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REVIEW
EFFECTS OF NATURAL AND ARTIFICIAL AGGREGATING
AGENTS ON SOIL STRUCTURAL FORMATION AND
PROPERTIES - A REVIEW PAPER
Noel Manirakiza*, Cevdet Seker
Department of Soil Science and Plant Nutrition, Selcuk University, Konya, Turkey

ABSTRACT

INTRODUCTION

The structural characteristics of soils are the
leading soil quality factors which exert a significant
influence on sustainable agricultural land uses and
yields. This review paper collates and summarizes
all necessary information relating to the processes
of soil structural formation, artificial and natural
aggregating agents as well as their effects on soil
structural formation and its dynamic property improvement. Soil aggregation is a core process involving in soil structural development, and artificial
and natural aggregating agents synergistically interact to determine soil aggregation. The rearrangement followed by flocculating and cementing of
soil particles result in forming aggregates of different manners and sizes. Aggregating agents, which
encompass organic matter (OM), biotic factors including plant roots and soil microorganisms, clay
minerals, sesquioxides, lime and dolomite materials, considerably contribute to soil aggregates formation dubbed 'soil aggregation' through the drawing of soil primary particles together into aggregates of different manners and sizes. These aggregating agents significantly involve in soil aggregation and aggregates stability through the improving
of soil porosity, hydraulic properties, water retention and other soil physical properties associated
with aggregates. Organic carbon, microbial biomass
carbon, mucilage (like polygalacturonic acid),
glomalin, cations like (Si4+, Fe3+, Al+3 and Ca2+ ), all
of which emanate from aggregating agents significantly help bind soil particles together into macroaggregates during aggregation.

Soil properties considerably tighten root
growth, distribution and agricultural production.
The soil structure is much more important to improving soil physical, chemical and biological
properties, all of which in turn affect agricultural
profitability and environmental quality. By considering the diversity of other disciplines, the proliferation of agricultural production may be induced
by the breakthrough development of technology [14]. Soil structure is described as the spatial arrangement of soil particles (i.e., aggregation), while
soil stability refers to the ability of soil to resist
external forces, such as erosive, compaction and
consolidation forces [5]. The development of soil
structure noticeably affect infiltration capacity, hydraulic conductivity, water holding capacity, diffusion of gases, soil erosion and mineralization of
organic materials [6]. Soil aggregates, which emanate from aggregation processes, are an essential
fabric of soil structural development which contributes to physical, chemical and biological soil properties improvement. It was evidenced that different
land use systems specifically forestland, cattle
farmland and cultivated land affect soil aggregation
and aggregates stability [7]. Natural and artificial
aggregating agents are the main causal agents of
soil aggregates formation through binding of soil
particles together into aggregates of different manners and sizes [8, 10], and organic and inorganic
soil amendments which act as aggregating agents
significantly enhance soil quality of agricultural
land. The organic amendments, which are the main
sources of organic matter accumulation into the
soil, significantly contribute to soil aggregation by
drawing soil particles together into macroaggregates, thereby improving roots development
and soil physical, chemical and biological properties [11, 12]. Root development is attributed to OM
which improves soil physical properties, such as
soil aeration, moisture, temperature, and mechanical resistance [13, 16]. Repeatedly infusion of OM
into the soil improve soil physical productivity ba-

KEYWORDS:
Soil structure, soil aggregation, natural aggregating
agents, artificial aggregating agents
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sically soil aggregation and aggregates strength
[17]. Similarly, the effectiveness of OM in enhancing aggregates stability is that, it drives macroaggregates proportion up which in turn dispose soil
to resist external soil disturbances, such as compaction and tillage impacts [18]. However, soil with an
insufficient organic matter contents occasion the
wreckage of soil structural quality and this plunges
agricultural productivity in tropical regions [19,
20].
The main objectives of this review paper are
to compile the core processes of soil structural formation, how natural and artificial aggregating
agents take part in these processes and then enlighten effects of aggregating agents on the improvement of soil structure and properties.

Fresenius Environmental Bulletin

from overburden soil, soil compaction and tillage
have a tremendous influences on soil structural development. Or and Ghezzehei [30] revealed that
there is a synergistic interaction between hydrological and mechanical processes to soil structural development that can be induced by capillary action,
shrinkage and swelling, and overburden soil weight.
The biological processes which embrace the impact
of plant roots with their mucilage (like polygalacturonic acid) and soil macro and microorganisms
with their exudates, considerably contribute to the
soil aggregation and structural development [27].
The bond which lies in the soil particles may be
strengthened by different exudates (organic and
inorganic compounds) from plant roots and microorganisms [31, 32]. The penetration of plant roots
into the plough pans contribute to soil structural
development through making up macro-pore, which
in turn help water movement and aeration into the
soil system [33].
The shrinkage of swelled non-rigid soils
which result in forming cracks, noticeably affects
soil structural development [34], these cracks has a
positive influences on soil structural development
by making a connection way between lower and
upper soil layer for water and nutrient movements
[35] and the resistance of a soil to cracking and
slaking effect is due to the bond strength which lies
in the soil particles. The OM which originates from
aggregating agents, significantly take part in
strengthening bond found between soil aggregates,
thereby scaling down cracking effect and wreckage
of aggregates which can be induced by rain drops
impact and other external stresses (e.g. compaction
effects) [36]. The plunge in soil organic matter
(SOM) disposes soil to slaking and cracking effects.
The attraction of electrostatic forces produced by
negatively charged clay surface influence the bond
energy which lies in soil particles [37] and this
bond energy is contingent on aggregates stability
which has a positive influence on keeping ordinary
size of pore space found between aggregates. It was
evidenced that the enhancement of soil aggregates
stability is attributed to the extent of organic matter
content [38, 41] as well as the quantity and types of
clay minerals [42]. The ability of the soil aggregates
to resist external stresses which are attributable to
the impact of rain drop and soil water fluctuations
[43] and PDFKLQHU\¶V FRPSDFWLRQ [44], is named
aggregates stability and stabilized soil aggregates
are able to resist various stresses which can be attributed to compaction, consolidation and erosive
forces [45], wet sieving [46] and ultrasonic dispersion [47]. The stable soil which is well aggregated,
cannot fragment and pass through a sieve, while
unstable one can fragment and pass through a sieve
due to low organic matter content which is accountable to low aggregates stability. The decline in soil
aggregates stability is largely considered a form of
soil nutrient depletion and renders soil become

SOIL STRUCTURAL FORMATION
By and large, all processes within a soil are directly or indirectly dependent on soil structure,
which is considered a core tightening agents of soil
properties. Based on hierarchy scales, soil structure
results from the arrangement, flocculating and cementing of soil particles during aggregation [21]. It
has an important role in contributing to the arrangement of soil pore system, which in turn govern
water and air movement through the supplying of
water, oxygen and nutrient to plant, contributing of
the groundwater recharge and providing of the suitable environment for a diversity of soil organisms.
Soil aggregation is a leading process that significantly contributes to the development of soil structure, which in turn exerts a leading control over soil
properties at large [22]. Based on the aggregate/ped
scale, organic and inorganic aggregating agents take
part in aggregation through the binding of primary
soil particles together into aggregates of various
sizes [23]. Based on pedon/horizon scale, the geometric and inter-aggregates pore space¶V stability
defines soil structure [24]. Soil aggregates are categorized LQWR PLFUR  ȝP  DQG PDFURDJJUHJDWHV ! ȝP  [25]. The bound of organic
matter, which is from organic aggregating agents to
clay particles results in forming aggregates which
are the essential fabric of soil structural development. Long-lasting aggregating agents draw mineral particles together into micro-aggregates [8],
while transient one specifically roots, fungal hyphae
and polysaccharides draw micro-aggregates together into macro-aggregates [25].
The soil structural development may be induced by mechanical, biological and hydrological
processes which play an important role in soil aggregation [26, 28]. Wetting and drying are considered hydrological processes which considerably
contribute to the advancement of soil structure [29].
Mechanical actions, which encompass the bonding
of soil particles together and external stresses raised
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polysaccharide sheath materials from cyanobacterium (Microcoleus vaginatus) help to bind soil particles together into aggregates of different manners
and sizes under dry condition, while under wet condition occasion swelling [63]. The exuded polysaccharide sheath material under rain wetted soil condition can be soluble and mixed with other soil particles and materials in soil solution which can become an essential fabric of soil colloid under dry
condition, thereby contributing to soil structural
development [63]. The buried polysaccharide
sheath material into the soil noticeably contributes
to the development of soil structure through enhancing of soil aggregation which results in increased water holding capacity, cation exchange
capacity (CEC) and soil stability [63].

more susceptible to erosion [5, 38, 48] and the effect of this foregoing decline lead to the plunge of
agricultural productivity [17]. In short, the quantification of soil aggregates stability is of paramount
significance in indicating soil structural stability
status which can provide with an inkling of soil
profitability.

AGGREGATING AGENTS
Natural Aggregating Agents. Soil organisms. Soil organisms certainly are reckoned one of
the natural aggregating agents due to their exudates,
which significantly contribute to soil aggregation
and structural development eventually. Bacteria,
fungus and earthworms are commonly renowned
for their contribution to aggregation and aggregate
stability which result in developing soil structural
quality. Additionally, they take part in improving
soil properties, such as soil aeration, porosity, hydraulic properties and aggregates strength due to
their exudates as well as carbon released by their
mineralization of organic materials [49, 51]. In addition, soil food web performs a diverse soil functions which facilitate soil properties improvement
including physical, chemical and biological properties.

Arbuscular mycorrhizal fungi (AMF). The
plant has undoubtedly mycorrhizal associations
with fungi types at large and AMF is the solely
fungi type found to have mycorrhizal association
with plants. AMF has an important effect on soil
structural development through contributing to soil
aggregation and aggregates stability [28, 63, 65,
66]. $0)¶VK\SKDHGXEEHGVWicky-string bag" exude glycoprotein chemical compounds dubbed
'glomalin which are accumulated on their external
hyphal walls and nearly soil particles, this contribute to soil structural development by drawing soil
particles together into macro-aggregates and the
structure of hyphal growth and their exuded biochemical products take part in strengthening soil
aggregates [66]. Glomalin, which is perceived as
soil protein, is an essential fabric of hyphal wall and
has a positive effect on soil structural development
by declining wreckage of macro-aggregates which
can be induced by wetting and drying effects and
this, is achieved through their hydrophobic glue
which decelerates water movement into the pore
spaces found within soil aggregates [66]. It is argued that the released glomalin stabilizes macroaggregates, while micro-aggregates are found to be
stabilized by hydrogels and bacteria [67]. AMF and
biotic soil crust (BSC) have a relevant impact on
soil structural development by contributing to soil
aggregation and aggregates strength individually
[5].

Bacteria. Bacteria, which are much more important for the development of all plants, are the
true producer of the plant food within the soil system. They create resistant spores which help them
to survive in spore stage under the tough climate
and in the ensuing favorable environment, they
germinate and grow afresh. Mucilage excreted by
bacteria contributes to the soil structural development by involving in soil aggregation. For instance,
cyanobacteria is one type of bacteria dubbed 'bluegreen algae' which is the photosynthetic prokaryotes taking part in photosynthesis through the green
pigment chlorophyll-a. Cyanobacterial soil crusts
(CSC) considerably contribute to the development
of soil structure through their exudates which help
to enmesh soil particles. CSC release polysaccharide materials which take part in soil structural development through enhancing of aggregation and
aggregates stability [52, 58]. Evidenced study
illustrated that sandy soil quality enhancement was
attributed to CSC which increased water holding
capacity and plant nutrients [59, 62]. Additionally,
the filaments of cyanobacteria contribute to the
development of soil structure by drawing soil particles together into micro-aggregates, thereby enhancing aggregates stability [63] and these filaments can significantly increase adhesion force
which results in improving soil hydraulic properties. The aggregates bound by polysaccharides from
cyanobacteria require too much wind speed to be
detached compared to single particles [64]. The

Earthworms and termites. The earthworms
which are classified as macro-organisms, significantly affect soil structural development through
contributing to soil aggregation, aggregates stability
and soil structural stability. They contribute to soil
aggregation by altering chemical, physical, and
biological processes which lie in the soil system
[51] and mixing of humified organic materials with
egested products IURP HDUWKZRUP¶V JXW FRQVLGHUably contribute to soil aggregation by binding soil
particle together, thereby advancing soil structural
development [8, 68, 69]. Furthermore, they contrib-
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the development of soil structure of acidic soil [89,
90] and the contribution of Fe+3 and Al+3 in stabilizing aggregates were shown by removing them from
a soil which resulted in producing aggregates of
various size [88]. In short, sesquioxides significantly contribute to soil structural development by enhancing soil aggregation and stabilizing aggregates,
thereby protecting organic matter from being accessible to microbial degradation.

ute to soil structural development through burrowing of soil that leads to enhanced soil properties
[70]. The ingestion of soil by earthworms can destabilize soil aggregates stability despite they scale
up aggregates stability through biological and
chemical activity at large [71]. In short, earthworms
and termites contribute to the soil development
through mixing of soil with organic matter, thereby
improving soil physical, chemical and biological
properties.

Clay minerals. Clay mineral (soil particles
OHVVWKDQȝP) are also aggregating agent that play
an important role to developing soil structure by
contributing to soil aggregation and aggregates stability. The adsorption of OM to clay particles due to
the presence of hydrophobic and hydrophilic groups
form soil aggregates which have a positive influences on developing soil structure, thereby resulting
in enhanced soil physical, chemical and biological
properties [91, 92]. The anionic groups, such as
dissociated carboxyl or phenolic groups which lies
in organic molecules, may substitute water molecule which surround cations (Ca2+, Mg2+, Fe3+,
Al3+) compensating negative charges of clay mineral, thereby resulting in increased organic matter
stability [93] and clay minerals noticeably stabilize
organic matter which is adsorbed to it by restricting
the accessibility of microorganisms responsible for
organic matter oxidation, thereby improving soil
physical, chemical and biological properties [94,
96]. The resistance of organic matter to microbial
activities range from 1 to 80% in a different soil
and more quantity can be found in subsoil compared to topsoil due to clay mineral increases with
soil depth [97, 99].

Plant roots. Plant roots significantly perform
various functions (anchorage, storage of nitrogen
fixed products, water and nutrients uptake as well
as increasing of organic matter through their exudates) within the soil system. The mucilage (organic compounds) released by plant roots contribute to
soil structural development by drawing soil particles together into macro-aggregates that play a leading role in enhancing soil physical, chemical and
biological properties [28]. The mucilage have a
considerable significance in binding soil microaggregates (<250ȝP  WRJHWKHU LQWR PDFURDJJUHJDWHV !ȝP [5] and the plant roots employ
their potentialities for stabilizing macro-aggregates
through their mucilage [72, 73]. The penetration of
plant roots into the soil develop soil structure by
creating soil pore spaces ranged between 100ȝP GLDPHWHUV WKHUHE\ LQIOXHQFLQJ SRVLWLYHO\
soil hydraulic properties. The flush of soil structural
advancements varies according to quantity and
composition of root exudations. It was indicated
that a radial expansion of young plant roots compressed soil around the pore and increased the pore
size occupied by the root, however, it decreased
porosity and changed pore size distribution within
the root zone over and above plant roots development increased macropores through stabilizing continuous channel found between soil aggregates [74].
Although most plant roots contribute to soil structural development, it was evidenced by Reid and
Goss [75] that maize and tomato roots growth contributed to disaggregation by dispersing clay mineral. In addition to this, mucilage of plant roots like
organic acids contribute to clay dispersion through
removing of polyvalent cation from the bound clay
to organic matter [76].

Artificial aggregating agents. Artificial aggregating agents are both organic (both plant and
animal residues) and inorganic materials which
tighten soil structural development. They contribute
to soil aggregation and aggregates stability, thereby
enhancing soil physical, chemical and biological
properties. The infusions of these materials into the
soil help to improve soil quality which results in
boosting agricultural productivity [100]. Organic
materials which are an essential source of organic
matter within the soil, are the leading aggregating
agent that contributes to soil structural development
through drawing of soil primary particles together
into soil aggregates (micro-and macro-aggregates)
of different manners and sizes [8, 10]. The soil rich
in organic matter compared with destitute one is
strongly resistant to soil erosion on grounds of organic matter contributes to the soil structural development by enhancing soil aggregation and aggregates stability [101]. In addition, because artificial
aggregating agents provide soil with organic matter,
they have a definite effect in improving soil properties, thereby enhancing agricultural profitability.

Sesquioxides. Sesquioxides (Al/Fe oxides)
play an essential role in soil structural development
by contributing to soil aggregation and aggregates
stability [77]. Soil aggregate stability tends to increase with increasing of Al/Fe oxides [78, 87] and
the impact of Fe/Al oxides was validated by Peng et
al. [88] as an essential aggregating agent in the ultisols. The cations, such as Fe+3 and Al+3 are the most
essential fabric of Al/Fe oxides which draw soil
particle together by making up a bond dubbed 'cation-bridge' which strengthens soil structural stability
[49]. It is believed that Fe+3 and Al+3 contribute to
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of soil microbial gums which enhanced soil aggregation and aggregates stability [106, 107] and similarly, these findings were confirmed by [108, 112].
The high mineralization rate of MSW-C due to paper and cardboard, lower lignin and high cellulose
content might be the causal agent which makes it to
have a top-notch ability of improving aggregates
stability [105]. MSW-C also contributed to soil
structural advancement through the increasing of
soil aggregation and aggregates stability which led
to improved soil physical, chemical and biological
quality [104]. It is argued that aggregates stability
increases with soil organic carbon (SOC) and
MSW-C with regard to its use as an organic matter
source, enhances soil aggregates stability which
lead to decreased slaking effect [105]. Additionally,
MSW-C contributes to soil structural quality development through the enhancing of S index, aggregation, MWD, soil water characteristic curve parameters (n DQGĮ VDWXUDWLRQZDWHUFRQWHQW șV UHVLGXDO
ZDWHU FRQWHQW șU  DYDLODEOH ZDWHU FRQWHQW $:& 
and decreasing of soil bulk density (Db) [113]. In
short, MSW-C noticeably contributes to the soil
structural development which tightens all soil properties including physical, chemical and biological
properties on grounds of adding too much organic
matter into the soil.

Compost. Composts, which encompass composted materials from both plant and animal residues, are a crucial source of organic matter involving in soil quality and structural developments at
large. The application of compost substantially enhances aggregation, aggregates stability and scale
down soil bulk density [17, 102]. In addition, the
infusion of organic matter into the soil is one of a
state-of-the-art agricultural practices which improve
soil quality, thereby enhancing agricultural
production.
Municipal solid waste compost (MSW-C) is
amongst the leading sources of organic matter and
has a positive effect on soil structural development.
MSW-C with regard to its use as aggregating agent
takes part in soil aggregation and thereby improving
soil properties including physical, chemical and
biological properties. The conducted study revealed
that MSW-C application noticeably developed soil
structure through the increasing of aggregation,
mean weight diameter (MWD) and decreasing of
bulk density of the studied soil (Table 1) [103, 105]
and MSW-C increased humic substance and carbohydrates content within the soil, thereby contributing to soil structural development profoundly
[103]. Another research showed that MSW-C application developed soil structure through increasing

TABLE 1
Effects of Organic Matter on Soil Structural Parameters
Soil texture

Organic matter

Rate of application

Aggregate
stability (%)

Db
(g cm-3)

MWD (mm)

References

Sand silt loam

MSW-C

24 Mg ha-1

(+)

-

(+)

[103]

Silt loam
MSW-C
4 ± 5.85Mg C
(+)
(+)0.17-0.83
[104]
Silt loam
MSW-C
4 Mg C haí1
(+)
(+)
[105]
Sand clay
MSW-C
10 Mg ha-1
(+)
(-) 0.42
(+) 0.23
[113]
loam
(+), increased; (-), decreased; Db, bulk density; MWD, mean weight diameter; MSW-C, municipal solid waste compost; - ,
parameter was not studied.
ha-1

TABLE 2
Effects of Different Organic Matters on Soil Structural Parameters
Soil
texture
Sandy
loam
Sandy
loam
Loam
Sandy
loam
Sand silt
loam
Sand silt
loam
Sand silt
loam
(+),

Organic
matter

Rate of
application

Db
(g cm-3)

MWD
(mm)

Ks
(cm h-1)

f(t)
(cm h-1)

șY 

References

CM

5 -25 g kg±1

-

(+)

(+) 0.4- 1.4

(+) 1.6-16.2

(+)

[121, 122]

PM

10-30 Mg ha±1

(-)32-38%

-

(-)

(-)33.3-48.5

(+) 3543

[117, 118]

PM

í1

100 kg N ha

(-)7±12%

(+)11±30%

(+) 15±32%

-

-

[115]

-1

PM

10 Mg ha

(-) 0.14

-

(+) 15.22

(+) 24

(+)

[116]

PiM

15 Mg ha-1

-

(+)

-

-

-

[88]

HA

-1

-

(+)

-

-

-

[103]

OVM

-1

24 Mg ha

-

(+)

-

-

-

[103]

V

2.4 Mg ha-1

-

(+)

-

-

-

[103]

(-),

100 L ha

-

increased;
decreased; , parameter was not studied; MWD, mean weight diameter; CM, cattle manure; PM, poultry
manure; PiM, pig manure; HA, humic acid; OVM, ovine manure; V, vermicompost; Db, bulk density; Ks, saturated hydraulic
conductivity; f(t), steady-state infiltration ratesșYYROXPHWULFZDWHUFRQWHQW

8641

© by PSP

Volume 27 ± No. 12A/2018 pages 8637-8657

Fresenius Environmental Bulletin

air capacity (AC), and relative water capacity
(RWC) [118]. Furthermore, evidenced research
stated that PM enhanced SOM contents, total porosity, infiltration rate, hydraulic conductivity and water retention at low tensions between 0.1 and 0.33
bar, thereby improving AWC as well as lowered Db
[116], and the foregoing impacts of PM were also
evidenced by Agbede et al. [117]. In addition to
effects on crop development, plant height, number
of leaves, root diameter, root length, and fresh root
yield of cultivated carrots crop were also scaled up
by PM [117]. In addition to effects on soil salinity,
soil amended with PM which was irrigated by saline and sodic water scaled up CEC and increased
the flush of calcium, magnesium and potassium
adsorptions than sodium (Na+) which is deleterious
to aggregation, however, it exponentially leached
Na+ and moderated exchangeable sodium percentage (ESP) which led to the improvement of soil
health [120]. In short, the infusion of PM into the
soil improves soil properties embracing physical,
chemical and biological properties because it adds
organic matter in the soil.
Cattle manure (CM) has been found to get its
essence in improving soil quality with regard to its
use as the source of organic matter. It contributes to
soil structural development by drawing soil particles together into aggregates of different manners
and sizes. It was indicated that CM developed soil
structure through the enhancing of MWD, hydraulic
conductivity, șY and f(t) (Table 2), scaling up of
aggregation and water stable aggregates (WAS) as
well as increasing of macropores approximately by
61.2% in clay soil and decreasing of macropores
approximately by 804% in the sand soil [121, 122].
Another study showed that CM enhanced soil aggregation and structural stability due to its infusion
of OM into the soil and also improved soil chemical
properties including pH, EC, and mineralized-N
[107, 119]. It is argued that the farm yard manure
application compared to biosolids significantly contribute to the improvement of soil structure through
the increasing of soil water holding capacity, total
available water content, pore size distribution and
decreasing of bulky density [123]. In addition, CM
has the capability of increasing agricultural production because it considerably improves soil quality.
Goat manure (GM), sheep manure (SM) and
horse manure (HM) supply organic matter in the
soil and have a definite benefit in improving soil
structure and property development. Duarsa et al.
[124] revealed that GM improved water holding
capacity, soil fertility, microbial activities and increased crop dry matter. With regard to the effects
on soil chemical properties, pH, OM content, total
N, available P, exchangeable K, Ca, Mg and CEC
were profoundly affected GM [125]. Mahmood et
al. [126] indicated that sheep manure (SM) application lowered Db and pH. In addition to effects on
soil salinity, soil amended with SM which was irri-

Ovine manure (OVM) and vermicompost (V)
have the ability of improving soil structure which
tightens soil properties. They contribute to the infusion of organic matter into the soil which involves
in soil aggregation, thereby affecting soil properties. The conducted study employing OVM revealed that it developed soil structure by enhancing
of MWD (Table 2) and soil aggregation [103].
Meanwhile, V application profoundly increased
MWD as presented in table 2 and soil aggregation,
thereby advancing soil structure and properties
[103]. In addition, OVM and V play an important
role in scaling up agricultural production due to
their positive effects in soil quality improvement.
Application of humic acids (HA) solution and
pig manures (PiM) has a significant effect on soil
structural and properties development. They play an
important role in adding organic matter into the
soil, which in turn take part in soil aggregation and
aggregates stability, thereby improving physical,
chemical and biological soil properties. It was indicated that HA application contributed to soil structural advancement through enhancing of MWD
(Table 2) and soil aggregation, thereby resulted in
improving soil properties [103]. The evidenced
study showed that HA profoundly developed soil
structure by increasing aggregation and aggregate
stability which led to improved soil water retention,
soil mechanical resistance and soil water storage
[114]. Furthermore, pig manures (PiM) application
considerably developed soil structure through enhancing of MWD (Table 2), aggregation and SOC,
thereby improving soil healthy [88]. In addition,
HA and PiM considerably take part in developing
soil structure which is an essential fabric of soil
physical, chemical and biological quality improvement due to their supply of organic matter into the
soil.
Poultry manure (PM) is also reckoned a source
of organic matter that plays an important role in
increasing organic carbon within the soil, and this
contribute to soil aggregation and its stability which
lead to soil properties improvement. The evidenced
study showed that PM contributed to soil structural
development through the enhancing of MWD, hydraulic conductivity (K), volumetric water content
(șY DQGdecreasing of Db (Table 2) and also scaled
down soil penetration resistance (PR) as well as
increased total porosity and aggregation [115, 117].
Additionally, PM increased MWD which led to
decreased hydraulic conductivity, steady-state infiltration rates (f(t)), Db and increaseG șY 7DEOH  
[118]. In addition to effects on soil chemical properties, pH, electrical conductivity (EC), and mineralized N are also improved by PM [119]. Another
study showed that PM has the potentialities of occasioning soil structural development through the
improving of steady-state infiltration rates (f(t)),
sorptivity and transmissivity, hydraulic conductivity, macroporosity (MacP), microporosity (MicP),
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Biochar. Biochar is a highly carbon rich
product which has the potentialities of improving
soil structure and properties. It increases soil organic matter content which take part in soil aggregation
and aggregates stability, thereby enhancing soil
properties including physical, chemical and biological properties. It is argued that it acts an aggregating agent that significantly tightens soil aggregation
and aggregates stability [131]. Biochar is obtained
from a pyrolysis of organic residues blazed under a
high temperature, its pore size distribution depends
on the extent of temperature [132], its pore size
relies on kind of used organic residues [133, 134]
and is made up of pore size less than 2 nm and
more than 50 nm diameters [135]. It contributes to
the development of soil structure through the enhancing of soil texture which leads to improved
drainage condition, soil water holding capacity and
hydraulic properties [136]. It possesses micropores
and mesopores which help to improve soil water
holding capacity and macropores which in turn help
to improve hydraulic conductivity and aeration
[136]. In addition, due to biochar contains too much
organic carbon, this means that it has an enviable
quality of improving soil properties.
Biochar produced from corn stove, dairy manure, feedstock, walnut shell, softwood and lead
trees has a definite benefit to improve soil quality.
It increases organic matter which help enmesh soil
particles as an aggregating agent. Herath et al. [137]
revealed that biochar which produced from corn
stove, contributed to soil structural development
through the enhancing of soil aggregation and aggregates stability that led to increased AWC, Ks,
porosity and reduced Db (Table 3) and enhanced
drainage condition of the soil. Another study
showed that biochar from dairy manure contributed
to soil structural development of silt loam and
sandy loam soils by enhancing soil aggregation and
aggregates stability that led to increased AWC, Ks,
porosity and decreased Db (Table 3). Additionally,
it occasioned the variability of soil water characteristic curve and soil aggregation in the sandy loam

gated by saline and sodic water scaled up CEC and
increased the flush of calcium, magnesium and potassium adsorptions than sodium (Na+) which is
deleterious to aggregation, however, it exponentially leached Na+ and moderated exchangeable sodium
percentage (ESP) which led to the improvement of
soil health [120]. In addition to effects on soil
chemical property, the application of composted
HM treated with lime increased pH, OM and K, N,
P, Ca and Mg [127]. Although there is not evidenced study of GM, SM and HM effects on the
development of soil structure, it is undoubtedly that
they can have a considerable significance in contributing to soil structural developement through the
enhacing of soil aggregation and aggregates stability due to their infusion of OM into the soil.
Composted rice straw (CRS) application and
mulching practices provide soil with organic matter
to improve soil properties and structure. It was confirmed that CRS had a significant role in developing soil structure through the enhancing of aggregation and aggregates stability which led to decreased
macropore by increasing of micropores and decreased Db, thereby enhancing water holding capacity under the sandy soil [128]. In addition to effects
on chemical properties, CRS considerably lowered
pH and increased availability of plant nutrient for
crop growth [128]. Apart from composted materials, mulching materials are also reckoned as a
source of organic matter which affects soil properties. The encrusted soil with straw mulching significantly improved soil structure through the increasing of soil moisture, organic matter, hydraulic conductivity, cation exchange capacity and aggregate
stability but insignificantly affected electrical conductivity, pH, bulk density and lime content [129]
and the one with wheat straw mulching improved
soil structure by reducing of surface runoff and soil
loss, which can be occasioned by water erosion
[130]. In short, composted rice straw and encrusted
soil with different mulching materials gives soil the
ability to function well due to their organic matter
infusion into the soil.

TABLE 3
Effects of Biochar on Soil Structural Parameters
Biochar
Corn stove

Pyrolysis
temperature

Aggregate
stability (%)

AWC (%)

Ks (m sí1)

Db
(g cm-3)

Porosity
(%)

References

350-550 oC

(+) 7 to 17

(+)

(+)32-41%

(-)

(+)10-19

[137]

(+)
(+)
Dairy manure
500 o C
(+) 5.2-10.6
(+)
(-)
[138]
o
Feedstock
>500 C
(+) 8.2
(+) 15.1
(+) 25.2%
(-) 7.6%
(+) 8.4
[139]
(+) 2.6 to 4.0 cm
(+) 1.8 times
(-)
(+) > 9
[141]
Lead trees
700 o C
(+)
(+) 5
***
(-)
(+) 0.46
[142]
Winter heat
300 o C
(+)
(+) 5.6
***
(-)
(+)0,13
[142]
Miscanthus
300 o C
Rice straw
400 °C
***
[142]
Softwood,
600-900°C
(+)
(+)
(+)
(+)
[140]
Walnut shell
(+), increased; (-), decreased; AWC, available water content; Ks, saturated hydraulic conductivity; Db, bulk density; - , parameter was not studied; ***, no effect.
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rosity. In contrast, biochar from rice straw applied
under ultisol insignificantly impacted on soil aggregation [144]. In short, biochar considerably develop
soil structure through enhancing of soil aggregation
and aggregates stability which tightens soil physical, chemical and biological properties at large.

soil compared to silt loam soil [138]. It was evidenced that biochar produced from feedstock significantly contributed to the development of soil
structure through the enhancing of soil aggregation
and aggregates stability that led to increased soil
porosity, AWC, Ks and decreased Db (Table 3)
[139]. Another study indicated that biochar produced from walnut shell and softwood developed
soil structure through the enhancing of soil aggregation and aggregates stability that led to increased
AWC and decreased Db (Table 3) over and above
contributed to carbon sequestration [140]. Moreover, Biochar produced from lead trees (Leucaena
leucocephala) showed an important impact to developing soil structure through the enhancing of soil
aggregation and aggregates stability that led to increased porosity, Ks and decreased Db (Table 3),
meanwhile increased pH, CEC and base saturation
and microbial biomass carbon [141].
Regarding the research conducted on biochar
produced from miscanthus, winter wheat, woodchip, straw, and vineyard-pruning, it was argued
that they improve soil structure by adding organic
matter in the soil. *áąE HW DO [142] confirmed that
biochar produced from both miscanthus and winter
wheat noticeably developed soil structure through
the enhancing of aggregation and AS that resulted
in reducing macroporosity due to the that fact that
WKH DSSOLHG ELRFKDU VL]H ZDV DURXQG ȝP, while
the one of 0.5± ȝP increased macroporosity
which led to lowered bulk density and increased
AWC under a sandy soil over and above the biochar
from miscanthus indicated a high AWC compared
to winter wheat (Table 3). Also, Burrell et al. [143]
showed that the application of biochar produced
from woodchip, straw, and vineyard-pruning under
planosol and chernozem soil contributed to soil
structural development through the enhancing of
soil aggregation and aggregates stability which led
to decreased bulk density, increased AWC and po-

Hydrogels. Hydrogels are polymers considered aggregating agents that noticeably contribute
to soil structural development through enmeshing
soil particles, thereby enhancing soil aggregates
stability which lead to soil physical, chemical and
biological properties improvement [145, 146]. They
embrace natural (proteins and polysaccharides) and
synthetic hydrogels [147] and are water soaking up
polymers which can swell many times of their original size [145]. It is argued that their kinds and density of covalent bond impart them the capability of
soaking up water up to 500-600 times of their
weight within pure water and form gels [145]. In
addition, hydrogels improves water holding capacity and other soil properties due to their ability of
retaining too much water, thereby scaling down all
soil problems that can be attributed to poor hydraulic properties.
Polyacrylamides (PAM) are one of the hydrogels kind that have a pronounced positive influences on soil structural development due to their
ability of staying in water actively for a long time
and are employed to manufacture water absorbing
polymer which are much more important in agriculture sector [145]. PAM, which reduce soil erosion
and increase infiltration, are used in planting and
transplanting of trees seedlings in arid of African
and Australian region as well as in landscape and
nursery area due to their highly water retaining capacity [145]. There are positively and negatively
charged PAM and positively one significantly contribute to soil structural development through involving in soil aggregation by being in contact with

TABLE 4
Effects of Hydrogels on Soil Structural Parameters
Hydrogels
PAM
PAM
PAM
PAM
PAA
Dextran
Alginate
Xanthan
Pullulan
Curdlan
CMC

Rate of
application
100-1000 mg L-1

Aggregate stability
(%)
(+) 2-14

0.25-0.5 g kg±1
45 kg ha-1

(+)
(+)

-1

(+)

-1

(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)

20 kg ha

45 kg ha
3%
3%
3%
3%
3%
2%
4%

f(t)
(mm h-1)
(+)0.15mm
.s-1
(+)7.718.1
-

(+),

AWC
(%)
(+)

Ks (cm
hí1)
(+)2-3

Db (g
cm-3)
-

Porosity
(%)
-

References

(+)
(+) 0.7±
2.4
-

-

***

(+)
-

[122]

-

-

-

(+)
(+) 5.68
(+) 6.93

(-) 3.3
(-) 4.69

***
(-)
(-)
(-)
(-)
(-)
(-)
(-)

(+) 5.6
(+) 2.5
(+) 2.3
(+) 1.9
(+) 1.5
(+) 3.93
(+) 4.72

[149]

[114]
[148]
[114]
[151]
[151]
[151]
[151]
[151]
[128]
[128]

increased; (-), decreased; f (t), infiltration rate; AWC, available water content; Ks, saturated hydraulic conductivity; Db,
bulk density; PAM, poliakrilamid; CMC, carboxymethycellulose; - , parameter was not studied; ***, no effect .
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clay mineral, while a negatively charged PAM disperses clay mineral [145]. The evidenced study
showed that PAM considerably contributed to soil
structural development through the enhancing of
soil aggregation and AS which led to increased
AWC (Table 4). It also increased soil water storage
and reduced soil mechanical resistance as well as
PAM in combination with HA application significantly enhanced soil physical properties and soil
water storage [114]. Additionally, PAM contributes
to soil structural development through improving of
low infiltration rate which is attributable to soil
sealing [148]. Another evidenced research validated
that PAM significantly developed soil structure
through the enhancing of soil aggregation and aggregates stability which led to increased f(t), Ks and
AWC (Table 4) [149]. The infusion of PAM into
the soil improves soil structure through the enhancing of MWD, WAS and the number of mesopores
(30- ȝP  [122]. The evidenced study revealed
that PAM significantly improved AS and had a litWOH HIIHFW RQ LQILOWUDWLRQ DQG 3$0¶V HIIHFW was
highly observed during irrigation [150]. The application of PAM considerably contributed to soil
structural development through enhancing soil aggregation and AS which led to increased AWC and
soil porosity (Table 4) [122]. In short, PAM increases agricultural profitability because of improving soil structure.
Potassium polyacrylate (PAA) is also another
type of hydrogel that contribute to soil structural
development through the enhancing of soil aggregation and aggregates stability, which in turn tighten
soil physical, chemical and biological properties.
PAA which has a Db of 1.09g/cm-3, can absorb
water 400 times of its weigh and can supply back
95% of the retained water into the rhizosphere
[114]. Experimental results showed that PAA contributed to soil structural advancement through the
enhancing of soil aggregation and aggregates stability which led to increased AWC (Table 4), decreased soil mechanical resistance and PAA application in combination with HA enhanced soil water
storage [114].
Carboxymethylcellulose (CMC) with regard to
its use as a synthetic cellulose polymer plays an
important role to soil structural advancement. It
takes part in soil aggregation and aggregate stabil-
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ity, which in turn affect soil properties. Laila [128]
showed that the application of CMC in the sand soil
significantly developed soil structure through the
enhancing of soil aggregation and aggregates stability, thereby resulting in decreased Db and Ks, increased soil water storage (SWS) and porosity as
presented in table 4 over and above CMC decreased
soil pH and increased plant nutrient into the soil
[128].
Extracellular biopolymers are naturally produced by different microorganisms and take part in
soil aggregation and stability [151]. Extracellular
polysaccharides biopolymers (dextran, alginate,
xanthan, pullulan, and gurdlan), which are naturally
produced under laboratory condition, have a definite benefit in soil improvement. Sodaf et al. [151]
revealed that extracellular polysaccharides which
biologically produced by specific soil microbes,
such as pullulan from Aureobasidium pullulans,
curdlan from Rhizobium spp, alginate from Azotobacter spp, xanthan from Xanthomonas spp and
dextran from Leuconostoc spp under laboratory
favorable condition, considerably contributed to
soil structural development through the enhancing
of soil aggregation and aggregates stability which
led to increased soil porosity and reduced Db as
shown in table 4. Additionally, Mashhour et al.
[152] validated the forgoing results by showing that
biopolymers scaled up microbial biomass carbon
and mucilage (microbial exudates) particularly cell
wall residues and extracellular polysaccharides
which are the major causal agents of soil aggregation.
Vinyl alcohol acrylic acid (VAAA) is also a
hydrogel types reckoned as aggregating agents that
involve in soil structural quality enhancements. It
was indicated that VAAA considerably contributed
to soil structural development through the increasing of soil aggregation and aggregates strength
which OHGWRHQKDQFHGșV, șr, S index, n and Į parameter, MWD of aggregates, AWC and decreased
Db (Table 5) [113]. In short, VAAA with regard to
its use as an aggregating agent has a considerable
significance in developing soil structure by enhancing of soil aggregation and aggregates stability,
which contribute to soil physical, chemical and biological quality improvement at large.

TABLE 5
Effect of hydrogels on soil structural parameters
Hydrogel

Application
Rate (%)

ĬV
(g g-1)

ĬU
(g g-1)
(+)
0.039

ĮSDUDPeter (cm-1 )

n parameter

AWC
S
MWD
Db
Refer(g g-1)
Index
(mm)
(g cm-3)
ences
(+)
(+)
0.05
(+) 0.19
(- ) 0.0194
(+) 0.163
(- ) 0.02
(- ) 0.23
0.04
0.042
(+)
(+)
VAAA
0.1
(+) 0.09
(+) 0.04
(- ) 0.0199
(+) 0.169
(+)
(- ) 0.16
[113]
0.03
0.024
(+)
(+)
(+)
0.2
(+) 0.08
(- ) 0.0192
(+) 0.223
(+) 0.05
(- ) 0.15
0.059
0.02
0.024
(+)
(-)
, increased; , decreased; Db, bulk density; MWD, mean weight diameter; QDQGĮVRLOZDWHUFKDUDFWHULVWLFFXUYHSDUDPeWHUVșVZDWHU
FRQWHQWDWVDWXUDWLRQșUUHVLGXDOZDWHUFRQWHQW$:&DYDLODEOHZDWHUFRQWHQW6VWUXFWXUDOLQGH[9$$$ vinyl alcohol acrylic acid.
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TABLE 6
Effect of inorganic amendments on soil structural parameters
Inorganic
amendments

Application
Rate

P
(kPa)

Aggregation (%)

RWC

Aggregate
stability (%)

Ks
(cm h -1)

f(t)
(cm h -1)

Db
(g cm-3)

References

NPK20-10-10
Urea
Crumb rubber

120 kg N ha-1
100 kg N ha-1
0.48 g kg-1

(-) 26
(-)

(+)
(+)
(+)

(+)
(+)

(+) 0.4
(+)

(+)
(+) 0.23
-

(+) 44.3
-

(-) 0.04
(-) 0.24

[118]
[115]
[153]

(+),

increased, (-), decreased; f (t), infiltration rate; RWC, relative water content; Ks, saturated hydraulic conductivity; Db, bulk
density; - , parameter was not studied; P, penetration resistance.

It enhances soil structural development through the
releasing of calcium for flocculation and sulfate for
plant nutrition and leaching of excess sodium [154].
It contributes to soil structural advancement
through decreasing of sodium which disperses soil,
thereby increasing soil water content in a saline soil
[155]. The foregoing findings were also approved
by Joachim and Hubert [156] and gypsum lowered
soil pH-value which led to increased plant nutrient
availability and reduced EC and SAR into the soil
[155, 157]. In addition, the infusion of lime to soil
scale up pH and in the ensuing results, microbial
activity, plant nutrient availability and crop yields
increase, thereby increasing soil organic matter,
aggregation and aggregates stability as well as soil
quality.

Aggregating agents from inorganic materials. Inorganic materials, such as iron and aluminium oxides, silicium, and calcium compounds, like
lime and dolomite are reckoned as aggregating
agents that tighten soil structural development
through the increasing of soil aggregation and aggregates stability which lead to soil physical, chemical and biological property improvement. In addition, Fe/Al oxides are one of the essential aggregating agents that restrict swelling of clay by acting as
a flocculants in ultisols.
Peng et al. [88] showed that N, P and K fertilizers (NPK) application contribute to soil structural
development through the enhancing of soil aggregation and aggregates stability due to their exponential microbial biomass carbon; however, NPK decreased specific surface area (SSA). Moreover,
NPK in combination with PiM profoundly enhanced soil aggregation by increasing of coarse
sand and silt content as well as decreasing of fine
sand and clay content [88] and PiM compared with
NPK was considerably effective in soil aggregation
and AS due to their substantial addition of OC into
the soil [88]. Adesodun at al. [118] reflected that
NPK increased soil aggregation, RWC, f(t) and Ks
(Table 6), increased sorptivity and transmissivity,
decreased macroporosity (Macp) and microporosity
(Micp) during the year 2009, but during the year
2010, soil aggregation, macroporosity and RWC
were enhanced and f(t), Ks, sorptivity, transmissivity and MicP were decreased.
Urea and crumber are both inorganic
aggregating agents which contribute to soil
structural development. They take part in soil
aggregation and aggregate stability, thereby
improving soil properties. Khaliq and Abbasi [115]
indicated that urea had a positive influences on contributing to soil structural advancement by enhancing AS and Ks, decreasing soil mechanical resistance and Db as shown in table 6 over and above
urea application acidified soil and increased soil
plant nutrient. Crumb rubber is also considered aggregating agent which is produced from a recycled
scrap automobile tires. Study showed that it affected soil structural development through the enhancing of soil aggregation, AS, SOM, and decreasing
soil penetration resistance and Db (Table 6) and
also enhanced water retention capacity in the sand
soil and increased capillary water content and aeration in the clay soil [153].
Gypsum is very important in soil reclamation.

MECHANISMS OF
AGGREGATES BREAK DOWN
Degree of aggregates stability profoundly
tightens soil structural quality. Agricultural practices affect soil structural quality through the breakup
of macro-aggregates into micro-aggregates, thereby
decreasing macro-porosity while increasing microporosity and Db [158, 160]. The highly stable aggregates are considerably resistant to external
stress, such as compaction and consolidation stress.
The breakup of aggregates can be occasioned by
HQWUDSSHG DLU¶V FRPSUHVVLRQ due to wetting, swelling and raindrop impact as well as physical and
chemical dispersion due to osmotic stress [161,
163]. In addition, the aggregates stability is influenced by the strength of bond which lies in the aggregates, soil texture and kinetic energy.
Soil aggregation and aggregates stability are
influenced by the concentration of sodium which is
responsible to disaggregation and Na+ acts as a dispersing agent which disaggregates the formed aggregates, thereby exposing OM to microbial activities and occasioning OM depletion and agricultural
productivity plunge. The gypsum application can be
employed to address these difficulties by improving
soil chemical (lowering of pH-value and exchangeable sodium percentages), physical (preventing of
disaggregation) and biological (scaling up of microbial biomass carbon) properties [164, 165]. In
addition, as soil aggregates degradation threatens
soil quality, the infusion of organic matter in the

8646

© by PSP

Volume 27 ± No. 12A/2018 pages 8637-8657

Fresenius Environmental Bulletin

1.30 g cmí3 is an indicator for degraded soil structure characterized by poor aeration that lead to declined crop productivity [174, 175]. Db greater than
0.9 Mg mí3decreases diffusion which results in
improper nutrient uptake and decreasing of plant
AWC as well as hindering plant roots development,
thereby declining agricultural production [168,
176]. Db of a soil can indicate the innate soil characteristics particularly soil texture and the flush of
OM content in the soil [167]. Db increases with
decreases in soil water content, OM content, plant
AWC, f (t), HC and increases in soil structure disturbance. Additionally, falling apart of soil aggregates and variability of Db within the soil negatively affect soil structural quality. Furthermore, there
is a strong relation between Db and porosity [177]
and soil porosity is recognized as an indicator of
relative pore space [151]. In short, soil bulk density
variability considerably affects soil structural quality that plays an important role in boosting agricultural production.

soil and rational agricultural practices are require
for strengthening and maintaining soil aggregates
stability, thereby enhancing soil physical, chemical
and biological quality.

SOIL PHYSICAL OR STRUCTURAL
QUALITY DEGRADATION INDICATORS
Soil structural quality considerably contributes
to plant growth development through the supplying
of convenient environment for the better plant roots
development. Soil properties noticeably affect plant
root growth, water and nutrient uptake and agricultural productivity. Degraded soil structural quality
threatens soil physical, chemical and biological
properties, thereby adversely affecting crop development. Research indicated that root growth depends on chemical, physical and biological factors
of the soil [166]. Therefore, the flush of soil structural quality assessment is required for determining
the soil caliber to produce adequately agricultural
profitability and this assessment can be done by
comparing results from laboratory analysis of different parameter of soil physical properties with
their critical value for the optimum plant growth. In
this section, different soil physical properties indicating soil structural degradation based on their
critical value are going to be discussed.

Air-filled Porosity (AFP). Plant respiration,
nutrient uptake, gas exchange and water movement
in the soil are the leading factor, all of which affect
agricultural production and can be affected by the
extent of AFP which is a good indicator for soil
structural degradation based on their critical values.
Based on the optimum crop growth, it was revealed
that AFP in the soil with a good structure must be at
least 10 % [178] and AFP must be greater than 14%
under the sandy loam to clay loam soil [174, 176,
179, 180]. AFP less than 10% is a pronounced indication of degraded soil structure and has a negative
effect on root development and plant growth due to
plant roots lack oxygen to perform their vital functions. With regard to the effects on crop growth,
AFP that is less than critical value is a pronounced
evidence of concluding that aeration is a restricting
factor for roots development and plant growth, and
this inadequate aeration adversely affect soil microbial activities that have considerable significance in
performing different soil functions specifically
mineralization of organic materials, soil aggregation due to their mucilage, nutrient fixation and
recycling, soil infiltration and hydraulic conductivity. In short, the soil with suitable aeration is a fantastic indicator of the better soil structural quality
which helps to boost crop development and growth.

Bulk Density (Db). Bulk density is one of the
most important parameter of soil physical properties that is employed for indicating soil structural
form [160, 167] and can be affected by different
factors, such as soil compaction and consolidation
action which considerably affect other soil physical
properties. Soil compaction adversely effect on soil
bulk density through increasing of Db, which in
turn result in restricting the penetration and radial
growth of roots through increasing of soil mechanical resistance, decreasing of AWC and soil aeration,
thereby declining agricultural production [167]. Db
is indirectly a good indicator for soil water holding
capacity, aeration and stability [168]. The critical
value of bulk density for the optimum crop growth
depends on soil texture (Table 7) [169] and it was
evidenced that Db which lies between 0.9±1.2 Mg
mí3 is a good indicator for the optimum crop
productivity in a soil with medium to fine texture
[170, 173]. However, Db approximately greater than

TABLE 7
Soil bulk density relatively to root development relies on the texture of soil [169].
Soil Texture
Sand, loamy sand
Sandy loams, loam
Sandy clay loam, clay loam
Silt, silt loam
Silt loam, silty clay loam
Sandy clay, silty clay, clay loam
Clay (>45% clay)

Ideal bulk densities
For plant growth (g cm-3)
< 1.60
< 1.40
< 1.40
< 1.40
< 1.40
< 1.10
< 1.10
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Bulk densities that affect
root growth (g cm-3)
1.69
1.63
1.60
1.60
1.55
1.49
1.39

Bulk densities that restrict root growth (g cm-3)
> 1.80
> 1.80
> 1.75
> 1.75
> 1.65
> 1.58
> 1.47
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matter content.

Soil Mechanical Resistance (SMR). SMR,
which is dubbed 'root-limiting factor', is an important indicator of soil structural quality and is
affected by soil compaction. Soil compaction increases SMR which hamper plant roots development. It was revealed that SMR greater than 3.0
MPa adversely affect plant roots development
[181], while SMR less than 3.0MPa is absolutely
worth for better crop development. The lower SMR
is an indication of a fantastic soil structure possessing the adequate AWC for better plant growth
and aeration. Research indicates that SMR increases
with Db and decreases with increases in soil water
FRQWHQW ș) [167, 182, 184]. Decreased SMR results
in increasing RI șv, cohesion forces and internal
friction angle [185]. There is a positive relationship
between Db and SMR due to the compaction of soil
matrix which leads to increased interparticle friction [186]. It was stated that the diameter of larger
pores decline with an increases in water holding
capacity at low matric water pressure [187]. In addition, the compression of soil matrix essentially
does not affect tiny pores spaces found within soil
aggregates, however declines diameter of bigger
pores between soil aggregates, thereby increasing
water holding capacity under the sand soil.

S Index. S index is an important indicator of
soil physical or structural quality that considerably
tightens agricultural production. Based on critical
value of S index, this can be employed for indicating the current situation of soil physical or structural quality status of a given soil. Regarding the variability of critical value of S index, the soil physical
or structural quality are categorized into excellent
soil physical quality, a good physical quality, a
poor physical quality and extremely poor physical
condition or degraded soil structure, all of which
are expressed by S> 0.050, 0.035< S<0.050,
0.020<S< 0.035, and S< 0.020 respectively in the
soil of temperate and tropical regions [170, 190,
192]. The evidenced study showed that the limit
value of S index was between 0< SWKHRUHWLFDOO\
however cultivable land possessed range value of
0.007< S< 0.14 [191]. Degraded soil physical or
structural quality is indicated by S index = 0 due to
OC is almost zero [190]. S index varies according
to time and is used as soil physical degradation estimator (i.e. the decrease in S lead to soil degradation and increases in S index lead to enhancement
of soil physical and structural quality) [191].The
increased Db or compaction contribute to decreased
S index because soil compression radically decreases the macro-pores capacity which lead to alteration
of pore size within aggregates [170] and S index is
considered as soil microstructure measure which
considerably affect the status of soil physical properties [192].

Mean Weight Diameter (MWD) of Aggregates. Swelling and shrinkage are contingent upon
MWD of aggregates that is considered as an index
of aggregates stability. MWD is determined by the
model established by [46]. Annabia et al. [105] indicated that greater MWD values is totally related
to the greater aggregates stability and their findings
of MWD values UDQJHGIURPȝPWRȝPDQG
based on these results, they concluded that soil agJUHJDWHVZLWK0:'DURXQGȝPZHUHVWURQJO\
stable compared to others. In addition, the comparison between two quantified MWD values before
and after analysis provides the flush of aggregates
stability and soil structural stability at large. [27,
188, 189], In short, the value of MWD which is
obtained from analyzed soil sample might be helpful in determining the flush of aggregates stability
and structural stability at large.

Soil Management Practices (SMP). Soil
management practices directly are responsible for
the breakup of macro-aggregates and indirectly
change biological and abiotic factor in the soil
[193]. The structure of soil pores are increasingly
disrupted by soil tillage practices [194] and conventional tillage (CT) mechanically break down macroaggregates by removing of mycelium network that
enmesh soil particles [48]. SMP plunges SOM, microbial biomass carbon content and biological activities [195, 197]. CT results in the exposure of
organic matter to highly oxidation and in the ensuing organic matter losses scale down both aggregates stability and agricultural production. Contrarily, conservation tillage specifically zero tillage (ZT)
and ridge tillage (RT) shows a positive result of
increasing soil structural condition by enhancing
aggregating agents that contribute to soil aggregation and aggregate stability as well as enhancing
aggregates associated other soil properties [195,
198]. Evidenced research revealed that ZT and RT
compared to CT increased SOC and glomalin contents and declined soil disturbance [199]. ZT contributes to soil structural development through enhancing of soil aggregation and aggregates stability
[200, 201] and also enhance fungal growth and my-

Overall Organic Carbon in the Aggregates
(OOCag). Carbon is a prior element which can be
expressed in terms of organic matter and play an
important role in soil structural development
through contributing to soil aggregation and aggregates stability. The content of carbon within the soil
aggregates dubbed ൏OOCag' is very essential for
indicating the extent of aggregates stability.
Annabia et al. [105] showed that the highly soil
aggregates stability is attributed to an increased
OOCag. In short, as organic matter is considered a
leading aggregating agent involving in soil aggregation and aggregate stability, this means that aggregates stability increases with increasing of organic
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all other cereals [6]. Wheat cultivation occurred
first time about 10,000 years ago during Neolithic
5HYROXWLRQµ ZKLFK ZDV D WUDQVLWLRQ IURP KXQWLQJ
and assembling of food to advanced agriculture.
The earliest cultivated forms of wheat were diploid
i.e. einkorn (AA genome) and tetraploid i.e. emmer
(AABB genome). Their genomic studies show that
they have evolved from the south-eastern part of
Turkey [6].
Research on mineral nutrients of crop plants
and to tackle problems related to this issue is a
subject of great importance among molecular biologists, physiologists and agronomists. On the basis
of their requirement for plants, they are classified as
Micro nutrients like B, Cl, Fe, Cu, Mn, Na, Ni and
Zn and macronutrients like N, P, K, Ca and Mg.
Studies shows that these nutrient elements besides
performing different dynamic functions, like protecting the external and internal integrity of plants,
also enhance plant development and yield [7].
These nutrients also protect crop plants from various biotic and abiotic stresses [8]. Nitrogen, phosphorus and potassium is regarded as primary macronutrients [9]. Phosphorus is an essential constituent of photosynthetic processes, promote plant
growth and their root system [10]. Potassium regulates many physiological processes and help in
improving photosynthesis, water relations, enzyme
activation, transportation and plant growth [11].

ABSTRACT
Wheat (Triticum aestivum) is considered as
the most significant cereal crop. Nitrogen plays a
vital role in the life cycle of wheat. It is the key
nutrient of plants required for the production of
chlorophyll and other essential cell components like
proteins, amino acids and nucleic acids. N status
determines the crop yield. Accurate, rapid and dynamic diagnosis of nitrogen status is important for
assessing plant vigor, estimating crop production
and optimizing nitrogen management in different
crop plants. This review article focuses on current
methods and tools used for the N determination in
wheat. Kjeldahl digestion and Dumas combustion
are considered as accurate methods for N estimation but they are destructive, expensive and time
consuming. In field N estimation is done through
Normalized difference vegetation index (NDVI)
and chlorophyll meter SPAD. These are time saving
and non-destructive methods.

KEYWORDS:
Wheat, N determination, non-destructive

INTRODUCTION
Wheat being staple crop for human plays a vital role in feeding ever increasing world population
and thus ensures the global food security [1]. It is
ZRUOG¶V WKLUG PRVW LPSRUWDQW FHUHDO FURS QH[W WR
maize (Zea mays L.) and rice (Oryza sativa L.).
Total production of wheat among all major cereal
crops account for 19 percent. Wheat provides 20%
of the total food calories consumed by people
around the globe [2, 3]. Wheat provides 78.10%
carbohydrates, 14.70% protein, 2.10% fat and considerable proportions of minerals (zinc, iron) and
vitamins i.e. thiamine and vitamin-B [4, 5].
Wheat (Triticum aestivum) is considered as
the most significant crop for bread making because
it has supreme baking performance as compared to

Importance of Nitrogen. Nitrogen (N) is an
important element for crop yield, growth, and development and also a major nutrient element in
agricultural production. Plant N status affects the
Crop yield [12]. Farm managers intend to identify
crop N status and provide the suitable amount of
fertilizers for best yield and nitrogen use efficiency
[13]. It is present in amino acids that form proteins,
in different inorganic and organic compounds and
in nucleic acids, which form the hereditary material. Therefore, the adequate amount of nitrogen is
required in plants as they act as a key factor in crop
production [14]. Furthermore, nitrogen also facilitates the seed and fruit production, speed up plant
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growth and improves the quality of the forage crop
[15].
Nitrogen fertilizer is used to enhance the crop
yield in different agricultural systems. To meet the
increasing food requirements of world population,
the consumption of nitrogen fertilizer is also rapidly
increasing in past few decades [16]. Increase in
worldwide cereal production is directly related to
nitrogen fertilizer application. In bread wheat, nitrogen fertilizers have been extensively used to
increase grain protein content and grain yield [17].
In most countries, Nitrogen is applied to crops in
the form of urea, anhydrous ammonia, ammonium
nitrate and ammonium sulphate [12, 18].
Besides commercial mineral forms of nitrogen, farmyard manure is also an important source
of nitrogen fertilization [19, 20]. Due to their solubility, mineral nitrogen fertilizers are easily assimilated by crops. Both ammonia and urea are converted into nitrate (NO3) but their conversion depends
upon the nature of soil and also on climatic conditions [21]. Whether we provide organic or inorganic
nitrogen to the plants, nitrate (NO3) is always the
main source of nitrogen for most crop plants [22].
Among all known solid nitrogen fertilizers, urea has
the highest content of nitrogen [23].
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roplast where nitrite reductase enzyme (NiR) reduced it into ammonium [28]. Ammonium, coming
from reduction of nitrate and from recycling of
amino acids or photorespiration, is generally assimilated in chloroplast/plastid by a GS/GOGAT cycle
[29]. To form glutamine, ammonium is fixed by
glutamine synthetase (GS) on a glutamate molecule. Next step is accelerated by the enzyme named
glutamine 2-oxoglutarate amino transferase, also
called glutamate synthase or GOGAT. In this step,
glutamine reacts with the 2-oxoglutarate and as a
result two molecules of glutamate are formed [30].
Remobilization of nitrogen has been calculated in different species of plants with the help of
PHWKRG FDOOHG µDSSDUHQW UHPRELOL]DWLRQ¶ 7KURXJK
this process, total amount of N present in various
plant organs at different developmental stages, has
been determined by 15N long-term labeling [31]. In
cereals 15N labeling shows that grain filing stage of
plant is critical because during seed filling and plant
maturation the uptake and fixation of nitrogen start
decline [32]. 15N remobilization and nitrogen fluxes
experiments showed that leaf stalks, leaf blades,
shank, cob and husk successively serve as nitrogen
sinks and nitrogen sources. To meet the high demands of the seed, N-uptake and assimilation generally become insufficient during the grain filling
stage. So, to route N to the seed numerous remobilization steps are required that occur successively in
different plant organs [33]. Nitrogen (N) remobilization also depends on the environmental conditions [34, 35].

Nitrogen Utilization in Plants. Nitrogen (N)
is an important element essential for the development and growth of plants. It is the main constituent
of protein, DNA, RNA, chlorophyll, ATP, cytokinin and auxins [18, 24]. The idea of nitrogen use
efficiency has been generally used to describe the
plant responses against various levels of available
nitrogen [25].
The use of nitrogen by plant comprises of different steps including N uptake, assimilation, translocation, remobilization and recycling. First step to
boost nitrogen use in any plant is the optimum
uptake of nitrate. Various physiological studies
indicate that active uptake of NO3 from soil, require combine activities of many high affinity and
low affinity transporter systems. The HATS [high
affinity transport system] is used preferentially at
low concentrations ( ȝ0±1 mM), while LATS
[low affinity transport system] works at high external nitrate concentrations above 1 mM [26]. Once
plants taken up nitrate, it must be transported across
different plant cells and spread in several tissues.
For the long distance transport of NO3- (root to
shoot), AtNRT1.5 gene is involved. This gene is
present on the cell membrane of root pericycle
cells, close to the xylem [27]. Nitrogen assimilation
involves the reduction of nitrate into ammonium
(NH4+), ammonium then further assimilated into
amino acids. Reduction of nitrates (NO3-) occurs
both in shoots and roots. Reduction of nitrate into
nitrite occurs in cytosol. This step is accelerated by
an enzyme called nitrate reductase (NR). After
reduction, nitrite (NO2-) is transported to the chlo-

MATERIALS AND METHODS
Numerous diagnostic tools and techniques
have been established with the intention of helping
wheat farmers for planning variable and adopted
nitrogen rates. Some of these are as follow.
Chlorophyll Meter [SPAD]. Several current
studies have focused on using chlorophyll meter to
measure nitrogen status in different crop plants
[particularly in wheat] because of their quick action, reasonable cost and probability [36]. However,
different factors may affect the chlorophyll reading
like soil water, cultivars, plant growth stage, and
nutrient deficiency (other than N). In order to obtain reliable measurements different methodologies
have been proposed. Results are better if SPAD
readings were taken around the leaf midpoint
[avoiding region of midrib] [36, 37]. A hand held
light weight, self-calibrating, and convenient deviceSPAD-502 chlorophyll meter was established by
the soil plant analysis development (SPAD) unit of
the Minolta Camera Co. This device is used to
measure the concentration of chlorophyll found in
plant leaves [38, 39]. The SPAD meter measure the
optical density at two wave lengths, convert them in
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in visible region. The reverse of it is happen in
vegetation under stress. NDVI index has no units
and give values ranging from 1 to 21. Normally the
NDVI values of healthy vegetation, at the beginning of growing season, will increases as plant
cover increase, reach sometime at its maximum
value during the mid of growing season and will
then start decreasing as the season comes to its end
[45].

to digital signals and then into a SPAD value [38].
Portion of leaf is being held within a little chamber
(
mm), the meter emit light from two
diodes. One of them producing peak near wavelength of 940 nm (infrared) and the other one producing a peak near wavelength of 650nm (red).
Since chlorophyll concentration in leaves is positively correlate with leaf nitrogen concentrations
(chlorophyll largely made up of N containing enzymes), the SPAD estimations can linked to foliar
nitrogen through regression equation and thus used
as a quick diagnostic tool [40].

Spectrophotometry. It is a Lab based method. In this method, large quantity of water is taken
and filtered to concentrate the chlorophyll containing organism. Cells are then ruptured. The extraction of Chlorophyll from disrupted cell into Acetone is done. The extract is then analyzed by spectrophotometric method. It includes Transmittance
and reflectance of light, which gives the chlorophyll
content [46].

Normalized Difference Vegetation Index
[NDVI]. Normalized Difference /Vegetation Index
(NDVI) is a satellite product used to measure green
vegetation of an area [41]. It has been used to monitor crops and estimate crop yield since early 1980s
[42]. NDVI works on the principle that growing
plants strongly absorbs radiation/ in the visible
region (VIS) of the spectrum while they strongly
reflect radiation in the near infrared (NIR) region
[43]. The Green-Seeker [hand held optical sensor
unit] is an instrument used for crop consulting and
research gives accurate measurements and data
logging of NDVI and NIR of the plant material.
The sensor use light emitting diodes to generate
near-infrared and red light. This generated light is
then reflected and measure by photodiode present at
the front of sensor head. The unit produces light at
two different wavelengths and calculates the light
reflected off the crop plant. Microprocessor present
within the sensor analyses the reflected light and
gives results [44]. Green and healthy vegetation
contain high chlorophyll pigment causing high
reflection in near-infrared region and low reflection
  
 





 
 



Kjeldahl Digestion and Dumas Combustion. Kjeldahl method was suggested by Johan
Kjeldahl in year 1883. It is considered as a most
used and appropriate method for nitrogen determination in wheat [47]. This method is also wellknown as Kjeldahl digestion and has been broadly
used for N estimation on grain, manure, food and
beverages, polluted water and plant tissue. It is used
as a reference laboratory method for biological
sample N assessment [48, 49]. This method can be
divided into following three steps:
1) Wet digestion. In wet digestion a sample is
mixed with a relative amount of a conc. acid mostly
sulphuric acid (H2SO4) in a Kjeldahl flask. Then to
clarify the resulting mixture constantly heated it.
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FIGURE 1
Steps involve in Kjeldhal process
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dure, the use of microwave and ultrasound energy
has been reported. It improves the working by
dropping digestion time to 7 mint as compared to
3mint for classical Kjeldahl. To substitute the distillation system ultrasound energy has been used to
stimulate a chemical reaction between the digestion
mixture and alkaline reagent, as proposed by [57].
For total nitrogen determination Jean Baptiste
Dumas proposed combustion method in 1831 [58].
This method overcome the deficiencies of Kjeldahl
method and used as a reference method for N
determination. The Dumas combusion consists of
following steps.
1: Weigh the sample in to a tin capsule
2: Then heat the sample at temperature
ranging between 800±1,000 °C. Add pure oxygen
to accelerate combustion.
3: Water vapors produced as a by-product removed either through perchlorate trap [59] or thermoelectric cooler [52].
4: Then nitrogen oxides are reduced in to gaseous N2 in a reduction heater, where gases are
passed through the pure fillings of copper.
5: In the next step ramnant gases are separated
so that concentration of gaseous N can be measured.
6: Final step is the measurement of N concentration. For this purpose thermal conductivity detector is used. In this chamber gases are separated on
the bases of their difference in thermal conductivity.

The input of heat should as high as necessary to
bring 250 millilitre of H2O to a continuing boil in 5
min at 25 °C. The final result is an ammonium
sulphate [NH4]2SO4 solution.
2) Distillation. Next process is distillation in
which kjeldahl flask is joined to a water condenser.
Ammonium ion is converted into ammonia by the
addition of sodium hydroxide (NaOH) into the final
digestion solution. To release ammonia gas into the
condenser, we heat the solution and then it is collected in a flask containing receiving solution (sulphuric acid or hydrochloric acid, boric acid).
3) Ammonium estimation. As the nitrogen
content of the sample is directly proportional to the
ammonia concentration, so it is essential to determine the amount of ammonia. The most popular
method for this purpose is titration. Reagents used
in this process is analysed by Michelowsky and
collaborators [50].
Different catalysts are added in order to enhance a digestion process. For example potassium
sulphate is used to increase the boiling point of
digestion mixture; mercuric oxide or selenium is
used to accelerate decomposition of organic compounds. Kjel-tabs contain potassium sulphate along
with one of these catalysts [51].
There are some disadvantages of Kjeldahl
method. This method cannot measure nitrogen in
the form of nitrite and nitrate instead only nitrogen
present in organic components i.e. nucleic acids,
proteins, amino acids and ammonia is determined.
So, we processed biological samples before the
process of digestion so that nitrate and nitrite is
reduced into ammonia [52].
Different techniques have been proposed by
some researchers to determine ammonia in addition
to titration but these techniques are time consuming
[53]. Indophenol colorimetric method was proposed
by Clifton and Clifton for ammonia determination
[54]. For the detection of ammonia, Colorimetry is
considered as one of the most used method as reported by Handson and Shelley [55]. This is also
used in another method called Technicon AutoAnalyzer method. To extract ammonia through this
method regular flow injections are used and to
determine its concentration indophenol colorimetry
is used [56]. However, the reagents used in colorometric method are carcinogenic, to avoid these
reagents and to obtain better sensitivity, Pontes and
collaborators [57] preferred ion chromatography.
This method has a drawback that it is very expensive because of the rapid deterioration and high cost
of the ion exchange columns [55]. Another method
for ammonia determination is diffusion conductimetry which gives best performance compared to
titration and colorimetry [52, 53].
Researchers have made further modifications
to improve digestion process. In Kjeldahl proce-

CONCLUSION
In order to sustain economic balance and
avoid pollution caused by nitrates, we have to identify those wheat genotypes that are able to efficiently use nitrogen. So it is very essential to correctly
measure the nitrogen content. From above review it
is clear that for laboratory determination of N,
Kjeldahl method is considered as an appropriate
method. The drawback of this method is that it is
very expensive and time consuming. So, measuring
N content through chlorophyll meter SPAD is best
in field method of nitrogen determination. The
advantage of this method is that it is non destructive
and time saving.
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coal resources. Relevant exploration practices confirm that the coal geological exploration must adhere
to the principle of “mainly based on coal, comprehensive exploration, and comprehensive evaluation”, and fully utilize and reasonably protect the
main mineral resources, and do a good job of exploration and evaluation of other mineral resources coproduced with coal [3]. Unconventional coal in coal
is the main component of unconventional natural gas
resources [4 - 6]. At present, in addition to the commercial development of coalbed methane and tight
sandstone gas in unconventional natural gas from
coal-based coal in China, shale gas, natural gas hydrates and other resources Not yet in the initial stages
of evaluation and exploration. Therefore, a large
amount of research work still needs to be done in
terms of its accumulation mechanism, preservation
and enrichment conditions, and resource evaluation
conditions.

,=4. .3,<,.>0<4=>4.= :1 >30 .:,7-0,<492
<:.6=><,>?8Coal-bearing strata in China are characterized by a rich source of sediments, strong rock
cycles, high organic matter content, type III kerogen,
and significant structural thermal evolution [7]. The
above characteristics provide favorable conditions
for the unconventional natural gas in the coal-bearing strata, such as good source of gas and gathering
power. The symbiotic combination and co-exploration potential of various mineral resources in coal
measures, including gaseous forms of coalbed gas,
shale gas, tight sandstone gas, etc.; liquid form of
coal into oil; solid form of oil shale, uranium, plutonium, alumina Minerals such as kaolin and other
metal or non-metallic deposits and special solid-state
forms of natural gas hydrates (Figure 1).

Over the past century, fossil fuels have provided the majority of China’s energy. There is a long
coal accumulating time, widely distributed coal
measure strata, and large coal accumulating area in
China. Characteristics of coal measure strata like
high organic matter content, strong cyclicity of the
sediments, main kerogen of  type, rich terrigenous
materials, and multi-period teclonothermal evolution
set a good foundation for development of unconventional gas in coal measure strata. However, their extensive utilization leads to a shortage and environmental pollution. The primary objective of this paper
is to review the potential studies pertaining to coal
measure strata like coalbed methane, shale gas, tight
sandstone gas and natural gas hydrates, and several
scientific issues and development trend for comprehensive study. With additional financial and political
support and advanced research facilities, research on
this in China is progressing rapidly but is still in its
early developing stage, thus, future work should be
undertaken with greater diligence.


(&!"
Coalbed methane, shale gas, tight sandstone gas, Natural
gas hydrate, Exploration, Environmental impact

#!$#
China’s coal resources are abundant and widely
distributed. In the current state of resources and economic development stage, the pattern of coal as a
basic energy source will not change for a long period
of time. We will vigorously develop unconventional
gas including coal bed methane and shale gas. The
natural gas industry is a realistic choice for China’s
energy structure adjustment [1, 2]. For a long time,
the exploitation and utilization of coal resources in
China has been limited to coal single minerals. This
not only poses great pressure on the safety production and environmental protection of coal mines in
China, but also a huge waste of multiple values of

,=4.3,<,.>0<4=>4.=:1$9.:9@09>4:9,7,=
49 :,7 0,=?<0= :,7-0/ 80>3,90 
Coalbed methane (CBM) is an important type of unconventional gas. Commercial development of CBM
in America has been very successful since the 1980s.
The CBM industry in Australia and Canada has developed rapidly during the last decade. Commercial
development of CBM in China started in the 1990s,
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and has made great progress. The geological theory
of CBM in China has achieved great advancement in
genesis, occurrence and accumulation. On the aspect
of CBM genesis, five CBM genetic types (primary
biogenic gas, secondary biogenic gas, thermal degradation gas, pyrolysis gas and mixed gas) are identified by studying the geochemical characteristics of
CBM, and a tracing indicator system is established.
The discovery of secondary biogenic gas in mediumhigh rank coal reservoirs has widened the potential
of CBM resources. On the aspect of CBM occurrence, the gas adsorption regulation under combined
action of temperature and pressure is revealed by
conducting adsorption experiments of different coal

ranks under varying temperature and pressure conditions. Besides, by applying the adsorption potential
theory in CBM research, the adsorption model under
combined action of temperature and pressure is established. The new model can predict CBM resources accurately, and overcome the limitation of
the traditional Langmuir model which uses just a single factor to describe the adsorption characteristics
of deep buried coal [8-11]. On the aspect of CBM
accumulation, it is proposed that there are three evolutionary stages during CBM accumulation, including gas generation and adsorption, unsaturated gas
adsorption, gas desorption-diffusion and preservation [12].

$! 
:,7-0,<492=><,>,.:8;<0309=4@08490<,7<0=:?<.0=


$! 
:8;,<4=:9:1>30.:8;:=4>4:9:1,9/.:9@09>4:9,72,=* +

8666

$#

! %  









!"  ! 



$! 
B;0<4809>,717:A.3,<>* +
CBM is mainly composed of CH4, secondarily
heavy hydrocarbon (C2+), N2, CO2 and other minor
composition including Ar, H2, He, H2S, SO2, and CO
[13]. Based on the composition of 358 CBM samples
from different geological time and coal ranks, Zhang
et al. [14] discovered that the CH4 content ranged
from 66.5% to 99.98% and generally between 85%
and 93%. The CO2 content ranged from 0 to 35.6%
and generally below 2%. The N2 content varies
greatly but generally below 10%, and heavy hydrocarbon content varies with coal ranks. Scott and
Zhou [15] revealed that the CBM compositions and
their average contents are 93.2% CH4, 2.6% C2+, 3.1%
CO2, and 1.1% N2, according to their analysis of 985
gas samples from CBM wells in America. However,
conventional natural gas is composed of CH4, C2+,
CO2, N2, H2S, H2, He, and Ar. The CH4 content is
generally 85%-100%. The change of composition
content varies with the type of organic matter in
source rocks and the degree of thermal evolution. It
is inferred that the CH4 content is higher in CBM,
usually dry gas or super dry gas (Fig. 2).
To enhance desorption of coalbed methane and
increase extraction efficiency, a technique using microwave irradiation is proposed by Zhijun Wang et
al. [17]. Methane desorption experiments without
and with microwave irradiation were carried out in
the laboratory using an experimental system developed to study methane desorption. The experimental
results show that microwave irradiation causes the
total quantity of methane desorbed to increase from
1.91 to 3.92 times larger than the quantity desorbed
without MI. Two hour trials were performed, applying microwaves for 4, 8 or 16 min, equivalent to output energies of 192, 384 and 768 kJ. These results
show that 1 kJ of microwave energy can cause methane desorption to increase by 0.0088 ml per gram
of coal. Under successive microwave irradiations of
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40 s, the desorption rate increases by a factor of 10.2.
Kinetic analysis also found that microwave irradiation enhances the methane diffusion coefficient and
decreases the attenuation coefficient. Regardless of
which diffusion model is used to determine the diffusion coefficient, the quantity of gas desorbed increases as the microwave irradiation time increases.
The pore and surface features of coal samples exposed to microwaves were determined by using mercury intrusion porosimetry and nitrogen adsorption
and specimens were examined by scanning electron
microscopy. Methane desorption evidently results
from both the microwave thermal effect and structural damage to the coal. The results reported herein
reveal the mechanisms that promote methane desorption by microwave irradiation and suggest a new
field technique for extracting coalbed methane.
In order to investigate the effect of coalification
on coal macromolecular structure, the combination
of Raman spectroscopy and low-pressure N2 gas adsorption (LP-N2GA) was adopted by Xianfeng Liu
et al. [18] to explore the chemical and physical characteristics of selected samples ranging from bituminous C to anthracite. Raman structural parameters,
including band position, band area ratio (AD1/AG)
and band position difference (G-D1) of G band and
D1 band were derived from curve-fitting analysis.
Methane adsorption properties of these samples were
measured, and correlations between these Raman parameters and coalbed methane adsorption capacity
(VL) were also established. The results indicate that
D1 band generally shifts to the lower wavenumbers
decreasing from 1365 cm−1 to 1339 cm−1, while G
band shifts to higher wavenumbers ranging from
1578 cm−1 to 1609 cm−1 with increasing coal rank.
The values of G-D1 increase, but the band area ratio
(AD1/AG) declines with the increase of Ro. Pore parameters, including the BET SSA and pore volume,
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compared with COMET 3D and evaluated and it
could be exclusive software for CBM reservoir simulation.
Most coal seams hold important quantities of
methane which is recognized as a valuable energy
resource. Coal reservoir is considered not conventional because methane is held adsorbed on the coal
surface. Coal is naturally fractured, it is a dual-porosity system made of matrix blocks and cleats (i.e
fractures). In general, cleats are initially water saturated with the hydrostatic pressure maintaining the
gas adsorbed in the coal matrix. Production of coalbed methane (CBM) first requires the mobilization
of water in the cleats to reduce the reservoir pressure.
Changes of coal properties during methane production are a critical issue in coalbed methane recovery.
Indeed, any change of the cleat network will likely
translate into modifications of the reservoir permeability.
François Bertrand et al. [21] made the formulation of a consistent hydro-mechanical model for the
CBM production modeling. Due to the particular
structure of coal, the model is based on a dual-continuum approach to enrich the macroscale with microscale considerations. Shape factors are employed
to take into account the geometry of the matrix
blocks in the mass exchange between matrix and
fractures. The hydro-mechanical model is fully coupled. For example, it captures the sorption-induced
volumetric strain or the dependence of permeability
on fracture aperture, which evolves with the stress
state. The model is implemented in the finite element
code Lagamine and is used for the modeling of one
production well. A synthetic reservoir and then a real
production case are considered. To date, attention
has focused on a series of parametric analyses that
can highlight the influence of the production scenario or key parameters related to the reservoir.
To improve the efficiency of CBM exploration,
Xin Li et al. [22] investigated CBM accumulation
and dissipation patterns of coal profiles located in the
northwestern, southern, eastern, and central Junggar
Basin based on the following criteria: burial depth,
hydrogeological zone, CBM origin, CBM phase, and
CBM migration type. We identified four types of
CBM accumulation patterns: (1) a self-sourcing
CBM pattern containing adsorbed gas of biogenic
origin from shallow-depth coal within a weak runoff
zone; (2) an endogenic migration pattern containing
adsorbed gas of thermogenic origin from the medium and deep coals within a stagnant zone; (3) an
exogenic migration pattern containing adsorbed gas
of thermogenic origin from deep coal within a stagnant zone; and (4) an exogenic migration pattern
containing adsorbed and free gas of thermogenic
origin from ultra-deep coal within a stagnant zone.
We also identified two types of CBM dissipation patterns: (1) shallow-depth coal within a runoff zone
with mixed origin CBM; and (2) shallow and medium-deep coal seams with mixed origin CBM.

show a polynomial relationship with G-D1, but a reduction for AD1/AG. The increase of graphitization
and the order degree of aromatic structures in coal
can enhance the porosity in coal. The evolution of
coal macromolecular has significant impact on methane adsorption, which displays a U-shape correlation with Raman parameters. Coalbed methane adsorption is not only related to the physical structures,
but also to the chemical characteristics, which should
be taken into account in practice.
To improve the extraction efficiency and capacity of coalbed methane (CBM) to the greatest extent possible, Tang et al. [19] explores the effects of
the internal mechanism of low-temperature oxidation of CBM reservoirs during CBM extraction. The
evolution of the porosity and the methane adsorption
and desorption characteristics of the coal matrix during low-temperature oxidation were separately explored using a nuclear magnetic resonance (NMR)
spectrometer and a high-pressure gas adsorption analyzer (Fig.3). Moreover, the internal evolution
mechanism was determined using gas chromatography and the experimental data of the proximate
analysis parameters. This study shows that with an
increase in the degree and temperature of low-temperature oxidation of CBM reservoirs, the moisture
and volatile matter inside the coal matrix continuously decrease. This causes the number of pores with
different diameters, porosity, and permeability in the
coal matrix to be greatly improved, while the width
and quantity of the flow channels for CBM increase
synchronously. As a result, the resistance to CBM
extraction declines and its efficiency improves. With
constant CBM extraction, the maximum methane adsorption capacity of the coal matrix decreases,
whereas the methane desorption capacity increases,
under low pressures (lower than 1.74 MPa) owing to
changes in the structures and quantities of pores inside the coal matrix. As a result, the maximum extraction capacity for CBM is improved. Finally, to
guarantee CBM extraction safety and maximize its
extraction capacity, it is necessary to control the temperature of the borehole used for extracting CBM to
approximately 80 °C.
Coalbed methane (CBM) reservoir simulation
is vital in CBM development. Production of CBM is
controlled by a three-step process: gas desorption
from the coal matrix, gas diffusion to the cleat system, and gas flow through fractures. This process
follows the Langmuir's law, Fick's first law and Darcy's law. In this work, Myong Guk Yun et al. [20]
suggested a three-dimensional, dual-porosity, twophase, pseudo-steady, non-equilibrium sorption
mathematical model for overall progresses from desorption to flow by the help of petroleum reservoir
numerical simulation method and this complex
mathematical model is approximated and solved by
finite-difference and fully implicit method. The
CBM reservoir simulation software, CBMRS 1.0 in
Korean interface was developed by C++. It was
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natural gas resource. Due to its abundant amount of
resources and widespread distribution, in recent
years shale gas has become a hot area of energy mineral research [24-28]. In particular, the great success
of US shale gas exploration has triggered a global
shale gas exploration boom. North American shale
gas reservoirs are mainly high-quality marine shale
and rich siliceous shale, with high organic matter
content mostly in the mature-over mature stage,
dominated by thermogenic gas, followed by biogenic gas. Shale has a shallow-moderate depth, with
a relatively high adsorbed gas content. Shale reservoirs show a high brittle mineral content and low
clay mineral content with the development of cracks,
which are very conducive to the development of
shale gas. In biogenic gas basins, the early cracks
were connected to air, fresh water and shale to generate biogas, while the late cracks became the main
storage space for natural gas, thereby providing a
good transportation system for natural gas mining
[29-33].
In onshore China, three types of organic-rich
shale are extensively developed, i.e. marine, continental and transitional phases. Numerous Chinese
scholars have divided the organic-rich shale into the
three types of marine thick-layered organic-rich
shale, marine-continental transitional and continental coal-measure organic-rich shale, and lacustrine
organic-rich shale [34]. Overall, China possesses the
basic geological conditions for forming a large
amount of shale gas [35].
The continental shale gas resources in China
are mainly distributed in the thick-layer lake facies
organic-rich shale of the Mesozoic depression basins,
such as the Songliao Basin, Ordos Basin and Sichuan
Basin, as well as the Cenozoic fault basins, such as
the Bohai Bay Basin. The lake facies shale is characterized by large accumulated thickness, diversified
organic matter, high organic matter content, low
thermal evolution degree, low brittle mineral content,
high clay mineral content, rich reserving space, good
storage conditions, high resource abundance, and
good surface conditions [36-40].
Shale gas in nonmarine facies has attracted less
interest compared with the marine facies. The Ordos
Basin is one of the Jurassic nonmarine continental
coal basins in northern China. Several exploration
wells have revealed the existence of shale gas resources in the Middle Jurassic Yan’an Formation in
this basin. The Yan’an Formation is the coalmeasures in this basin, dominated by an intercalation
of siliciclasitcs and thick coals, and the shales were
mainly developed in the fluvial, lacustrine and lacustrine delta environments. The shales are multi-inerlayered with sandstones and coals, and have an unstable horizontal distribution. characterized by a
small thickness of individual layer (ranging between
0.1 m and 34.77 m), and large thickness of the total
cumulative layers (up to 380 m). The shales have intermediate to high contents of total organic carbon

CBM migration in low-rank coals was more substantial than that adsorbed in high-rank coal. CBM in
shallow coal could easily escape, in the absence of
closed structures or hydrogeological seals. CBM reservoirs occurred in deep coal where oversaturated
gas may accumulate. Future exploration should focus on gas-water sealing structures in shallow coalbeds. CBM that occurred in adsorbed and free phases
and other unconventional natural gas dominated by
free gas in the coal stratum should be co-explored
and co-developed.
So far we have highlighted the engineering
challenges for CBM development in China. Major
challenges come from the focus on developing highrank coals which have low permeabilities and underpressured formations. Their ductile nature also
makes them difficult to conduct hydraulic fracturing.
Another challenge is suboptimal hydraulic fracturing
fluids in vertical wells. Horizontal wells are plagued
by formation damage during drilling and borehole
instability during drilling or production. In addition,
a lack of systematic method to treat produced water
also hampers commercial CBM development in
many CBM basins which are located in regions with
scarce water resources. Finally, there are challenges
in artificial lift, as rod pumps experienced frequent
failure due to its inability to handle coal fines and
gas-locking. Use of PCP improved well performance
but frequent pump failure is still reported.
One major opportunity for CBM development
in China is a refocus on low-rank coals which generally have higher permeability and shallower buried
depths. Indeed, there is an abundance of low-rank
coals in China. Their higher permeability may reduce the need for hydraulic fracturing in vertical
wells, although drilling horizontal wells in shallower
depths will be more challenging.
Another opportunity is the development of nonformation damaging drilling techniques such as formation-compatible drilling fluids or better unbalanced drilling techniques. Since CBM reservoirs, in
general, has a low permeability, formation damage
control is of paramount importance. A better understanding of the geomechanics to handle borehole instability will also help.
Development of improved fracturing fluids is
another opportunity. The ductile nature of China’s
CBM formations may require the use of viscous fracturing fluid. Experience in the US shows that a crosslinked gel may perform better in ductile formations.
Better selection and operations of artificial lift methods especially PCP to reduce pump failure rate will
also be beneficial. Finally, since many Chinese CBM
basins are located in areas where water resources are
scarce, better ways to handle and treat produced water are needed so that produced water can be reused
[23].

:,780,=?<0==3,702,=Shale gas is a selfgenerating and self-preserving unconventional
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were developed, including intergranular pore
(29.08%), dissolution pore (30.18%), organic pores
(16.74%), intragranular (10.56%), inter-crystalline
(4.94%) and microfracture (8.5%), which provide
reservoir space for the accumulation of shale gas.
Gas generation capability from the Longtan Formation shale is relatively betterand its main gas
content can be 1.0-3.0 m3/t.
Cao Daiyong et al. [43] studies the hydrocarbon
generation and expulsion capacity and preservation
conditions of shale gas in coal measures, discusses
the development features and distribution rules of
shale in China's coal measures. The research indicates that the main characteristics of coal shale are as
follow: humus type(type III) of kerogen is predominant, H/C is lower and TOC is higher than that of the
usual shale; the low efficiency of oil generation
which gives priority to long-term gas generation, difficult and hysteretic gaseous hydrocarbon expulsion,
low efficiency of expulsion hydrocarbon and large
volume of residual hydrocarbon because of the nature of organic matter; coal seam is not only good
source rock, but also is cap-rock with good sealing
ability for underlying layers. Therefore shale in coal
measures holds favorable ability of gas accumulation
and enrichment potential.

:,7 80,=?<0 #423> =,9/=>:90 2,= Tight
sandstone gas has become one of the key targets in
the current global natural gas exploration [44–46],
and it has attracted a lot of attention in the petroleum
field [47-48]. The tight sandstone gas and its mechanism of migration and accumulation have been researched for a long time. Since foreign researchers
have successively proposed the concepts of tight
sandstone gas, deep basin gas, and basin–center gas
[49], many researchers have carried out physical
modeling of the percolation mechanism and accumulation process focusing on the deep basin gas or basin–center gas [50], which has the characteristic of
gas–water inversion.
Tight sandstone gas from coal-measure source
rock is widespread in China, and it is represented by
the Xujiahe Formation of the Sichuan Basin and the
Upper Paleozoic of the Ordos Basin. It is affected by
planar evaporative hydrocarbon expulsion of coalmeasure source rock and the gentle structural background; hydrodynamics and buoyancy play a limited
role in the gas migration-accumulation in tight sandstone. In ShizhenTao’s [51] study, under the conditions of low permeability and speed, non-Darcy flow
is quite apparent, it gives rise to gas-water mixed gas
zone. In the gas displacing water experiment, the
shape of percolation flow curve is mainly influenced
by core permeability. The lower the permeability,
the higher the starting pressure gradient as well as
the more evident the non-Darcy phenomenon will be.
In the gas displacing water experiment of tight sandstone, the maximum gas saturation of the core is generally less than 50% (ranging from 30% to 40% and

(ranging from 0.24% to 5.82%) and low thermal evolution degree in an immature-mature stage. The gas
is mainly of biogenic origin, with relatively small
fraction of thermogenic origin. The mineralogy investigation revealed that the shale have a lower content of brittle minerals and a high content clay minerals. The pore types are dominated by dissolution
pores, intergranular pores, intragranular holes and
micro cracks, and few organic holes can be seen. The
porosity and permeability are low, with significant
reservoir heterogeneity. The gas content in this nonmarine shale is low, dominated by adsorption phase.
The shale gas in this basin were generally/enclosed
within the groundwater flow closure zones, where
the groundwater salinity is relatively low. The development characteristics of the shale and shale gas
were also controlled by the depositional facies, and
the conditions for hydrocarbon generation, reservoir
performance, and gas preservation, can be favorably
developed in the lacustrine facies, followed by the
lacustrine delta facies, while the conditions in the
fluvial facies are relatively poor. Although the resource potential of shale gas in the nonmarine continental coal-measures is lower than that of the marine
facies, the shale gas, coal, coalbed methane, and tight
sandstone gas often coexist in the continental coal
basins which may support a more prospect energy
scenario. Therefore, comprehensive exploration and
collaborative development of the shale gas, coalbed
methane and tight sandstone gas in the continental
basin may be an ideal way to synthetically utilize the
continental coal-measure gases [41].
Combined with the shale distribution and geological characteristics of marine-terrigenous facies
coal measures in the Yangtze area, taking the Permian Longtan Formation in South Sichuan Basin as
example. Zhang et al. [42] investigated the accumulation conditions and the reservoir characteristics of
marine-terrigenous facies coal measures shale gas
using many experimental methods, such as organic
carbon, Rock-eval pyrolysis, maceral identification,
X-ray dif-fraction (XRD), scanning electron microscope (SEM), high pressure mercury injection, low
temperature gas sorption, etc. The results show that
the marine-terrigenous facies coal measures shale
has the features of rapid vertical-lateral variation,
huge cumulative thickness ( mainly over 100 m),
small individual thickness ( generally  40 m), and
commonly accompanied with coal bed, limestone
and tight sand. The marine-terrigenous facies coal
measures shale from Longtan Formation in South Sichuan Basinwhich featured with high organic matter abundance ( TOC = 0. 85% -35.70%, average
6.73% ), mainly with humic type organic matter,
high-over thermal evolution level, rich in clay minerals content, and relatively low brittle minerals content. The shale reservoir fracturing from Longtan
Formation is worse than that of marine shale. The
porosity of the Longtan Formation shale in South Sichuan Basin is mainly over 3%. Many types of pores
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hydrate resources have a more diverse distribution
geographically and exist in a far greater amount than
both conventional and other unconventional resources combined, which ignited the interest of various research groups around the world. The research
activities on natural gas hydrates based on publications, subject area and countries are summarized in
Fig. 4. As can be seen in Fig. 4A, the research activity on natural gas hydrates began to gain attention
after the 1960s and has been on an increase ever
since. After several field test activities done around
1995, there has been an exponential growth on the
research publications over the past 20 years from different subject area. The summary of published research work according to country (Fig. 4B) shows
that a total of 82 countries have been involved in research works on hydrate area, with more than 50%
of these published works originated from the top 3
countries: the United States, China and Japan.
NGHs are generally coexist with free water
or/and free gases. Based on the difference of coexistence of NGHs, free water or/and free gases, the
NGHs reservoirs are generally divided into three
classes. Fig. 2 gives Sketch diagram of Classes 1, 2,
and 3 hydrate reservoirs [55]. As shown in Fig. 2,
Class 1 is that one hydrate bearing layer (HBL) covers on a two-phase fluid zone with free gas. In Class
1, the saturation of hydrates distributing in pore
spaces is high enough, making the effective permeability of HBL relatively low. From the point of overall construct, the bottom of HBL is generally also the
bottom of the hydrate stability zone. Because the

averaging at 38%); it is similar to the actual gas saturation of the gas zone in the subsurface core. The
gas saturation and permeability of the core have a
logarithm correlation with a correlation coefficient
of 0.8915. In the single-phase flow of tight sandstone
gas, low-velocity non-Darcy percolation is apparent;
the initial flow velocity (Vd) exists due to the slippage effect of gas flow. The shape of percolation
flow curve of a single-phase gas is primarily controlled by core permeability and confining pressure;
the lower the permeability or the higher the confining pressure, the higher the starting pressure (0.02–
0.08 MPa/cm), whereas, the higher the quasi-initial
flow speed, the longer the nonlinear section and the
more obvious the non-Darcy flow will be. The tight
sandstone gas seepage mechanism study shows that
the lower the reservoir permeability, the higher the
starting pressure and the slower the flow velocity
will be, this results in the low efficiency of natural
gas migration and accumulation as well as low gas
saturation. The laboratory modeling on gas migration accumulation mechanism in coal-measure tight
sandstone can provide a theoretic foundation to reveal the tight sandstone gas enrichment regularity,
evaluation of prospecting area, and the study of development mechanism.

:,780,=?<0,>?<,72,=3C/<,>0= Natural
gas hydrates (NGH) are natural gas resources that
have remained stable for millions of years which
have been found since 1960s [52–54]. These ice-like
solid compounds containing hydrocarbons are present in marine and permafrost environments. Gas

$! 
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A histogram of the progress of research activity on “natural gas hydrates” or “methane hydrates” (data obtained from Scopus
database on 03-October-2014, data presented till the year 2013); (B) subject area distribution of publications; (C) country
wise distribution of publications
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investigation. Abundant phase equilibria data on gas
hydrates formed by different gas components have
been measured. According to Sun et al. [63], the hydrate formation conditions for methane and ethane
gas mixtures in the presence of 0.06 mol fraction tetrahydrofuran (THF) in water were obtained at temperatures ranging from 277.7 to 288.2 K. These researchers observed that the hydrate formation pressure decreases with an increase in the ethane concentration in a pure water system, and the variation tendency of the hydrate formation pressure is the opposite with the presence of 0.06 mol fraction THF in
aqueous solution. Moreover, the presence of THF in
water can distinctly lower the hydrate formation
pressure in most cases. However, when the ethane
composition is as high as 0.82, it is more difficult to
form hydrate in water with THF than without it, because it is easier for a methane molecule than an
ethane molecule to occupy the smaller cavity of the
hydrate structure at moderate pressure. Therefore,
THF inhibits ethane hydrate formation while promoting methane hydrate formation. This result suggests a possible method to increase the efficiency of
methane and ethane separation. In addition, Ma et
al.[64] acquired hydrate equilibria data for systems
containing hydrogen, methane, ethane and ethylene,
both with and without THF in water and observed
that hydrogen was efficiently separated from pure
methane and gas mixtures of methane and nitrogen
by forming a hydrate. In addition, the separation efficiency for hydrogen+methane gas mixtures in pure
water and aqueous solutions with THF were examined under different temperature, pressure, and feed

thermodynamics of Class 1 is quite close to the equilibrium of NGH, it is considered to be the most suitable NGH reservoir for natural gas production because only quite small energy is needed for the
NGHs dissociation. The typical Class 1 NGHs are
proven in Messoyakha Field in Russia, Sagavanirktok Formation in Alaska [56]. Class 2 is that
one HBL covers on a mobile water zone, while Class
3 is that there is only one HBL. A part of NGH reservoirs in the Eastern Nankai Trough and Mallik
sites are Class 2 [57], and most of the reservoirs in
Eastern Nankai Trough, Mallik sites and Mt. Elbert
sites are labeled as Class 3 [58–61]. In Classes 2 and
3, the hydrate interval might be rich in the range of
the hydrate stability zone, and the bottom of hydrate
interval does not mean the bottom of the hydrate stability zone. In fact, compared to Class 1 NGH reservoirs, Classes 2 and 3 NGH reservoirs are still not
well defined as gas production targets for the reasons
of initial conditions, environmental protection, economic consideration and the thermodynamic conditions of the NGH reservoirs. Besides, other one NGH
reservoir with low hydrate saturation and unconfined
geological strata is defined as Class 4, which specially and widely distributes in oceanic floor. Class
4 NGH reservoirs usually appear as nodules with
very low saturation. Therefore, Moridis et al. [62] regarded them as sparse NGHs in muds. Because of
the low NGH saturation and unconfined geological
strata, Class 4 is not a target for natural gas production till now.
Fig. 5 [63] shows the schematic of the experimental unit established in China University of Petroleum (CUP) for the gas hydrate phase equilibria
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gas composition conditions by Sun et al. [65]. The
results demonstrated that hydrogen was remarkably
enriched in the vapor phase by a single equilibria
stage with the existence of THF and that the H2 purification effect increases slightly with an increase of
the feed gas pressure. However, these hydrate equilibria data were almost all measured using the isothermal pressure and isobaric temperature searching
methods. Both of these methods rely on a searching
procedure by naked eye, which require a significant
amount of time and cause measurement errors. The
isochoric curve method, another method to measure
hydrate phase equilibria data, is significantly more
reliable and reproducible for porous media systems.
Thus, Chen et al. [66] measured the equilibria conditions of gas hydrate in several systems using the
step-heating method. Experimental hydrate phase
equilibria data of CH4/CO2+sodium dodecyl sulfate
(SDS) aqueous solution, CH4/CO2+SDS aqueous
solution+silica sand, and (CH4+C2H6+C3H8) gas
mixture+SDS aqueous solution systems were obtained. Especially for a system consisting of silica
sand, the equilibria pressure will change significantly when the particle size of the silica sand is less
than 96 µm. Using the same method, Du et al. [67]
measured the three-phase equilibria conditions of a
ternary (hydrogen+tert-butylamine+water) system.
The results indicated that the pure hydrogen hydrate
phase equilibria pressure was reduced with the addition of tert-butylamine, meaning that tert-butylamine
has effects similar to those caused by THF as a hydrate formation promoter. In addition, the concentration of the tert-butylamine solution has a significant
effect on the three-phase equilibria curve (H+Lw+
V). Furthermore, a significant amount of hydrate
phase equilibria data for various hydrate formers was
experimentally obtained by Fan et al. [68–71].

theoretical and technological breakthroughs.
It is unlikely that the conventional energy resources or coal bed methane and shale gas of the
deep importing countries of China. Taking advantage of the prevailing natural gas prices due to
shale gas revolution and reduced import financial
burdens, investments in unconventional energy technologies are justified on a national scale.
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This study aimed to determine the responses
of dry bean genotypes to different environments in
terms of yield components. The study was carried
out for five years (from 2011 to 2015 year) with a
total of 20 dry bean genotypes comprising 7 registered lines and 13 advanced lines. In the study,
years were defined as environment. Although planting varied depending on climate conditions, all
plantings during the five-year period were carried
out in May. The GGE [genotype main effect (G)
and genotype by environment interaction (GE)]
biplot graphical tool was used to analyze yield
component data. The combined analysis of variance
revealed a significant difference (P<0.01) among
genotypes, environments and genotype-byenvironment interaction for all studied traits.
In conclusion, seed yield per plant ranged
from 21.7 to 42.1 g, number of seeds per plant
ranged from 43.7 to 162.2 and 100-seed weight
ranged from 22.9 to 45.7 g. The evaluation of the
genotypes in terms of stability showed that Onceler
98, Akdag and A.27 genotypes were more stable in
terms of seed yield per plant, A.20, A.21, Onceler
98, Goynuk 98 and Zulbiye genotypes were more
stable in terms of seed number per plant and Yunus
90 was more stable in terms of 100-seed weight.
GGE biplot facilitated the visual comparison and
identification of superior genotypes according to
their yield performance.



cultural lands due to the increasing population and
uncontrolled population movements. Day by day
increasing prices of animal proteins and the hardship faced in their supply create a tendency towards
vegetable proteins. Edible Legumes are among the
best vegetable protein sources that can replace
animal proteins. Especially in Turkey, edible legume grains started to be viewed as almost as valuable as meat [1, 2] and dry bean is regarded to have a
special place amongst edible legume plants. All
kinds of changes in environmental factors including
rainfall amount and distribution, temperature
amount and impact time and topographic properties
can significantly affect the yield and yield-affecting
characteristics of dry bean [3].
Dry bean, which is easily affected by environmental conditions, are desired to respond to
every environment in a similar manner in terms of
yield and quality. It is even more important for high
yield and quality genotypes to maintain this property [4]. Plant breeders failed to lessen the responses
to environmental changes despite all their efforts.
The studies carried out by Comstock and Moll [5]
were adopted by researchers and found a broad area
of use and opened up new horizons. To clearly
determine the effects of environmental factors,
genotypes should be grown in multiple environments [6]. Choosing genotypes that can grow in
different environments and show little change in
response to environmental conditions and therefore
have high stability significantly increases the
chance of success. Some researchers explained
yield as a function of genotype x environment interaction and stated that environment is the main
determinant factor [7-9].
Choosing a genotype is easier in studies, if
genotype x environment interaction is determined
to be not significant; however, this does not always
occur [10]. Environment is always effective on
yield. Farshadfar [11] reported that the effect of
environment on yield was as high as 86.44%, while
the effect of genotype was 2.48% and the effect of
genotype-environment interaction was 11.08%.
Sabanci [12] stated that small environment variance

(' "#
Dry Bean, Genotype, Environment, Year, Stability, Yield
Components

$" %$ 
The changes and developments in the world
are for to determine the course of humankind. Studies are especially focused on remedying the food
deficit arising out of the destruction or loss of agri-

8677

#"

  $   

  





  !




fined as environment. Table 1 shows the results
regarding the soil samples collected from the study
areas.
As can be seen in Table 1, there aren't significant differences between the trial lands of Samsun
and Kırşehir, Turkey. The acidity of the soils varied
from neutral to slightly alkaline and the soil were
poor in organic matter and had a calcareous, clay
and loamy-clay structure [34, 35].
Table 2 shows the climate data of the study
years. Temperatures did not significantly vary
among the years, whereas there were significant
differences in terms of rainfall. These differences
are considered to affect on growth and development
of plants.
The study was carried out in four repetitions in
the randomized blocks experiment design. The
parcels consisted of 5-meter-long and 2.5-meterwide rows of 5. Parcels were arranged so that interrow spacing was 0.5 m and intra-row spacing was
0.08 m. For easy parcel maintenance, the space
between the parcels was set to 1.2 m and the space
between the blocks was set to 2.5 m. Although
planting varied depending on climate conditions, all
plantings during the five-year period were carried
out in May.

is enough for a genotype to be viewed as stable.
However, since environment variance may emerge
after a long period, especially in species with high
genetic diversity, long-term trials should be carried
on these genotypes [13]. Yadav et al. [14] reported
that environment does not only affect yield but
affect all characteristics affecting the yield. Atta
and Shah [15] stated that the effect of environment
on characteristics affecting the yield is, at least, as
much as its effect on yield and therefore emphasis
should be put not only on yield but also on all the
other characteristics affecting the yield.
This study aimed to determine the 5-year performance of dry bean genotypes in different environments in terms of certain characteristics, under
the ecological conditions of Samsun and Kırşehir,
which are in different geographical regions in Turkey.
$"#$ #

This study was carried out for five years with
20 bean genotypes comprising 7 registered lines
and 13 advanced lines. All dry bean materials
(line/varieties) used in the study were described as
genotypes. In the five-year study, years were de-
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Saturation
Power of Hydrogen (pH)
Total Salt (%)
Calcium Carbonate (%)
-1

Phosphorus (kg da )
Potassium Oxide (kg da-1)
Organic Matter (%)
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6)4?:1:
Value Grade
Value
Grade
Value
Grade
64
loamy
88
loamy
62
loamy
7.22 neutral
7.41
neutral
7.58
neutral
0.549 salty
0.079
saltless
0.478
salty
0.85
low
2.90 calcareous
4.15
calcareous
calcareous
18.0
high
21.7
high
22.5
high
34
low
125
high
31
low
1.81
low
2.43
medium
1.88
low
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6)4?:1:
Value
Grade
Value Grade
67
loamy
69
loamy
7.57
neutral
7.44
neutral
0.018
saltless
0.026 saltless
8.7

calcareous

6.37
202
1.56

medium
high
low

9.7 calcareous
7.26
214
1.68

medium
high
low
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Samsun

Months
May
June
July
August
September

Average Temperature (0C)
Long
2011 2012
2013
Term
15.0
17.5
16.7
15.4
20.6
21.9
21.4
20.3
24.3
24.0
23.8
23.3
23.4
23.0
22.6
23.5
19.8

20.1

19.7

20.0

Total Rainfall (mm)
2011

2012

2013

66.1
49.6
26.0
14.2

34.4
24.4
96.0
179.6

55.6
19.6
68.5
32.4

Long
Term
51.1
48.0
31.8
36.7

39.1

113.0

80.5

52.9

0

Kirsehir

Months
May
June
July
August
September

Average Temperature ( C)
2014
2015
Long Term
16.9
16.4
16.2
20.8
18.9
20.6
27.6
24.9
24.8
28.2
25.9
24.9

2014
46.6
36
13
17

20.1

30.4

23.8

19.6

Total Rainfall (mm)
2015
Long Term
39.2
10.7
161.4
13.9
20.6
2.9
11.8
1
1
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2.6

Average Relative Humidity (%)
Long
2011 2012
2013
Term
84.1
82.3
79.3
79.4
76.9
76.4
76.2
77.1
77.9
77.1
76.2
76.7
74.4
78.0
77.4
74.6
77.3

80.4

79.9

76.9

Average Relative Humidity (%)
2014
2015
Long Term
59.5
57.5
56.2
51.6
65.6
50.9
33.6
41.5
38.4
33.6
45.4
37.6
50.8

41.1

43.3
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34.0
39.3
22.7
26.4
35.0
58.3
43.5
19.9
38.0
40.2
40.1
10.5
41.4
28.1
 
44.9
28.0
31.1
39.3
23.0
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27.9
45.8
36.8
20.3
27.3
30.0
25.8
18.5
13.3
28.0
33.2
33.1
34.2
22.0
49.9
20.6
31.6
38.1
23.4
37.5
24.1
13.8
 
34.1
33.7
38.6
22.5
36.6
42.2
38.8
39.7
13.1
24.6
30.2
26.2
23.3
19.9
30.6
14.4
26.4
35.5
36.4

27.0
 
44.4
23.6
25.8
28.5
33.6
31.3
34.4
32.9
14.1
33.7
25.9
36.4
27.0
26.7
25.8




 
  

23,4
28,2
28,9
39,6
32,4
31,6
28,0
24,8
30,5
24,6
13,8
15,4
23,9
28,5
27,4
31,4
18,5
23,9
26,8
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The highest seed yield was obtained from the
A.349 genotype, followed by the Zulbiye genotype,
while the lowest seed yield was obtained from the
Yunus 90 and A. 40 genotypes, with 21.7 g and
20.8 g of seed yield, respectively. The evaluation of
the environments within themselves showed that,
with 35.6 g, the highest seed yield per plant was
obtained from the first environment, followed by
the third environment with 31.9 g. The lowest seed
yield per plant was 27.5 g and obtained from the
fifth environment.
Furthermore, the differences within the environments were also significant. The A.349 genotype had the highest seed yield per plant in the
second and first, second and fourth environments,
while in the third environment, the A.13 genotype
had the highest yield and in the fifth environment,
the Zulbiye genotype had the highest yield.
Environment explained 78.10% of the variance, whereas genotype and genotype x environment interaction explained 4.97% and 16.93% of
the variance, respectively. These results showed
that environment greatly affected seed yield per
plant. In their study, Hinsta and Abay [20] and
Mehari et al. [21] reported that the environment
contributed greatly to the change in yield and any
kind of change in the environment was important.
Adjei et al. [22] stated that the interaction with the
environment determined the limits of plant production. Our results are in agreement with the results
obtained by other researchers.

The first-year plantings were carried out on
May 13, the second-year plantings were carried out
on May 12, the third-year plantings were carried
out on May 18, the fourth-year plantings were carried out on May 07 and the fifth-year plantings
were carried out on May 05. During the plantings,
each parcel was fed 15 kg diammonium phosphate
(2.7 kg N da-1 and 6.9 kg P da-1) fertilizer and attention was paid to carry out simultaneous culture
maintenance applications in all areas.
Environment, genotype and genotype x environment effects were analyzed in accordance with
the randomized block design, using the proc GLM
module in the SAS [16] statistical program. Upon
determining significant Genotype x Environment
interaction, the proc REG process was used for
stability analysis and GGE biplot analysis was
carried out to graphically analyze the data [17-19].
The best genotypes as revealed by the plotted
graphics were used to determine the ranking of the
genotypes and the environments in terms of yield
and to determine the ideal environments.

"#%$##%## 

Table 3 shows seed yield per plant from the
dry bean genotypes grown in five different environments. Based on the environments, there were
significant differences among the genotypes in
terms of average seed yield per plant.
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As can be seen in Figure 1, which shows the
polygon and biplot plots of the Genotype x Environment interaction, the G1 (Zulbiye), G5
(Noyanbey 98), G12 (A.40), G13 (A.107), G15
(A.349), G17 (A.378) and G20 (K.1154) genotypes
were on diagonals. Especially the G1 (Zulbiye), G5
(Noyanbey 98) and G15 (A.349) were distinguished
from other genotypes with their high seed yield per
plant; other genotypes remained within the limits of
low or intermediate yield. As can be seen in Figure
2, which shows the GGE biplot analysis and the
distribution of the genotypes based on ideal
environments, all environments located closer to
the ideal environment. Thus, G1 (Zulbiye), G2
(Onceler 98), G5 (Noyanbey 98), G11 (A.27) and
G15 (A.349) were more desirable than the other
genotypes since they are located near to the ideal

variety. G1 had the second highest seed yield per
plant in this study.
Especially the remoteness of the G12 genotype to the ideal is noteworthy and the G8, G20 and
G13 genotypes were also far from their ideal environments. The areas limits of which were drawn by
the genotypes are important in terms of showing the
upper and lower limits of plant adaptation [19].
In their study, Meng et al. [23] reported that as
the genotypes approached to the center, their adaptation skills increased and as they diverge from the
center they lost their adaptation skills. This can also
be applied to our study, since the G1 (Zulbiye), G5
(Noyanbey 98) and G15 (A.349) genotypes were
closer to the center in terms of seed yield per plant
and therefore can be deemed to have broad adaptation skills.

%" 
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79.0
84.0
138.8
95.5
124.0
111.4
69.8
75.3
113.0
72.3
53.8
59.0
46.5
50.5
80.5
64.2
100.5
74.3
89.5
85.5
78.2
98.5
54.0
116.3
104.5
152.3
55.0
70.8
115.0
87.0
104.3
57.0
103.3
57.8
73.0
44.4
39.8
139.5
84.5
56.0
84.2
76.0
 
51.3
50.3
  
 
166.0
 
 
151.4
152.8
32.0
83.0
92.8
27.6
54.3
60.3
52.8
41.5
105.0
48.5
75.5
38.0
37.5
68.6
69.0
88.3
83.3
58.5
150.6
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71.3
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59.0
104.7
127.8
59.1
65.3
58.5
62.3
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68.8
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85.8
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Therefore, the high variance in change based
on years was attributed to ecologic conditions
greatly varying from one year to another. In the
same manner, various studies based on years reported that the most important factor affecting the
differences among years was ecological differences
[25, 26]. The results of our study showed that the
change in climatic conditions over the years significantly affected genotype performance.
As can be seen in Figure 3, which shows the
polygon and biplot plots for the genotype x environment interaction, the G5, G10, G12, G13 and
G15 genotypes were on diagonals for number of
seeds per plant. Although diagonal forming is similar to seed yield per plant, it is different from the
seed yield per plant by having one less corner,
which shows that adaptation was limited to a certain extent.
Especially the G10 and G15 genotypes were
distinctly distinguished from other genotypes with
their high number of seeds per plant. Special attention should be paid to the G10 genotype. The closeness of the G11 genotype to the G10 genotype
showed that it would have been successful in a
suitable environment. Moreover, the low level of
change in the G10 and G11 genotypes indicated
that priority should be given to these genotypes in
terms of number of seeds per plant. Especially the
high level of change in the G16 genotype showed
that this genotype may respond very differently to
different environments.
As can be seen in Figure 4, which shows the
GGE biplot analysis and distribution of genotypes

Table 4 shows the number of seeds per plant
from the dry bean genotypes grown in different
environments. Significant differences in average
number of seeds per plant were observed among
genotypes grown in different environments. The
highest number of seeds per plant was observed in
the A.20 genotype with 162.2 seeds, followed by
the Zulbiye genotype with 104.3 seeds.
These results are similar to the results obtained for seed yield per plant. With 43.7 seeds, the
lowest number of seeds per plant was observed in
the A.40 genotype, followed by the Yunus 90 genotype with 58.1 seeds. The high variation in change
in genotypes revealed that the genotypes responded
to environment very differently and failed to show
stability. The evaluation of the environments within themselves showed that, with 91.2 seeds, the
highest number of seeds per plant was obtained in
the first environment. The second, third and fourth
environments were statistically in the same group.
With 73.8 seeds, the lowest number of seeds per
plant was obtained in the fifth environment. Environment, again, significantly contributed to the
variance in terms of number of seeds per plant and
it explained 80.1% of the variance, which proves
the significant effect of environment on number of
seeds per plant. The contribution of genotype to
variance was 3.2%, while the contribution of Genotype x Environment interaction to variance was
16.7%. In the study, years were taken as environments, while environment was accepted as unpredictable environment [24].

8681

#"

  $   

  





  !




pletely demonstrating the performance of genotypes
and this mostly stemmed from environmental differences, as reported by other researchers.
There were significant differences among dry
bean genotypes in terms of average 100-seed
weight, depending on the environment. With 45.7
g, the highest 100-seed weight was obtained in the
Akdag genotype, followed by the A.14 genotype
with 43.8 g. In general, similar values were observed for the genotypes and cultivars; however, the
A.20 and A.27 genotypes and the Onceler 98 genotypes were distinctly separated from the other genotypes with the low performances they showed. The
evaluation of the environments within themselves
revealed that, with 42.4 g, the highest result was
obtained in the first environment. The second environment had the lowest 100-seed weight value with
37.6 g, although all environments were in the same
group as statistical except for the first environment.

based on ideal environments. Environments E2 and
E3 were the closest environment to ideal environment. So they can be evaluate desirable environment for number of seeds per plant.
In the GGE biplot, the ideal genotype is located at the center of the concentric circles. It is defined by having the greatest vector length of the
high-yielding varieties [19]. Therefore, genotypes
found near to the “ideal variety” are more desirable
than others. Thus, G10 (A.20) was more desirable
than the other genotypes since they are located near
to the ideal genotype for number of seeds per plant.
Viana and Cruz [27] stated that the responses
of this type of genotypes to unpredictable environments can be different. There is no sufficient data
on the stability of genotypes in some environments.
This is mostly attributed to not precisely estimating
environmental differences [10, 28]. In the study, the
values of number of seeds per plant failed at com-
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Low adaptation limit hinders broad changes. Diagonal forming is different from the other characteristics. In terms of 100-seed weight, the G7, G9, G12,
G15, G17 and G19 genotypes had higher stability
compared to other genotypes, while the G10 and
G11 genotypes showed a very broad variation.
As can be seen in Figure 6, which shows the
GGE biplot analysis and the distribution of the
genotypes based on ideal genotype, the G7, G9,
G12, G15, G17 and G19 genotypes were mostly
close to the ideal genotype. Using these genotypes
in the studies on 100-seed weight will prove beneficial. The G10 and G11 genotypes were away from
the ideal genotype, which indicates that these genotypes did not find their ideal genotype in terms of
100-seed weight. All environments were similar to
each other, except for the first environment. The
first environment was away from the ideal environment, while the environment closest to the ideal
was the second environment. Using these environments, except for the first environment, in the studies on environment will prove beneficial.
The variation in environments was lower than
the variations in genotypes. These results are in
agreement with the results obtained by Gabriel [31]
and Mustapha et al. [32] who reported that environmental variation was lower than the genotypical
variation. Furthermore, it is known that the genotype closest to the ideal environment has a broader
adaptation skill [33]. Therefore, the environment
closest to the ideal environment is the best environment in terms of breeding.

There was not a significant variance in terms
of environments, which indicates that 100-seed
weight was not significantly affected by environmental factors. Similar results were obtained when
the environments were evaluated within themselves. The contribution of the factors to variance
showed that the effect of environment on variance
was 71.9% for 100-seed weight, while the effect of
genotype was 8.6%. The effect of Genotype x Environment interaction was as high as 19.5%.
Our results indicated that environment did not
affect 100-seed weight as much as it did other characteristics. Therefore, it can be concluded that 100seed weight is a more stable characteristic than the
other characteristics. Allard and Bradshaw [29]
stated that the values of stability parameters provide
valuable information on the stability of genotypes.
Kaya et al. [30] reported that the effect of environment on other characteristics was not as high
as its effect on yield. Genc et al. [26] stated that
environment had the highest effect on morphological properties and yield of plants. Our results
showed that the effect of environment on number of
seeds per plant, seed yield per plant was especially
higher than its effect on 100-seed weight, which is
in agreement with the results obtained by other
researchers.
As can be seen in Figure 5, which shows the
polygon and biplot plots of the genotype x environment interaction for 100-seed weight, the G10,
G15 and G19 genotypes were on diagonals. In
simplistic terms, the figure resembles a triangle and
indicates that the adaptation limit was not broad.
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evaluation. Moreover, Ecological factors in the
environments can be regarded as the optimum conditions to successfully grow genotypes. Optimum
environment for each genotype can vary from genotype to genotype. However, these conditions are not
always available and instead, conditions close to the
optimum conditions can be established or genotypes that are tolerant to possible negative conditions can be determined and included in breeding
programs. 
Genotype x Environment interaction is used to
determine the responses of genotypes that have a
uniform structure within themselves to different
environments. Potential of each genotype is differ-

In trials carried out in different environments,
it is of great importance to determine the performances of genotypes in an environment. However,
exact determination of the performances of genotypes is challenging. The GGE biplot analysis is an
important method that guides the researchers. Having the opportunity to monitor the performance of
each genotype in different environments increases
the significance of the studies. It should be noted
that, without ignoring the fact that these types of
studies are carried out in different environments,
obtaining an ideal genotype is usually a theoretical
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COMPARISON OF BETWEEN ARTIFICIAL NEURAL
NETWORKS AND SOME NON-LINEAR GROWTH MODELS
IN ESTIMATION OF NODULE GROWTH OF
CHICKPEA PLANTS
Omer Sozen*
Kirsehir Ahi Evran University, Faculty of Agriculture, Department of Field Crops, 40100 Kirsehir, Turkey

Importance of symbiotic nitrogen fixation increases because of the gradually increase of protein
demand around the world and environmental problems come up during mineral nitrogenous manure
production and usage as well. A lot of factors have
effect on the amount of nitrogen fixated by Rhizobium. Firstly, some conditions should occur in
order to provide high nitrogen fixation being constituted an effective symbiosis; as [4]:
a) Rhizobium bacteria should be able to survive in competition with other microorganisms and
should be colonized in soil temperatures and soil
fertility. This step is adversely affected by the soil
and extreme soil temperature.
b) After a quick colonization, host and bacterium should cohere for an effective nodule formation and a good stem infection.
c) After these two conditions come true, environment factors should be suitable for maximum
fixation.
Nodules function as nitrogen production unit
for plant, their formation and to be able to serve
their fixations are closely related with as well as
ERWKPDFURDQGPLFURV\PELRQWV¶JHQHWLFVWUXFWXUHV
and environment conditions (pH, temperature, light,
VRLO¶V biological and physical traits and nutrient
stuffs state) [5-8]. To be increased biological nitrogen fixation is possible with as well as to be increased genetic manipulation and breeding studies,
and to provide suitable conditions [9-11]. An inadequacy seen for water presence in soil affects nodule
growth and development directly [12]. At the same
time, retrograde for nodule growth [13] can cause a
decrease of nitrogen fixation [8] and a deformation
of nodule structure [14, 15].
In a biological system, the growth shows three
different ways in modeling as invariant, continuous,
and variant growths in terms of growth speed [16].
Thus, linear models remain incapable to model
living growth during lifetime in most instances
[17]. Non-linear models should be used when periods which are occurred different growth speed are
mentioned [18]. Artificial Neural Networks model
has been started to use as well as non-linear growth
models in recent years. It was stated it had a good
estimation success as non-linear models as, moreover it showed better estimation success at some

ABSTRACT
This study was conducted under Kirsehir ecological conditions in 2013 and 2014. Cagatay
chickpea cultivar was used as material. Plants were
sown three sowing times as 42 plants m2. Plants
were monitored after emergency during 5 different
time periods and fresh and dry weight of nodules
were carefully identified. Measurements were made
after emergency, before flowering, flowering period, after flowering and blooming period. Using the
obtained data, non-linear model of Richards, Gompertz and Artificial Neural Networks Model were
estimated to grow nodules. The successes of the
model were compared using different comparison
criteria. To conclude, Artificial Neural Networks
was successfully predicted nodule growth of cultivated chickpea plants during first and second sowing time. In third sowing time, it was found that the
Richards model was resulted in more successful
estimation.
KEYWORDS:
Nodule, Chickpea, Growth, Model Comparison, Sowing
Time

INTRODUCTION
In our country, chickpea has been generally
grown in low-annual rainfall dry farming areas
without irrigating. Plants generally used moisture
that accumulates in soil with rainfalls. Thus, distribution of rainfall and precipitation affect growth
and development directly. $OWKRXJK FKLFNSHD¶V
yield potential is rather suitable, the amount of yield
is quite low when its required needs cannot met
adequately [1]. Chickpeas are not required nitrogenous fertilizer as much as other macro nutriment
elements. Yet, chickpea has been one of the food
substance required nitrogen so that particularly
bacteria in its stem fixate nitrogen because nitrogen
is regarded as one of the most significant factors for
determining plant yield [2]. Chickpea fixates atmospherically nitrogen of air and uses Rhizobium
bacteria in its stem [3].
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38.8-85.6% while these values changed between
48.3-78.6% in terms of long years.
It was seen that research area which was conducted the experiment was clayed-loamy in terms
of soil traits, its pH was little alkaline, organic matter was high and it was adequate in terms of lime
and phosphor.
3ODQWV¶VWHPVZHUHULSSHGRIIDWWKHDUHDFDUefully once ten days from the existence in the experiment. After that, plants were taken to the laboratory and washed carefully in the strainer and were
paid attentLRQQRWWRORVHDQ\QRGXOHV3ODQWV¶QRdules were weighed in the 0.001 precision scales and
conclusions were recorded. Afterwards, they have
been remained for 48 hours at 72 degree and provided their drying and their dry weights were determined as being measured again.
ANN model and Richards, Gompertz and Logistic models from non-linear models were used to
estimate nodules growth. Models are as below:
1. Richards Growth Model

studies [19-23].
There is few researches about modeling nodules growth that DUHLQOHJXPHV¶VWHPV These were
investigated physiological some characteristics
rather than growth [24-27].
In this study cultivated in three different
WLPH¶V FKLFNSHD¶V QRGXOHV growth were tried to
estimate using non-linear growth and artificial neural Networks models. Besides, PRGHOV¶ HVWLPation
success were compared using non-linear models
and artificial neural networks (ANN) model.
MATERIALS AND METHODS
Cagatay chickpea variety was used as plant
material in this study. Cagatay was registered by
Black Sea Agricultural Research Institution in
2002. It has growing orthogonal, light beige seed
color, ram texture, 59-61 flowering days, 24-26 cm
first pod height, 45-60 cm plant height, 15-26 pods
per plant, 47.5-50g 100 seed weight, and average
196 kg da-1 yield. It is cultivated Inner Aegean and
%ODFN 6HD 5HJLRQV¶ KLJK JURXQGV RU &HQWUDO
Anatolia Region.
This variety is cultivated as 42 plants per m2 in
three different cultivating times as November, 2013,
February and March, 2014 in the Randomized
Complete Block Design with three replications in
the experiment areas belong to Kirsehir Ahi Evran
University Agricultural Application and Research
Center.
Before cultivating, soil was ploughed and become ready to cultivate. After that, cultivating was
applied to blocks using cultivating sowing machine.
The dimension of block was adapted as 9m2 (5 m x
1.8 m). 2 kg da-1 nitrogenous fertilizer and 6 kg da-1
phosphorous fertilizer were applied on the purpose
of accelerating bacteria activation with the cultivation. Weed was controlled once. For this reason,
cleaning was done as making pass the machine
between rows. Afterwards there was no need to
weed struggle because plants collected themselves.
There were not any irrigation after cultivation.
Rainfall, temperature and moisture values measured
during experimental period as given in Table 1.
When Table 1 is analyzed, it is understood that
monthly average temperatures data changed between -0.2-23.1 0C. These values are shown in
accordance with long year averages. In addition, it
was observed that season when was conducted the
experiment was an arid year in terms of rainfall
with respect to long year averages. While aforementioned by months (November-July), total long year
rainfall was 334.9 mm, total rainfall belong to same
months when carried out the experiment was 287.6
mm.
Albeit, proportional moisture value belong to
vegetation that was carried out the experiment was
compatible with long year averages. Monthly average proportional moisture values changed between

Y

a (1 r be  ct ) d

2. Logistic Growth Model
Y

a /(1  be  ct )

3. Gompertz Growth Model
Y

ae  be

 ct

*LYHQ DERYH PRGHOV¶ SDUDPHWHUV FDQ EH Hxplained as:
a) Asymptote value of dimension
b) Represents for dimension values at the period that plants start to grow.
c) Represents for net growth ratio
d) Represents for instantaneous rate of growth
at the inflection point.
Coefficient of determination, Error Mean
Square, Mean Absolute Deviation, Mean Absolute
Percentage Deviation, Basic Error Mean Square and
Bias values were used as comparison criteria. While
Artificial Neural Networks Analysis was done using
MATLAB R 2009, non-OLQHDU JURZWK PRGHOV¶
analyses were done using STATISTICA 5.0 software.

RESULTS AND DISCUSSION
The comparison criteria is shown in Table 2
with respect to sowing times in the study. When
Table 2 was investigated, it was seen that there
were differences in terms of cultivating times. The
highest R2 value was determined as 97.04 at Richards Model in the first cultivating period. The lowest R2 value was determined as 94.13 at logistic
model. This value was as 96.82 at ANN came second after Richards model. While ANN model took
place secondly in terms of coefficient determination, MSE, MAD, MAPE, RMSE and BIAS were
found as 0,092, 0.386, 0.816, 0.303 and -0.00042
respectively.
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TABLE 1
The climate data of trial location
Months

Heat
6,2
2
-0,2
1,1
5,4
10,7
15,3
19,7
23,1

November
December
January
February
March
April
May
June
July

Long years
Precipitation Humidity
38,6
73,0
48,6
78,6
44,2
78,1
35,4
74,5
36,2
67,5
46,5
63,8
44,1
60,8
34,5
54,0
6,8
48,3

Heat
7,7
-2,1
1,9
4,4
7,4
12,9
16,3
19,9
24,0

Growing season
Precipitation
Humidity
40,0
67,1
10,4
75,9
46,2
85,6
23,4
63,8
52,2
63,9
20,0
58,1
46,6
60,8
36,0
53,6
2,8
38,8

TABLE 2
Comparison criteria results according to sowing times
Sowing time

ST1

ST2

ST3

Comparison
criteria
R2
MSE
MAD
MAPE
RMSE
BIAS
R2
MSE
MAD
MAPE
RMSE
BIAS
R2
MSE
MAD
MAPE
RMSE
BIAS

ANN

Richards

Gompertz

Logistic

Means

96,82
0,092
0,386
0,816
0,303
-0,00042
98,11
0,068
0,241
1,317
0,261
-0,00118
92,17
1,071
0,887
2,616
1,035
-0,00163

97,04
0,372
1,214
0,841
0,613
-0,00119
98,10
0,176
0,833
1,405
0,420
-0,00126
93,03
0,986
0,710
2,018
0,993
-0,00161

95,62
0,588
1,562
5,206
0,767
-0,00136
96,24
0,416
0,917
1,744
0,645
-0,00162
91,36
1,647
1,306
6,442
1,283
-0,00217

94,13
0,618
1,643
5,381
0,786
-0,00217
95,86
0,518
1,067
1,761
0,709
-0,00244
90,87
1,911
1,477
7,064
1,382
-0,00280

95,9025
0,4175
1,20125
3,061
0,61725
-0,00129
73,259
0,2945
0,7645
1,55675
0,50875
-0,00163
91,8575
1,40375
1,095
4,535
1,17325
-0,00213
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FIGURE 1
Growth trend of some models according to first sowing time
other models in terms of all comparison criteria.
ANN model had 98.11 R2 value, the lowest error
value. Richards model took second place. This
model had quite close values to ANN model in
terms of comparison criteria.
Growth seen at the second cultivating period
was shown in Figure 2. When Figure 2 is investigated that how $11¶DFWLRQVin time come close to
real values.

For this reason, while ANN Model became the
best determining model of nodule growth at the first
cultivating period, Richards model took second
place. Growth seen at the first cultivating period
was shown in Figure 1. As seen from the Table 2,
the alterations at the growth periods were seen by
ANN better.
At the second cultivating period, it was seen
that ANN model gave more successful results than
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FIGURE 2
Growth trends of some models according to second sowing time

FIGURE 3
Growth trends of some models according to third sowing time
Richards model. Gompertz and Logistic models
came after them. At the first and second cultivating
periods, it showed better performance than ANN
with 97.04 and 93.03 R2 values. Coefficient of determination had the highest value at the second
cultivating period as time average. It ranked lastly
at the third cultivating period.
As sowing time was progressing, determination success generally decreased. Error Mean
Square, Mean Absolute Deviation, Mean Absolute
Percentage Deviation, Root Mean Square Error
gave similar conclusions and gave lower conclusions at the second cultivating period as happened
for coefficient determination. Provided that while
bias gave lower conclusion at the first cultivating
period, gave the second lowest value at the second
cultivating period. When coefficients of determination were compared within themselves with respect
to periods, all had lower values at the second cultivating period, except bias.

When the third cultivating period was investigated, the situation changed a little bit. Here, Richards model took place on the top with 93.03 R2
value. ANN Model took second place right after
this model. Richards model took place on the top
not only in terms of R2 value but also all comparison criteria.
Growth trends are seen at the third cultivating
period in Figure 3. As seen in Figure 3, alteration at
growth periods was determined better by Richards
model. However, Logistic model showed lower
values than those of ANN and Richards model at
the second cultivating period, was shown also at the
third cultivating period and showed similar trend to
the first cultivating period.
Comparison criteria used in the study, to be
evaluated in terms of cultivating periods are given
in Table 3. When comparison criteria were evaluated, while ANN had 98.11 coefficient of determination and the highest value at the second cultivating
period, showed a significant difference between
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TABLE 3
The results of sowing times according comparison criteria
Comparison criteria
R2

Sowing time
ST1
ST2
ST3

Average
MSE

ST1
ST2
ST3

Average
MAD

ST1
ST2
ST3

Average
MAPE

ST1
ST2
ST3

Average
RMSE

ST1
ST2
ST3

Average
BIAS
Average

ST1
ST2
ST3

ANN
96,82
98,11
92,17
95,70
0,092
0,068
1,071
0,410
0,386
0,241
0,887
0,505
0,303
1,317
2,616
1,412
0,303
0,261
1,035
0,505
-0,00042
-0,00118
-0,00163
0,533

Richards
97,04
98,10
93,03
96,06
0,372
0,176
0,986
0,511
1,214
0,833
0,710
0,919
0,613
1,405
2,018
1,345
0,613
0,420
0,993
0,919
-0,00119
-0,00126
-0,00191
0,675

Gompertz
95,62
96,24
91,36
94,41
0,588
0,416
1,647
0,884
1,562
0,917
1,306
1,262
0,767
1,744
6,442
2,984
0,767
0,645
1,283
1,262
-0,00136
-0,00162
-0,00217
0,898

Logistic
94,13
95,86
90,87
93,62
0,618
0,518
1,911
1,015
1,643
1,067
1,477
1,396
0,786
1,761
7,064
3,204
0,786
0,709
1,382
1,396
-0,00217
-0,00244
-0,00280
0,959

Means
95,90
97,08
91,86
0,4175
0,2945
1,40375
1,20125
0,7645
1,095
0,61725
1,55675
4,535
0,61725
0,50875
1,17325
-0,00129
-0,00163
-0,00213

cause distresses for the production of dry matter
[32].
Growth submits a quite complicated texture,
and to analyze complicated textures is rather hard
[33]. Particularly nodule growth is further complicated. Nodules in the stems are affected directly
from all events such as presence of water in soil, its
behavior, evaporation, air capacity, decomposition
event, microbiological activity, stem respiration,
and vegetable activity and the temperature of soil
[34-36]. The period for the best nodule development can be seen as the period for the best plant
development. To modeling this structure while [3739] stated that classic modeling would show enough
success [40, 41] stated more complicated modeling
should be used. While a lot of researches have been
published about nodule growth and development,
there are few studies about growth and development
statistically. Generally studies were conducted as
using linear models [42, 43].
The most important distress of linear or nonlinear models analysis is to provide some hypotheses are carried out. If these hypotheses are not carried out, the reliability of the model that will be
obtained will decrease [44]. Yet, such hypotheses
are not looked for ANN model [45]. Due to this
trait, ANN becomes more successful than other
models [46] stated ANN can be an alternative to
recreation analysis. Besides, it is stated that when a
well-organized ANN is compared to traditional
methods, better conclusions are taken with respect
to traditional methods [47].
Especially in this system, one becomes more
sensitive against alterations that can be in the environment and reactions be followed more sensitively
[48]. [49] stated particularly ANN gave lower error
than other models, because of this trait it became

When conclusions were evaluated in general it
was determined that cultivating time retardation
affects negatively not only for plant development
but also nodule growth and development. Because
of seen negations, PRGHOV¶ LGHQWLILFDWLRQ VXFFHVV
changed. Being determined less of late cultivating
with respect to other periods arises from plant
growth and developing along with starting the
weather gets warmer. Therefore, the models
slogged a little to model this speed growth with
respect to the former two periods. Particularly,
when climate and soil conditions are convenient,
nodule bacteria in the stem are developing fast and
WU\LQJWRPHHWSODQWV¶QLWURJHQQHHG In a short span
of time, speed development was seen in every piece
of the plant.
,W LV VWDWHG WKDW $11 PRGHO¶V HVWLPDWLRQ VXccess is higher than 20% than other models [28]. In
this study, it became higher than other models but it
was not as high as researches stated. Certainly,
researchers studying with particularly grain can
reveal this difference. It is well known that nitrogen
fixation changes with respect to time and environment conditions. Especially the amount of periodic
rainfall and its duration affect fertility [29]. There
were significant relations between nodule growth
and stem amount, and between these variances and
nitrogen fixation [30]. As the amount of nodule in
the stem increases, the amount of nitrogen which
plant takes from the soil increases and therefore
mineralization increases, in the conclusion plant
utilizes from nitrogen in the soil [31]. In this study,
particularly at the late cultivation period there was
the term which rainfall decreased but temperature
showed fast increase. This case clarifies plants
being arrear with respect to second period. Because,
fast growth can make development slow down and
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as Rhizobium leguminosarus biovar phaseoli.
Turrialba, San Jose. 40, 520-526.
[15] Serraj, J.M.L., Fleurat-Lessard, P., Jaillard, B.
and Drevon, J.J. (1995) Structural changes in
the inner-cortex cells of soybean root nodules
are induced by short-term exposure to high salt
or oxygen concentrations. Plant, Cell and Environment. 18, 455-462.
[16] Kshirsagar, A.M. and Smith, W.B. (1995)
Growth Curves. Marcel Dekker, Inc. 1-57.
[17] Perotto, D., Cue, R.I. and Lee, A.J. (1992)
Comparison of nonlinear functions for describing the growth curve of three genotypes of
dairy cattle. Can. J. Anim. Sci. 72, 773-782.
[18] Bilgin, O.C. and Esenbuga, N. (2003) The
parameter estimation in nonlinear growth model. Animal Production. 44, 81-90.
[19] Benzer, R. (2015) Population Dynamics Forecasting Usuing Artificial Neural Networks.
Fresen. Environ. Bull. 24, 460-466.

more successful. Also, in this study, especially
errors were seen low at ANN model. To become
errors low shows identification has been done successfully [50, 51]. Particularly, it is seen that ANN
has made a quite successful estimation at the first
and second period. It is considered as the most
important reason for this arise from ANN model
senses alterations in the environment better than
others.
Identification success decreased at the third
cultivating period. After that, the studies will conducted for network technology should be increased
and the number of hidden layer should be increased
and the number of neuron should be changed per
layer and transfer functions for current networks
should be changed. Thus, identification ratio can be
increased at both first and second period and also
identification success can become better at the third
period.

CONCLUSION
In this study, current non-linear growth models were compared with estimation success of artificial neural Networks for nodule growth at chickpeas cultivated in different times, it was seen that
ANN model had successful estimation at the first
and second period while Richards model from nonlinear models had successful estimation at the third
period.
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increase globally and issues related to sustainable
development in an urban context become increasingly significant, many problems remain to be answered, especially how to efficiently make use of urban green infrastructure to improve the quality of urban environment gradually.
Urban green infrastructures include parks, public green space, allotments, green corridors, roadside
trees, urban forests, roof and vertical greening, cemeteries and private domestic gardens [2, 3]. Researchers have shown that different kinds of urban
green infrastructures not only contribute to improve
the urban ecosystem [4, 5] but also to benefit the
quality of city-dwellers’ lives [6-8].
Urban parks, defined as public places of the
municipality in urban areas and other incorporated
places to offer recreation and green space to residents and visitors [9]. Urban parks participate in a
variety of ecological functions like as the natural forest [10], such as amelioration of the urban heat island
effect [11], regulation of microclimate [12], prevention of soil and water loss [13-15], purification of air
and water [16, 17], carbon fixation [18], and filtration of wind and noise [17]. Urban parks also play a
critical role in the maintenance of biodiversity [1921] and mitigation of global biodiversity loss [22,
23], especially when parks include areas of more or
less semi-natural habitats [24].
Although many urban parks are not very big,
they may make a high contribution to the biodiversity of a city [25]. Some researchers have paid attention to the influence of time scale on biodiversity of
parks [26-29]. This study focused on the diversity,
distribution and abundance of trees within randomly
selected urban parks in Dublin, the capital city of Ireland. Little has been published to date on the biodiversity of Dublin’s urban parks [30, 31]. (Phoenix
Park, a large (area about 707 ha) and long-established park outside the city boundaries, has been relatively well-studied [32]; it is excluded from the present survey).
Dublin is an old city and contains many famous
historical parks (HP), e.g. Merrion Square and, St.
Stephen’s Green, which opened to the public over
one hundred years ago. In addition, it also contains
many modern parks (MP), opened in recent decades.
Although the boundaries of the two categories are
somewhat arbitrary, combined with the historic development of Ireland and other studies [27, 28], the
time-scale of one hundred years has been proposed

Urban park, a major component of urban green
infrastructure, is an indicator of urban ecological environment system. In this study, 34 urban parks divided into two categories (historical parks (HP) and
modern parks (MP)) in Dublin were investigated in
2015; meanwhile, tree composition and diversity,
importance value of species and families and size
class distribution were compared between two kinds
of parks. Result showed that 8603 trees belonging to
139 species, 67 genera and 37 families were enumerated, with 4174 in HP and 4429 in MP. Tree composition in both kinds of parks skewed toward alien tree
species without significant difference. According to
the species important value, top three tree species
$/)-# '$#-%, *(+-'($,&-+ and $,&-+
"#+(&# found in HP and * (+-'($,&-+,
#$# sp. and *($,&'#+ found in MP were all
alien tree species in Ireland. The result of family importance value indicated that the most importance
families were Aceraceae, Rosaceae and Tiliaceae in
both kinds of parks. Species richness of HP was
markedly richer than that of MP; while, the diversity
index of Shannon-Wiener was not statistically significant between them. Based upon the relative abundance, several important tree species were more than
10 percent, which was not in accordance with the
"rule of thumb--10/20/30". According to the size
class of DBH distribution, two categories parks
showed different preferences to trees in different historical periods; size class of tree height and crown
displayed that communities were crowded in the urban parks of Dublin. It is critical for the management
of urban parks of Dublin to increase tree diversity
and improve structure of tree species.


*(!#$
Species diversity, importance value, tree abundance, tree
size, urban parks

 %#!&%! 
With the acceleration of urbanization, urban
population has increased sharply to 54 percent by
2014 all over the world and 66 percent of the world’s
population is projected to be urban in 2050 [1].
When the number of urban residents continues to
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are about fifty urban parks distributed all over the
city (www.dublincity.ie), They are popular for many
types of activity and provide facilities for education,
sports, play, recreation, relaxation, festivals and
events. To enhance biodiversity and live-ability of
the city, Dublin City Council states its intention to
make opportunities for ‘greening’ everywhere, even
in the city center (www.dublincity.ie).
The historical parks (HP) are distributed across
the city, including Merrion Square, St. Stephen’s
Green, Palmerston Park, Dartmouth Square, etc., all
of which opened over one hundred years ago. Many
modern parks (MP) were added in recent decades to
meet residents’ demands, like Ringsend Park,
Markievicz Park, Eaton Square, Mount Bernard Park,
etc. (Figure 1, Table 1).
To protect the biodiversity in Dublin, the Arts,
Culture and Recreation Strategic Policy Committee
(2016) agreed to the Action Plan named ‘" -$#&
#,0 #'#.*+#,0 ,#'& $& 1In this
study, thirty four parks were selected randomly for
investigation, including fifteen HP and nineteen MP.
All these parks are maintained by the city administration. The information for each park was gathered
from the website of Dublin City Council (www.dublincity.ie) (Table 1, Figure 1).

3/5. 37>/;<31+<387 +7. .+<+ -855/-<387 All
parks were divided into two categories: HP and MP,
on the basis of their age. The HP have mostly been
open for more than one hundred years whereas MP
are younger. If the opening year of the urban park
cannot be checked from literature, we examined
maps or aerial photos of different time layers to make
sure whether the park was a historical one or not. The
investigation task was carried out from August to
November in 2015, with the help of student volunteers who studied in Trinity College Dublin and Griffith College Dublin.

as adequate for the stable establishment of biological
communities. In this paper, three hypotheses are proposed in comparing the two types of urban park:
firstly, that HP would harbor more tree species; secondly, that HP would have more large-sized trees
than MP; thirdly, there would be more alien tree species in historical parks. I assess the effects of park
history on tree diversity and evaluate the changes in
park tree composition over time, using tree size as a
proxy for age. This study involved (1) obtaining detailed information on the richness, composition, distribution and diversity of tree species of urban parks
in Dublin; (2) examining the difference between HP
and MP and (3) understanding the influence of time
scale on tree species diversity.
%#$ %!$ 

$<=.A+:/+ Dublin, the capital city of Ireland,
is located at the mouth of the River Liffey on the east
coast of Ireland. The total area of Dublin is approximately 115 km2 and about 1.66 million residents live
in this city (www.dublincity.ie). It is bordered by a
low mountain range to the south and surrounded by
flat farmland to the north and west. The climate is
maritime climate of northwestern Europe, with cool
summers and mild winters. The average temperature
is 16°C to 20°C in summer and 4 °C to 7°C in winter,
and the annual average rainfall is 840 mm. Although
the climate is characterized by a lack of temperature
extremes, strong Atlantic winds are most common in
autumn and easterly winds render the city colder in
winter (http://www.met.ie). The present study was
carried out in urban parks of Dublin, shown in Figure
1.
Dublin has a proud heritage of parks. The urban
parks of Dublin are a core part of the city image and
have become a part of residents’ daily routine. There

&# 
8-+<38780<2/;/5/-</.=:,+79+:4;37=,537:/5+7.
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/7/:+5-2+:+-</:3;<3-;80<2/
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7+6/
Belgrave Square
Blessington Street Basin
Brickfields Park
Cabbage Garden
Dartmouth Square
Diamond Park
Dublin bay sandymout
strand
Eamonn Ceannt Park
Eaton Square Park
Fairfield Park

,,:/
>3+</.
Belg
Bles
Bric
Cabb
Dart
Diam

%  
=:,+79+:4;08:<://.3>/:;3<A37=,537:/5+7.

8-+<387

:/+
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D. 6
D. 7
D. 12
D. 8
D. 6
D. 1

1.00
0.75
11.00
0.56
0.80
0.70

!9/7
371 
A/+:,

+</18:A
+


$9/-3/; 
:3-27/;;


$2+7787C
(3/7/:
.3>/:;3<A 
37./@
2.53
2.89
2.52
1.81
2.23
1.45

>/7
7/;;
37./@

0.6
0.55
0.44
0.61
0.67
0.85



1851
SNP
21
71.4
1803
HHP
33
81.8
1970's
SNP
28
71.4
1980
LICPC
10
70.0
1909
HS
14
64.3
1985
LICPC
5
60.0
20th
LICP
5
1.14
0.62
80.0
Dubl
D. 4
2.70
century
Eamo
D. 12
17.00
1960's
SNP
43
2.78
0.37
74.4
Eato
D. 6
0.40
1970's
SNP
14
2.01
0.53
64.3
Fair
D. 6
0.26
–
SNP
13
2.27
0.74
84.6
19th
Fitzwilliam Square
Fitz
D. 2
1.48
CenGOS
25
2.08
0.32
72.0
tury
20th
Grattan Crescent Park
Grat
D. 8
1.61
SNP
15
2.22
0.62
80.0
century
Harold's Cross Park
Haro
D. 6
1.25
1894
SNP
34
2.84
0.5
82.4
Iveagh Gardens
Ivea
D. 2
3.44
1865
HHP
21
1.66
0.25
61.9
King's inns park
King
D. 7
3.00
1800's
GOS
10
1.96
0.71
80.0
Kylemore Park
Kyle
D. 10
0.50
2009
SNP
5
1.31
0.74
60.0
Liberty Park
Libe
D. 1
0.41
1979
LICP
7
1.44
0.6
85.7
Markievicz Park
Mark
D. 10
1.28
1955
SNP
36
2.87
0.49
69.4
19th
Merrion Square Park
Merr
D. 2
4.75
CenGOS
45
3.03
0.46
75.6
tury
Mount Bernard Park
MounB
D. 7
1.85
1983
NNP
18
2.21
0.51
77.8
19th
Mountjoy Square Park
Moun
D. 1
1.80
CenGOS
19
1.85
0.34
66.7
tury
Oisin Kelly Park
Oisi
D. 8
0.40
1980's
CP
8
1.79
0.75
75.0
Ormond Square
Ormo
D. 1
0.15
1998
SSG
2
0.17
0.59
100.0
Palmerston Park
Palm
D. 6
4.85
1894
SNP
40
2.88
0.45
80.0
Peace Park
Peac
D. 8
0.05
1988
CP
4
1.04
0.71
75.0
Pearse Square
Pear
D. 2
0.50
1839
GOS
10
1.88
0.66
90.0
Ringsend Park
Ring
D. 4
10.58
–
SNP
35
2.56
0.37
74.3
Riverrun Garden
Rive
D. 7
0.09
–
LICP
6
1.58
0.81
83.3
18th
Sandymount Green
Sand
D. 4
0.30
CenGOS
4
0.95
0.65
100.0
tury
St Audeons Park
St Au
D. 8
0.50
1982
HHP
8
1.77
0.73
50.0
St Catherines Park
St Ca
D. 8
0.16
1985
LICPC
7
1.58
0.69
71.4
St Kevins Park
St Ke
D. 8
0.44
1960's
LICPC
17
2.41
0.66
64.7
St Patricks Park
St Pa
D. 8
0.97
1904
HHP
19
2.52
0.66
78.9
St Stephen's Green park
St St
D. 2
8.90
1880
GOS
42
2.93
0.45
81.0
a
CP denotes Commemorative Park; GOS denotes Georgian and other squares; HHP denotes Historic and Heritage Park; HS denotes Historic
Square; LICP denotes Local Inner City Parks; LICPC denotes Local Inner City Parks and former cemeteries; NNP denotes Northside Neighbourhood Parks; SNP denotes Southside Neighbourhood Parks; SSG denotes Suburban Squares and Gardens
b
– denotes that there was not exact record, but the opening year was less than 100 from visited residents.


Trees with DBH (diameter at breast height) 5
cm and height3 m were recorded for each park.
Tree dimensions were measured, including DBH
measured by tape meter, maximum crown diameter
measured by taping the projected drip line of the tree
canopy and height estimated by visual inspection.
All recorded trees were identified to species in the
field with the help of floras [33, 34], but trees of lime
(#$# spp.), cherry (*-&-+spp.), eucalyptus ( -
$0(,-+ spp.) and plane ($,&-+ spp.) were identified only to genus level, and are treated each as a single taxon. Tree growth form and origin (native or alien) were examined from the literatures [33, 34].
In order to analyze the tree size distribution,

DBH, height and crown area were each assigned to
six different size classes. For DBH, the classes were:
5-15 cm, 15-30 cm, 30-45 cm, 45-60 cm, 60-75 cm
and 75 cm; for height, 3-5 m, 5-10 m, 10-15 m, 1520 m, 20-25 m and 25 cm; for crown area, 0-12 m2,
12-24 m2, 24-36 m2, 36-48 m2, 48-60 m2 and 60 m2.

+<++7+5A;3;To assess the diversity of urban
park trees, species richness (), Shannon-Winner diversity index index (1) and Evenness index () were
evaluated. Species richness () was the number of
tree species per park. Shannon-Winner index: 1=
−
   #=&#/[35]; Evenness index: =1/ln
[36] . Where is the number of tree species per park,
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 is the total number of tree species in the park, and
&# is the individuals in the park that belong to tree
species#.
Tree species or family relative importance (SIV
or FIV) was calculated by the following formulas:
Relative importance ()= [Relative abundance ( )
+ Relative dominance ( )]/2 [37];  =#/×100,
where  is the number of individuals of single tree
species# (or sum of one family), and  is the total
number of individuals of all tree species;
 = #/×100, where is basal area of a single tree
species # (or sum of one family), and  is the total
basal area of individuals of all tree species.
To evaluate the proportion of alien tree species
in each park, alien index () was used to calculate:
=[$#&/ ($#& +&,#.)] ×100, where $#& and
&,#. denote number of alien tree species and number
of native tree species; whilst, higher value of indicates a higher percentage of alien tree species, ranging from zero to one hundred.
Tree species frequency was calculated by the
number of occurrences appearing in the HP or MP. A
non-parametric Mann Whitney U test [38] was undertaken to determine whether there were significant
differences between the HP and MP with reference
to the mean of tree density, distribution and diversity.
Data were analyzed with SPSS 15.0 and Microsoft Excel 2007; the administrative map of Dublin was downloaded from http://www.d-maps.com/
and drawn by Core Draw 12.0.

there were 122 broad-leaved trees, 17 conifer trees
and one palm; board-leaved deciduous trees accounted for more than 95% of total species. Within
the high frequent deciduous trees (appearing more
than 10 times) were *(+'($,&-+ (13), #$#
sp. (12) and ($,&'#+ (11) in HP, and #$#sp.
(13), (+'($,&-+ (12), */#&-+/$+#'*(11),
*+-+ +( (11) and *(#&-+ ,-$-+ (11) in MP,
with exception of cherry as ornamental tree. 87 and
73 tree species occurred less than five times in the
HP and MP respectively, which meant that the distribution of tree species scattered over a wide area.
Park area, tree species number and tree count
had a significant correlation (Figure 2 a: *=0.626, (
0.000; Figure 2 b: *=0.826, (0.000 ), denoting
a positive tree species–area relationship. Three parks
are larger than 10 ha (Eamonn Ceannt Park,
Brickfields Park and Ringsend Park), six parks range
from 2 ha to 9 ha, and the rest 25 are smaller than 2
ha. Among HP, for instance, Merrion Square Park
had the highest tree species (45) with 787 individuals,
followed by St Stephen's Green Park (42 species and
793 tree counts), while Blessington Street Basin,
Palmerston Park and Harold's Cross Park had more
than 30 tree species with number of individuals 451,
408 and 186, respectively; however, Sandymount
Green and King’s Inns Park had only 4 and 10 tree
species with tree counts 27 and 99, respectively (Table 1, Figure 2). Among MP, the top three parks with
the richest tree species were Eamonn Ceannt Park
(43), Markievicz Park (36) and Ringsend Park (35),
whose trees counts were 723, 522 and 805, respectively, followed by Brickfields Park (28), Mount
Bernard Park (18), St. Kevins Park (17), Grattan
Crescent Park (15), Eaton Square Park (14) and Fairfield Park (13); whereas, the tree species of remaining parks were less than ten (Table 1, Figure 2). Despite the long history, the difference of distribution
of tree species and number of individuals was largely
due to the park area (Figure 2).

2,0

Number of individuals (log10)

Species richness (log10)

#$&%$

$9/-3/;-8698;3<387 +7. .3>/:;3<ATree distribution was uneven in different parks (Table 1), and
within the 34 parks a total of 8603 trees were enumerated, with 4174 in HP and 4429 in MP. A total of
139 species were encountered, belonging to 37 families and 67 genera (Table 4). Among these species,
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%  
<<:3,=</;80<2/=:,+79+:4<://;37=,537:/5+7.
3;<8:3-+5
"+:4<://+<<:3,=</;
8./:79+:4
9+:4
Tree density(per ha)–mean &±SD
148±136
154±133
Range of tree density(per ha)–minimum and maximum
33-601
24-547
Average DBH(cm)–mean &±SD
40.0±36.2
26.1±17.6
Range of DBH(cm)–minimum and maximum
5-210
5-150
Standard deviation in DBH within a park (cm)
30.4
13.7
Average height (m)–mean &±SD
14.0±8.5
10.4±5.3
Range of height (m)–minimum and maximum
3-60
3-40
Standard deviation in height within a park (m)
6.2
3.8
Average crown (m2)–mean &±SD
32.8±28.9
21.9±17.7
Range of crown (m2)–minimum and maximum
0.25-225
0.09-144
Standard deviation in height within a park (m2)
24.53
15.41
Species richness–mean &±SD
23±13.10
14.63±12.21
Shannon–Wiener diversity index–mean &±SD
2.27±0.60
1.85±0.68
Evenness index–mean &±SD
0.53±0.15
0.62±0.14
Alien species index (%)–mean &±SD
75.7±12.1
74.8±9.8



</;<
0.973
0.003
0.000

0.025
0.007
0.056

0.005
0.036
0.060
0.147
0.607

(<0.05.
(<0.01.

respectively, but the difference was not statistically
significant.

%:// ;9/-3/; 3698:<+7-/ >+5=/ $' Tree
species importance value was shown in Table 3. The
sum of tree species importance value (>1%) had occupied 83.06% and 85.25% in HP and MP respectively, which was able to explain the structure of SIV.
In the HP, the ten species kept 63.15%of SIV, and the
five most important tree species according to the
score were$/)-# '$#-% (15.36), *(+-'($,
&-+ (10.63), $,&-+ "#+(&# (9.56), #$# sp.
(6.06) and #&-+ +0$.+,*#+ (4.45). Together, these
five tree species contributed 39.93% and 52.22% of
relative abundance (RA) and relative dominance
(RD), respectively. That was the same with the MP,
with top ten species accounting for 72.85% of SIV.
The most five important tree species were *(+-
'($,&-+ (17.946), #$# sp. (17.192), * ($,
&'#+ (9.392), */#&-+ /$+#'* (6.956) and
-*-+#$/ (5.418) on the basis of the score; furthermore, the aforementioned five tree species in MP
also made a contribution 54.73% and 59.08% respectively of RA and RD.

+635A3698:<+7-/>+5=/' In this study,
139 tree species represented 37 families and 67 genera from field investigation (Table 4). According to
the score of family importance value (FIV), the most
importance families were Aceraceae (23.24),
Rosaceae (12.67) and Tiliaceae (12.35), whose sum
of the FIV approximated 50% (TABLE 4). However,
FIV of Fagaceae, Aquifoliaceae, Betulaceae, Oleaceae, Platanaceae, Hippocastanaceae, Pinaceae, Salicaceae and Ulmaceae ranged from 1.9 to 8.0, whose
sum of FIV occupied nearly 45.58%. The remaining
25 families each had FIV less than 1%, and

For Shannon–Wiener diversity index (1), only
Merrion Square Park’s exceeded 3.0 ranking top one,
followed by St Stephen's Green Park (2.93), Blessington Street Basin (2.89), Palmerston Park (2.88)
and Markievicz Park (2.87); eighteen parks had 1
2.0, and sixteen parks2.0 (Table 1). For evenness (), Diamond Park and Riverrun Garden had a
higher value0.8, but with the lower species richness (5 and 6) and lower Shannon–Wiener index
(1.45 and 1.58); seventeen parks had the  from 0.6
to 0.8, and the remaining fifteen parks were 0.250.59 (Table 1).
300/:/7-/ +-:8;; 9+:4 -+</18:3/; The tree
density, DBH, height, crown and diversity indices
were compared between HP and MP to find out the
similarities and differences (Table 2). By comparing
the average of tree size between two kinds of parks,
all the indices of HP listed in Table 2 were significantly greater than that of MP at the level of 0.05
based on the Mann Whitney U test. These indices
(DBH, height and species richness) to a certain extent illustrated the influence of time scale on the tree
cultivation. However, HP and MP did not differ significantly in tree density, crown, Shannon–Wiener
diversity index and Evenness index. The tree density
per hectare was of little difference between two types
of parks (148±136 for HP and 154±133 for MP),
which indicated that the capacity of the park-land
was similar in Dublin. The standard deviation of
DBH, height and crown in HP (30.4, 6.2 and 24.53)
had more heterogeneity than in MP (13.7, 3.8 and
15.41), which illustrated that it had richer spatial variation in population structure. By comparing alien
index () (Table 1 and Table 2), we found that HP
seemed to have a little higher proportion of alien species than more MP, with 75.7% and 74.8%
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altogether they just contributed to FIV with 6%. In
terms of species composition of family, the number
of tree species of Rosaceae, Betulaceae, Aceraceae,
Tiliaceae and Pinaceae were 24, 11, 10, 10 and 10
respectively; eleven families had species number
from two to nine, whereas the rest of the families
each just included one species. According to the
ranking of genera, Rosaceae, Betulaceae, Pinaceae

and Leguminosae were the top four with the number
of genus seven, five, four and four respectively, and
other families just had one to three genera. Besides,
the ratio of species to genus indicated that twentyone families just each included one species and one
genus, but Aceraceae had the maximum ratio (10)
followed by Saliaceae (4.5), Ulmaceae (4), Rosaceae
(3.4), Fagaceae (3.3) ect.

% 
698:<+7-/>+5=/'80<2/<89:+74371<://;9/-3/;37=:,+79+:480=,537+::+71/../;-/7.3718:./:
80'
Categories
HP

Tree
species a

Family


$/)-# '$#-% 
*(+-'($,&-+
$,&-+"#+(&#
#$#sp.
#&-++0$.+,*#+
+-$-+"#(('+,
&-%
*+-+sp.
-*-+#$/
*($,&'#+

*/#&-+/$+#'* 
$-+"-("&+#+
!-++0$.,#

*,!-+%'&'!0& 
*-&-+$-*'*+-+

/-+, 
*(#&-+,-$-+
-*-+&'#$#+

,-$(-+&+ 
*-&-+*+# *
Atropurpurea

'*0$-+.$$& 
$%-+%#&'*var. '*
&-#&+#+

,-$(&-$ 
*-&-+'%+,#

Modern
park

*(+-'($,&-+
#$# sp.
*($,&'#+

*/#&-+/$+#'* 
-*-+#$/
*+-+sp.

,-$(-+&+ 
!-++0$.,#
+-$-+"#(('+,
&-%
$&-+'*,
*(#&-+,-$-+
'(-$-+&#!*
*%(+,*


*,!-+%'&'!-& 

$%-+%#&'*var. '*
&-#&+#+
*+"*#&-%

-*-+*'-* 
a

Aquifoliaceae
Aceraceae
Platanaceae
Tiliaceae
Pinaceae
Hippocastanaceae
Rosaceae
Fagaceae
Aceraceae
Oleaceae
Rosaceae
Fagaceae
Rosaceae
Rosaceae
Taxaceae
Betulaceae
Lauraceae
Betulaceae

Growth
form b

No.
of
trees

Frequency

Relative
abundance
(RA, %)

Relative dominance
(RD, %)

Importance
value c
(IV, %)

BLE

802

11

19.21

11.54

15.38

BLD
BLD
BLD
CON

398
193
276
129

13
10
12
5

9.54
4.62
3.47
3.09

11.73
14.50
8.64
5.82

10.63
9.56
6.06
4.45

BLD

113

8

2.71

5.88

4.29

BLD
BLE
BLD
BLD
BLD
BLD
BLD
BLD
CON
BLD
BLE
BLD

192
113
140
108
80
72
98
104
96
79
84
76

10
9
11
8
1
10
6
4
4
6
5
7

4.60
2.71
3.35
2.59
1.92
1.73
2.35
2.49
2.30
1.89
2.01
1.82

3.08
3.92
2.76
2.54
2.57
2.29
1.20
1.04
1.09
1.33
1.16
1.11

3.84
3.31
3.05
2.57
2.24
2.01
1.77
1.77
1.70
1.61
1.59
1.46

Rosaceae

BLD

64

7

1.53

1.06

1.30

Betulaceae

BLD

59

3

1.41

1.08

1.24

Ulmaceae

BLD

50

1

1.20

1.02

1.11

Betulaceae
Rosaceae

BLD
BLD

57
46

9
5

1.37
1.10

0.78
0.98

1.07
1.04

Aceraceae

BLD

731

12

16.51

19.39

17.95

Tiliaceae
Aceraceae
Oleaceae
Fagaceae
Rosaceae
Betulaceae
Fagaceae
Hippocastanaceae
Betulaceae
Betulaceae
Salicaceae
Aceraceae
Rosaceae

BLD
BLD
BLD
BLE
BLD
BLD
BLD

735
409
315
234
243
164
111

13
10
11
6
11
10
5

16.60
9.24
7.11
5.28
5.49
3.70
2.51

17.79
9.55
6.80
5.55
4.35
2.67
2.77

17.19
9.39
6.96
5.42
4.92
3.18
2.64

BLD

101

6

2.28

2.97

2.62

BLD
BLD
BLD
BLD
BLD

120
131
53
104
128

1
11
1
7
8

2.71
2.96
1.20
2.35
2.89

2.45
1.76
3.40
2.22
1.56

2.58
2.36
2.30
2.29
2.23

Ulmaceae

BLD

35

1

0.79

1.50

1.14

Aceraceae
Fagaceae

BLD
BLD

45
52

6
7

1.02
1.17

1.15
0.85

1.08
1.01



Represented the native species; others are alien.
BLE, broadleaved evergreen; BLD, broadleaved deciduous; CON, conifer.
c
Listed the tree species whose importance value are over 1%.
b
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% 
698:<+7-/>+5=/800+635A5/>/5+7.<2/.3>/:;3<A801/7=;+7.;9/-3/;,/5871371<8<2/0+635A
+635A
Aceraceae
Rosaceae
Tiliaceae
Fagaceae
Aquifoliaceae
Betulaceae
Oleaceae
Platanaceae
Hippocastanaceae
Pinaceae
Salicaceae
Ulmaceae
Taxaceae
Lauraceae
Leguminosae
Cupressaceae
Juglandaceae
Adoxaceae
Magnoliaceae
Pittosporaceae
Caprifoliaceae
Asteraceae
Hamamelidaceae
Theaceae
Ericaceae
Myrtaceae
Cornaceae
Arecaceae
Celastraceae
Ginkgoaceae
Buxaceae
Cercidiphyllaceae
Elaeagnaceae
Araliaceae
Scrophulariaceae
Taxodiaceae
Araucariaceae
Unknown
Total

#/5+<3>/
+,=7.+7-/
#
24.06
10.34
12.95
8.40
6.23
6.44
5.21
7.85

#/5+<3>/ 
.8637+7-/
#
22.41
15.00
11.75
7.66
9.61
9.16
5.68
2.44

698:<+7-/
>+5=/
'
23.24
12.67
12.35
8.03
7.92
7.80
5.44
5.15

4.51

2.49

3.79
3.49
2.02
0.62
0.66
0.71
0.87
0.48
0.20
0.15
0.19
0.09
0.09

/7=;

$9/-3/;

$9/-3/;
/7=;

1
7
1
3
1
5
3
1

10
24
1
10
1
11
6
1

10.0
3.4
1.0
3.3
1.0
2.2
2.0
1.0

3.50

1

1

1.0

2.28
2.00
1.92
1.27
1.06
0.99
0.83
0.42
0.42
0.40
0.24
0.24
0.23

3.04
2.74
1.97
0.94
0.86
0.85
0.85
0.45
0.31
0.27
0.22
0.17
0.16

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

10
9
8
1
1
7
5
6
1
4
1
3
1

2.5
4.5
4.0
1.0
1.0
1.8
1.7
2.0
1.0
2.0
1.0
1.5
1.0

0.08

0.22

0.15

2

2

1.0

0.04
0.10
0.10
0.08
0.05
0.03
0.02
0.03

0.23
0.16
0.12
0.09
0.07
0.06
0.07
0.06

0.14
0.13
0.11
0.08
0.06
0.05
0.05
0.04

1
2
1
1
1
1
1
1

1
2
1
1
1
1
1
1

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

0.01

0.07

0.04

1

1

1.0

0.03
0.00

0.05
0.04

0.04
0.02

1
1

1
1

1.0
1.0

0.01

0.02

0.02

1

1

1.0

0.01
0.00
0.09

0.01
0.01
0.23

0.01
0.01
0.16
100

1
1

1
1

1.0
1.0

67

139

$3B/-5+;; .3;<:3,=<387+6871 <2/ .8637+7<
<://; Size class distribution of the ten most important tree species in HP and MP of Dublin was
shown in Table 5. Tree size class was divided into 3
groups: young age group (5cm-30cm), middle age
group (30cm -60cm) and old age group (more than
60cm). In HP, $/)-# '$#-%, *(+-'($,&-+,
*+-+ sp., *($,&'#+, *($,&'#+ and
*/#&-+/$+#'* were dominated by individuals of
the young age group, accounting for 90.40%,
45.98%, 86.46%, 77.85% and 52.77% respectively,
which meant that they were cultivated recently, especially the cherry trees; meanwhile, $,&-+ "#+
(&#, #&-+ +0$.+,*#+ and +-$-+ "#(('+,
&-% had higher percentage in old age group,

occupying 77.08%, 46.51% and 55.75% respectively,
which indicated that they were planted a long time
ago. It was interesting that -*-+#$/ evenly distributed in different age stage, which clearly showed
that this species has been chosen for a long time. The
percentage of DBH class in MP were different from
the HP. Nine tree species are dominated by young
age group, such as +-$-+"#(('+,&-%, ,-$
(-+&+, !-++0$.,# etc. *+-+ sp., */#
&-+ /$+#'* and * ($,&'#+ were all dominated by young age trees in historical and MP alike,
which illustrated that they were the most popular
trees planted in Dublin urban parks in recent years.
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$3B/-5+;;.3;<:3,=<38780</768;<3698:<+7<<://;9/-3/;37<2/=:,+79+:4;80=,537
+</18:3/;

a

#+74

%://;9/-3/;+

1
$/)-# '$#-% 
2
*(+-'($,&-+
3
$,&-+"#+(&#
4
#$#sp.
5
#&-++0$.+,*#+
Historic park
6
+-$-+"#(('+,&-%
7
*+-+sp.
8
-*-+#$/
9
*($,&'#+
10
*/#&-+/$+#'* 
1
*(+-'($,&-+
2
#$# sp.
3
*($,&'#+
4
*/#&-+/$+#'* 
5
-*-+#$/
Modern park
6
*+-+sp.

,-$(-+&+ 
7
8
!-++0$.,#
9
+-$-+"#(('+,&-%
10
$&-+'*,

Represented the native species; others are alien.

$9/-3/;9/:-/7<+1/80-5+;;-6
 
 
    
68.45
9.48
0.00
0.12
0.00
42.21 28.39
9.80
10.05
5.78
8.85
2.08
4.69
6.77
70.31
29.71 37.68
10.14
6.16
10.14
10.85 27.13
15.50 19.38 27.13
2.65
14.16
14.16 15.04 40.71
68.23 13.02
0.52
0.00
0.00
19.47 23.89
7.08
25.66
6.19
60.71 19.29
0.00
1.43
1.43
28.70 20.37
21.30
0.93
4.63
38.58 40.90
8.21
0.68
0.68
50.73 29.61
7.04
0.27
0.00
42.30 44.01
0.00
0.00
0.00
68.57 13.33
1.27
0.32
1.90
65.38 27.35
4.70
1.28
0.85
43.62 16.46
2.88
0.00
0.00
82.93
0.61
0.00
0.00
0.00
51.35 31.53
3.60
0.00
2.70
97.50
0.00
0.00
0.00
0.00
41.58 37.62
13.86
0.00
3.96

 
21.95
3.77
7.29
6.16
0.00
13.27
18.23
17.70
17.14
24.07
10.94
9.96
13.69
14.60
0.43
37.04
16.46
10.81
2.50
2.97

=6,/:
802
398
192
276
129
113
192
113
140
108
731
735
409
315
234
243
164
111
120
101


50

a: DBH class distribution

b:Height class distribution
Historical
Modern

40

Historical
Modern

40

Tree count (%)

Tree count (%)

50

30
20
10

30
20
10
0

0
5-15 15-30 30-45 45-60 60-75 75
DBH (cm)
50

5-10 10-15 15-20 20-25 25
Height(m)


c: Crown class distribution
Historical
Modern

40
Tree count (%)

3-5

30
20
10
0
0-12 12-24 24-36 36-48 48-60 60
Crown(m2)

&#  
":898:<387+5.3;<:3,=<38780<://+2/312<,+7.-:8?7-+-:8;;.300/:/7<9+:4-+</18:3/;,+;/.
87+;=:>/A80<2/=:,+79+:4<://989=5+<38780=,537
":898:<387+5 .3;<:3,=<387 80 <:// 
2/312<+7.-:8?7Two kinds of parks showed significant differences in DBH and height except crown
based on the Mann Whitney U test (Table 2), and
some useful information of different park types can
be obtained from Figure 3. It was observed that the

tree DBH from 15 cm to 30 cm dominated historical
parks and MP with 45.88% and 47.55%, respectively;
class 5-15 cm and 30-45 cm occupied a certain proportion; those indicated that young and middle age
trees were the majority in both kinds of parks. On the
scale of 75cm class, it was apparent that HP had
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higher percentage (7.57%) than MP (1.69%) (Figure
3a). Dominance of 45 cm DBH class (84.26% in
HP, 93.27% in MP) denoted that most trees were
planted in nearly fifty years.
In terms of the height class, 5-10 m class trees
were the majority in both HP and MP, with 1840
(44.08%) and 1831 (41.34%) followed by 10-15 m
class and 15-20 m class, which cumulatively contributed 79.83% and 87.83% of total tree individuals;
whereas, the shorter trees (3-5 m) and higher trees
(20 m) had much lower percentage (Figure 3b).
The histogram of DBH and height were close to
spindle-shape, which illustrated that the level from
young to middle were important for the tree structure
in both parks.
Crown, which decides the tree life force and
productivity, is the important position for trees photosynthesis; meanwhile it is also an index of tree
competition for a long-term in the process of tree
growth [39]. Cumulatively (Figure 3c), the first three
crown class which contributed 71.03% of total individuals in HP were 0-12 m2 (40.15%), 12-24 m2
(20.08%) and 24-36 m2 (10.80%); while, the total
contribution of first three crown class was 82.75%
(sum of 25.65%, 34.07% and 23.03%) in MP. High
proportion of crown centralized in first three classes,
which indicated there was no enough space for
branches to stretch and they had to crowd with each
other.

A diversity index, a tool for biologists in the understanding of community structure, revealed the
structure of the biological community in terms of numerical value [40]. Areas with low species diversity
may be vulnerable in resistance to diseases and pests;
therefore, areas with high species diversity would be
much healthier [41]. The range of Shannon-Wiener
diversity index was 0.95-3.03 (average 2.27) and
0.17-2.87 (average 1.85) in HP and MP, respectively
(Table 2 and Table 3); however, the difference of
Shannon-Wiener diversity was not statistically significant ((>0.05) between two kinds of parks based
on the Mann Whitney U test (Table 2). It was recorded that the average of Shannon-Wiener diversity
index was 3.76 in the parks of Taipei, China [42], but
only about 1.0 in the parks of Bangalore, India [27];
in the parks of Roxbury and Dorchester, MA, America, the average was 1.65; within urban parks of Halifax regional municipality (Nova Scotia, Canada),
the Shannon-Wiener diversity index ranged from1.2
to 2.6 between semi-natural habitats and anthropogenic habitats [43]. Compared with these cities, the
diversity of urban parks in Dublin fell into medium
level, which was consistent with species richness.
However, the mean evenness index was lower than
Taipei (0.74) [42] and Chennai (0.73) [40]; this phenomenon was caused by top five tree species holding
about 40% and 55% of total individuals in HP and
MP respectively (Table 3); for example, one of native tree species  )-# '$#-% occupied approximately 20% of total individuals in historical parks,
whereas (+-'($,&-+ occupied 17% in MP. To
improve the diversity, the municipal department concerned should not only increase the tree individuals
but also take the number of tree species into account.
For tree stock in the selected urban parks, there
were merely 253 trees per park and 103 trees per hectare on average (Table 1), which seemed unlikely to
have such a small tree stock. However, there were
likely two main reasons to contribute to the results.
On the one hand, 18 of 34 selected urban parks were
less than 1 ha, especially the Peace Park (only
0.05ha); on the other hand, although some urban
parks were larger than 3 ha, the playground (particularly rugby and soccer) or lawn took up more than a
half place.

%://+,=7.+7-/ As Dutch elm disease broke
out in America, urban forestry managers began to realize the importance of tree diversity in urban area
[44, 45]. The spread of insects or diseases may be
slowed or prevented by a diverse tree population; the
establishment of such pests will lead to decreased severity of a diverse tree population [46]. Different
scholars hold different views on the composition of
the urban tree stock. For instance, some researchers
suggested that the maximum for any species should
be less than ten percent of the population [47, 48] ;
Santamour [44] proposed a theory of ‘10-20-30 formula’, which meant that the urban forest should

$&$$! 

$9/-3/; -8698;3<387 +7. .3>/:;3<A Species
richness can be a useful index to assess the diversity
level of the studied area. Among all the trees enumerated, 103 species emerged in the HP and 90 in
MP. According to the Mann Whitney U test, there
was a significant difference ((<0.05) between them
(Table 2), which meant HP had harbored more species than MP statistically. Therefore, it demonstrated
that time scale had a substantial influence on the species richness. Muthulingam and Thangavel [40] recorded 45 tree species in urban green spaces from
Chennai, India. There were 111 historical tree species and 162 recent tree species in the parks of Bandung [28], whereas there were 80 tree species from
Bangalore parks, India [27]; another similar study
recorded 110 tree species in Turku, 61 tree species in
Stockholm, 196 tree species in Malmo, 60 tree species in Gothenburg and 559 tree species in Arhus
from the Nordic cities [14]; In Flanders (the northern
part of Belgium), 15 urban and suburban parks had
average plant taxa 136.8 (including herbaceous
plants) [24]. Contrary to our expectation, it was
found by comparison that tree species richness was
not deficient in urban parks of Dublin; meanwhile, it
was also implied that Dublin urban parks had a better
potential and environment for more introduced trees
from other regions.
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the ornamentality of urban parks. The harm of the
alien species had been proved by many studies [53],
but it was another story in Ireland. Because of the
scarcity of native tree species in Ireland and Europe
[57, 58], it was still positively significant to the improvement of biodiversity that the introduction of alien tree species would enrich the local resources of
trees based on the risk assessment.

contain no more than 10% of any single tree species,
no more than 20% of any tree genus, and no more
than 30% of any tree family; another researcher argued that any tree species and genus of tree population in a city should not be more than 5% and 10%
respectively [14]. Anyhow, increasing the tree species diversity has become a universal consensus in
urban area [25, 49].
In this study, relative abundance of families
was less than 30% in accordance with the “rule of
thumb” [50]; the maximum of RA were from Aceraceae (22.41%), followed by Rosaceae (15.00%) and
Tiliaceae (11.75%) (Table 4).Yet, Aceraceae only
had one genus ( *), which indicated that the level
of genus was more than 20%. RA of )-# '$#-% in
HP was 19.21%, and RA of (+-'($,&-+and
#$# sp. in MP were16.51% and 16.60% respectively, all of which were markedly more than 10%
(Table 3). On level of both studied parks, RA of 
(+-'($,&-+ (13.12%) and #$# sp. (11.75%)
were still higher than 10%, and RA of )-# '$#-%
(9.61%) approximately approached 10%. For the
health of park diversity in the future, this phenomenon should be paid more attention by the municipal
department. Additionally, compared with other urban park trees in Europe [14], maple ( * spp.) and
lime (#$# spp.) also presented a higher RA as they
did in Dublin parks, which indicated that both of
genera performed better in urban parks.

300/:/7< ;3B/ .3;<:3,=<387 Information on
size class distribution of trees in urban set-up offered
a useful insight into general indication of dynamism
of changes in species selection over a period of time
[40]. For size class of tree DBH, it helped differentiate between species (1) planted over a number of
years, (2) selected for planting recently, or (3)
planted widely in the past. Furthermore, it was explained by the distribution of size class: first, the tree
species cultivated over a long time should have a
more evenly distributed age structure; second, the
tree species cultivated recently should be dominated
by smaller trees; third, the tree species planted
widely and discontinuously in the past and recently
should be dominated by larger trees [27, 59]. DBH
as an indicator of tree age, the size class of tree populations in both kinds of parks was a typical pyramid
shape, which implied a healthy condition (Figure3).
From the size class of DBH distribution of the top
ten important tree species, it was evident that )
-# '$#-%, *+-+ sp., ($,&'#+ and/$+#'*
were planted in HP in recent years (Table 5), whereas
(+-'($,&-+, #$# sp., +0$.+,*#+ and #$/
showed that they were cultivated for a long time in
Dublin because of the even distribution of DHB size
class; only "#+(&# and "#(('+,&-% with
proportion of individuals (DBH75cm) over 40%
implied that they were first planted in HP. In MP (Table 5), tree individuals mainly ranged from 5 cm to
45cm in DBH; meanwhile, few trees with DBH over
75 cm were found, revealing the shorter history of
these parks. (+-'($,&-+, #$# sp., /$+#'*,
(-+&+, and +0$.,# were cultivated continuously for a long time; while, the number of 
#$/, "#(('+,&-% and $&-+'*, decreased
over the past ten years. Cherry trees with higher ornamentality had become increasingly popular in recent years in MP and it was the same case in HP. In
general, "#+(&# and "#(('+,&-% were selected in Dublin parks in early stage, then )-# '
$#-%, /$+#'*, * spp., #$/, *+-+ sp. and
#$# sp. were chosen in recent years.
Tree crown size, a proxy variable for leaf area
and leaf biomass, is a key variable in urban parks as
it correlates with the space a tree occupies as well as
with the physiological functions [60]. Some studies
focused on tree crown in the street because the large
branches blocked the traffic and public facilities [61,
62], but few noticed the crown in urban parks. Actually, tree crown size distribution was dominated by
the narrow-crowned trees in the urban parks of

+<3>/+7.+53/7<://;.3;<:3,=<387With the
long history of the HP, we assumed that HP would
harbor more alien species; it turned out that there
was no significant difference between HP and MP in
term of species number and tree counts of alien species (Table 2). Alien tree species prevailed in total
species with about 75%; this situation was similar to
the cases both in the intermediate age parks and recent parks in Bangalore of India [27] and Kigali of
Rwanda [51]; but the percentage was higher than that
of the parks in Bandung of Indonesia [28] and that of
the cities of central Europe [52]. From the above, it
was a worldwide phenomenon that alien tree species
widely existed in the urban area [14, 52, 53]; hence,
urban area had become a hot spot for introduction
and naturalization of alien species due to conscious
or unconscious anthropogenic behaviors [54, 55].
Alien species were mainly introduced as a
source of food, fiber production or ornamental [54,
56], but ornamental function should always be the
main concern in the park areas. Of the alien species,
tall arbor trees, such as maple trees ( * spp.), horse
chestnut ( "#(('+,&-%), lime trees (#$# spp.)
and plane trees ($,&-+ spp.), provided not only
landscape but urban ecosystem service; for flowering trees, cherry ( *+-+ sp.) dominated within
both categories of parks at approximately RA 5%
(Table 3), followed by $-+"-("&+#+ and *-&-+
*+# * 'Atropurpurea', which showed that municipal department was consciously trying to improve
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following families of Aceraceae, Rosaceae, Tiliaceae, Fagaceae, Aquifoliaceae and Betulaceae indicated that had greater potential in alien tree introduction for Dublin urban parks. Besides, the departments concerned should learn the inventories and
tree selection experience from other European countries [63, 64]. A mix of introduced and indigenous
species may actually be favorable to some aspects of
biodiversity [27]. Therefore, on the premises of risk
assessment, appropriate introduction of tree species
to enrich the urban biodiversity was more helpful
than harmful [58].

Dublin (Figure 3c), with over 71% and 83% (36
m2) in HP and MP respectively. Thus, the performance of trees on the urban ecosystem service was
impacted to some extent ultimately. For example, 
/$+#'*,  ($,&'#+,  (+-'($,&-+ etc.
would have had larger branches if there had been
enough space to stretch, but most of them were
planted densely in the parks; they had to grow tall
and narrow-crowned for sufficient sunlight (Figure
3b). Therefore, the park administrators should consider the planting patterns in the future, and there
would be ample above-ground space for the trunks
and crowns to expand.

 !( %$ 
! &$! 
I am grateful for the kind help of student volunteers who studied in Trinity College Dublin and
Griffith College Dublin. I thank Dr. Daniel Kelly &
Ph.D. Sukontip Sirimongkol of Trinity College Dublin, Ph.D. Boyang Huang of Nanjing Agriculture
University and Bo Wang of Nanjing Normal University for assistance with data arrangement and writing,
as well as the help from Prof. John Parnell in the
identification of some tree species.
This research was supported by The Key Subject Construction Project of Jiangsu Province 13th
Five-Year Plan (2016-2020).

Urban parks were of great significance for entertainment of urban dwellers, but there were more
important to the urban ecosystem. The tree species
composition, diversity and size distribution in thirtyfour urban parks of Dublin were discussed; while,
the difference between HP and MP was also assessed
to find the influence of time scale on the different
categories parks. The main conclusions in this paper
were as follows:
(1) By comparing the species richness and size
distribution of the two kinds of parks, time scale had
markedly affected the both categories of parks. The
assumptions that there were more species richness
and larger tree size in HP were proved valid, but
there was no significant difference in terms of alien
tree species in both kinds of parks.
(2) For municipal department of Dublin, multiple measures should be undertaken to improve the
tree diversity. Tree DBH size was an indicator in
preference to tree species in different historical
stages;  "#+(&# and  "#(('+,&-% were of
the earliest and most widely planted trees, followed
by  )-# '$#-%,  (+-'($,&-+, #$# sp.,
*+-+ sp., +0$.+,*#+ etc. These tree species have
adapted to urban environment, but park administration should look for more diversity beyond the existing predominant trees in park design and management. Specifically, parks administrators should consider increasing the percentage of flowering trees
and evergreen trees and promoting the landscape diversity in future.
(3) The municipal department of Dublin should
pay more attention to the introduction of alien trees
because the dominance of several tree species in
abundance was not beneficial to the urban ecosystem.
Furthermore, we cannot afford to generally exclude
alien tree species from urban greening because of urban ecosystem [58]. Thus far, urban parks of Dublin
have successfully harbored many alien tree species
introduced from all over the globe, especially from
other European countries. It indicated that the regional climate and geographical characteristics were
suitable. In addition, the pervasiveness of the
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ABSTRACT

INTRODUCTION

Arum maculatum L. is a species belongs to the
Araceae family and it is widespread across the
many parts of Europe, Turkey, and the Caucasus.
Methanol extracts of leaves and berries of Arum
maculatum / FROOHFWHG IURP )ÕVWÕN|] Village/Halfeti/Sanliurfa/Turkey were used in this
study. Total phenolic and ascorbic acid contents,
chlorophyll a, chlorophyll b, total carotenoid content, total anthocyanin content, antioxidant activity
(by ABTS, DPPH and FRAP assays), antimicrobial
activity (with agar well diffusion method) and minimal inhibtion concentration (MIC), antimutagenic
activity (by AMES method) of methanolic extracts
of parts of Arum maculatum L. were investigated.
According to results, methanolic extracts of A.
maculatum L. exhibited antioxidant activities at
different rate and it was determined that extract of
berries exhibited the higher antioxidant effect in all
methods than leaf extract. However, it was observed that leaf extract showed higher antibacterial
effect than extract of berries (between 14.98-27.67
mm, 17.86-19.20 mm; respectively), but no extract
exhibited antifungal activity against test microorganisms used in this study. Additionally, 10 and 80
μL/Plaque doses of the leaf extract displayed the
antimutagenic effects against induced mutagenesis
in Salmonella typhimurium TA 98, but any dodes of
extracts did not show antimutagenic activity against
TA 100. Conclusionly, Arum maculatum collected
from Turkish flora exhibited some biological properties, and activities and these data will be useful
for medical studies.

Plants has been used for traditional medicine
troughout the world since ancient times. The World
Health Organization (WHO) reported that about
80% of the population of developing counties trust
the traditional medicine including herbal medicines
[1]. Since Turkey has a very rich flora and a great
folkloric medicinal knowledge, it represents a potential resource for many studies [2]. Plants are
traditionally used by majority of population living
in rural areas in Turkey. They generally use these
plants for nutrition and medicinal purposes among
the population. In recent years, researchers have
begun to focus on the use of plants for medical
purposes [3, 4, 5, 6, 7, 8, 9].
Arum maculatum L. is a species which belongs
to Araceae family [10] and it is a poisonous plant
[11]. The color of berries of Arum maculatum L.
varies from red to orange and they highly poisonous. The berries include oxalates of saponins which
have needle-shaped crystals and these oxalates
irritate the skin, mouth, tongue, and throat and results in swelling of throat, difficulty breathing,
burning pain, and upset stomach [12].
Just as the leaves of Arum maculatum L.
FDOOHG DV ³WLUVLN´ LQ 6DQOLXUID SURYLQFH LQ 7XUNH\
are comsumed as soup, dried and powdered berries
of this plant used in traditional medicin as antihemorrhoid agent in this area. Some ethnopharmacological research studies also demostrated that Arum
maculatum is used for treatment of colitis [13] and
internal bleeding haemorrhoids [14, 15] amoung the
local people in Turkey. Additionally, Gurhan and
Ezer [16] reported that some plants such as Arum
balansanum R. Mill., Arum detruncatum C.A.
Meyer ex Schott, Arum elongatum Steven and Dracunculus vulgaris Schott are used against the haemorrhoid in Turkey.
The aim of this study investigate the some biological activities of leaves used for nourishment and
berries used for medical purposes of Arum maculatum L.

KEYWORDS:
Arum maculatum L., Antioxidant, Antimicrobial, Antimutagenic
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DPPH free radical scavenging activity.
DPPH radical scavenging activity was determined
using the method of Bakhshi ve Arakawa [23] and
Rezaeirad et al. [24]. The absorbance at 515 nm
was measured by the spectrophotometer (Unico
S1205) and the inhibition of the DPPH radical by
the sample was calculated using the formula: ((Absorbance control-absorbance sample)/ Absorbance
control) × 100).

MATERIALS AND METHODS
Plant Samples and Extraction. Leaves and
berries of Arum maculatum L. collected from Sanliurfa province (Fistikozu Village/Halfeti) in the
South-East of Anatolia in Turkey. These samples
were cleaned from debris, dried at room temperature in the shade and eventually powdered. 30 g of
powdered plant materials were loaded to Soxhlet
apparatus and extracted with 300 mL of methanol
(polarty index: 6.6) for 6 h. The resulting mixtures
were concentrated by Rotavapor (Scilogex RE100Pro). Concentrated and filter-sterilized extracts
were refrigerated (-18 °C) until use for antioxidant,
antimicrobial, and antimugenic effect analysis.

Ferric reducing ability assay (FRAP). The
ferric ions reducing ability (FRAP) was examined
according to the method described by Benzie and
Strain [25]. Absorbance was recorded at 593 nm
using the spectrophotometer (Unico S1205). FeSO4
solutions were used for calibration. The ferric ions
reducing ability of per samples was calculated from
the linear calibration curve and expressed as mmol
Fe II/g equivalents per gram of sample.

Total Phenolic (TPC) and Ascorbic Acid
Contents (TAC). Total phenolic content (TPC) was
examined by using Folin-Ciocalteu method [17]
and gallic acid was used as a standard. The results
were expressed as mg of gallic acid equivalents
(GAE) per 100 g of dry weight (DW). Determination of TAC of leaves and berries of Arum maculatum L. were made by using spectrofotometric method [18]. Results were expressed as milligrams of
ascorbic acid content per 100 g of dry sample
(mg/g).

Antimicrobial Activity. The antimicrobial activities of methanolic extracts of Arum maculatum
were determined using the agar well diffusion
method. Enterobacter aerogenes, Escherichia coli,
Staphylococcus aureus ATCC 6538, Pseudomonas
aeroginosa ATCC 9027, Lactobacillus casei ATCC
393, Candida albicans and Yarrovia lipolytica used
as the test microorganisms. Agar wells (11 mm
diameter) were prepared by a sterilized cork borer
DQGȝ/RIHDFKH[WUDFWZDVDGGHGWRWKHZHOOV
1% of each microorganism (106 - 107 colony - forming units/mL suspension) was added to 15 mL of
sterile media (Mueller - Hinton agar for bacteria,
and Sabouraud 2% glucose agar for yeasts) to inoculate assay media [26, 27]. Ampicillin was used as
a positive control. Inhibition zones were measured
using a digital caliper and all tests were performed
in triplicate.

Pigments Analysis. The leaves of Arum maculatum L. were used for the extraction of pigments
and this process was performed according to the
method described by De-Kok and Graham [19].
Absorbance was measured at 470, 645, and 662 nm.
Chlorophyll a (Cha), chlorophyll b (Chb), and total
carotenoid (Cx) contents were calculated according
to the method described by Lichtenthaler and Wellburn [20].
Total Anthocyanin Content. Determination
of total anthocyanin content of berries of Arum
maculatum L. was made by using the method described by Giusti and Wrolstad [21]. The samples
absorption was measured spectrophotometrically
(Unico S1205) at 530 nm. Molar absorptivity of
cyanide-3-glucoside was used to determine the total
anthocyanin content. Results were expressed as
milligrams of total anthocyanin per 100 grams of
berry sample (mg/100 g).

Minimal Inhibition Concentration (MIC).
MIC was studied for microorganisms that were
found to be susceptible to methanolic extracts of
Arum maculatum L. MIC of extracts obtained from
the berry and leaf samples were determined by the
modified method of the Nakamura et al. [28]ȝ/
(1 × 108 cfu/ml) of each microbial culture (18 h)
adjusted for McFarland 0.5 was inoculated into the
tubes containing the medium (Mueller Hinton Broth
for bacteria, Sabourand 2% Glucose Broth for
yeast) and serial dilutions of extracts. After 24
hours of incubation, the lowest extract concentration in the tubes without bacterial growth was determined as MIC.

Antioxidant Activity. ABTS free radical scavenging activity. ABTS (2,2'-azino-bis(3ethylbenzothiazoline-6-sulfonic acid) radical scavenging activity was examined by using the method
of Re et al. [22]. The absorbance at 734 nm was
measured by the spectrophotometer (Unico S1205)
and inhibition percentage was calculated. ((Absorbance control-absorbance sample)/Absorbance control) x 100).

Antimutagenic Activity. Bacterial culture.
TA 98 and TA 100 strains of Salmonella typhimurium were used to test the antimutagenic activities of the parts of Arum maculatum L. The strains
were routinely checked to confirm their genetic
properties [29].
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recorded that this plant used as antifungal amoung
the local people in Sakarya (Turkey). In addition, it
was reported in another study that essential oil of
Arum maculatum showed antimicrobial activity
against different test microorganisms. The highest
activities were seen against Staphylococcus aureus
with MIC: 32 mg/ml, Staphylococcus epidermidis
with MIC: 4 mg/ml and Escherichia coli with MIC:
4 mg/ml [30].
Lactobacillus casei ATCC 393 is a probiotic
bacterium. While the leaf extract exhibited antibacterial activity against L. casei ATCC 393, extract of
berries did not show effect. Furthermore it was
observed in this study that no parts of Arum maculatum L. displayed antifungal effect against test
microorganisms used in this study.

Antimutagenicity test. The Ames test [29]
was used to detemine the antimutagenic activities of
the parts of Arum maculatum. Four different concentrations of methanolic extracts of Arum maculatum L.    DQG  ȝ/3ODTXH) were tested
without the metabolic activation system S9 mix
using the TA 98 and TA 100 strains of S. typhimurium. 4-Nitro-O-phenylenediamine (4-NPD; Cat.
No. 10,889 8, Sigma Aldrich, St. Louis, MO, USA)
IRU7$ ȝJ3ODTXH) and sodium azide for TA
 ȝJ3ODTXH) (SA; Cat. No. S 2002, Sigma
Aldrich) were used as a positive control. The bacteULDO FXOWXUH  ȝ/3ODTXH), extract, and mutagen
(4-NPD or SA) were added to 2 mL of top agar.
The content of each tube was gently mixed and
poured onto minimal glucose agar. The plates were
incubated at 37 ºC for 48 - 72 h. The analyses were
performed in triplicate.

Antimutagenic Effects. The antimutagenic
activity tests were performed using the S. typhimurium TA 98 and TA 100 strains and results were
shown in Table 2 and 3. It was determined that
while no doses of the extract of berries (10, 20, 40
and 80 μL/Plaque) displayed the antimutagenic
effects, the lowest (10 μL/Plaque) and the highest
doses (80 μL/Plaque) of the leaves extract exhibited
the antimutagenic activity against induced mutagenesis in S. typhimurium TA 98 (Table 2). These
antimutagenic results are useful and desirable for
health.
However it was establised that no doses of the
berries and leaves extracts (10, 20, 40 and 80
μL/Plaque) displayed the antimutagenic effects
against induced mutagenesis in S. typhimurium TA
100 (Table 3). No study associated with antimutagenic activity of Arum maculatum L. has been
found in the data. However, Nabeel et al. [31] were
demonstrated that Arum maculatum extract induced
abnormalities in the mitotic division phase of the
bone marrow cells of mice. It was reported in another study that ethanol (36.1%) and methanol
(41.7%) extracts of Arum euxinum exhibited the
antitumor activity [32]. Additionally, Larasati et al.
informed that extract of Arum palaestinum displayed the cytotoxic activity [33].

Statistical Analyses. The SPSS (version 16)
statistical analysis package was used to analyze the
results of this study.

RESULTS AND DISCUSSION
Antimicrobial Activities and MIC Values.
Bioactivities of berries used for traditional medicine
and leaves consumed as soup in Sanliurfa province
in Turkey of Arum maculatum L. were examined in
this study. The results of antimicrobial activity tests
have shown Table 1.
According to results, the highest antibacterial
activity of berries and leaves of Arum maculatum
were observed against Pseudomonas aeroginosa
ATCC 9027 (19.20 and 27.67 mm, respectively).
Additionally the lowest MICs in berries and leaves
were also observed against Pseudomonas aeroginosa ATCC 9027 (9.44 and 25.56 mg/mL, respectively). There are few studies related to antimicrobial
effect of Arum maculatum L. in the data. One of
these studies was carried out by Uzun et al. [14]. It
was reported in that study that petroleum ether
extract of Arum maculatum displayed antibacterial
effect against Staphylo-coccus epidermidis with
0,&YDOXHRIȝJP/$GGLWLRQDOOy, researchers

TABLE 1
Antimicrobial activities of Arum maculatum L. against test microorganisms
Berries of Arum maculatum
L.
Inhibition zone
MIC
(mm)
(mg/ml)
Enterobacter aerogenes
18.64 ± 1.85
9.57
Escherichia coli
18.87 ± 0.77
9.88
17.86 ± 0.90
10.20
Staphylococcus aureus ATCC 6538
Pseudomonas aeroginosa ATCC
19.20 ± 0.13
9.44
9027
Lactobacillus casei ATCC 393
Candida albicans
Yarrovia lipolytica
$OOYDOXHVDUHSUHVHQWHGDV³PHDQV6'´ Q 
Microorganisms
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Leaves of Arum maculatum L.
Inhibition zone
MIC (mg/ml)
(mm)
27.34 ± 0.55
25.90
22.26 ± 0.82
30.68
22.67 ± 0.11
29.99
27.67 ± 1.37
25.56
14.98 ± 0.30
37.49
-

Positive control
Ampicillin
12.54 ± 0.27
10.33 ± 0.46
11.31 ± 0.45
15.94 ± 0.47
-
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TABLE 2
Antimutagenic activity of Arum maculatum L. on S. typhimurium TA 98
Strain of
S. thphimurium

TA 98

TA 98

Extract

Berries of
Arum maculatum

Leaves of
Arum maculatum

Concentration
(μL/Plaque)
Control
Positive control
(4-NPD)
Methanol
Met+Pc
10 μL/Plaque
20 μL/Plaque
40 μL/Plaque
80 μL/Plaque
Control
Positive control
(4-NPD)
Methanol
Met+Pc
10 μL/Plaque
20 μL/Plaque
40 μL/Plaque
80 μL/Plaque

Revertant Coloni Count
17.00 ± 6.51
435.3 ± 62.3
9.00 ± 1.15
482.7 ± 31.7
554 ± 127
548.0 ± 88.1
272.0 ± 45.6
356.7 ± 38.5
17.00 ± 6.51
435.3 ± 62.3
9.00 ± 1.15
482.7 ± 31.7
217.3 ± 47.9 ab
325.3 ± 69.5
443.3 ± 44.3
276.7 ± 21.8 b

4-NPD: 4-nitro-o-fenilendiamine, **Sd: Standard deviation, Met+Pc: Methanol+Positive control, a: significant difference between positive
control, b: significant difference between mHWKDQROSR]LWLYHFRQWUROS

TABLE 3
Antimutagenic activity of Arum maculatum L. on S. typhimurium TA 100
Strain of
S. thphimurium

TA 100

TA 100

Extract

Berries of
Arum maculatum

Leaves of
Arum maculatum

Concentration
(μL/Plaque)
Control
Positive control
(SA)
Methanol
Met+Pc
10 μL/Plaque
20 μL/Plaque
40 μL/Plaque
80 μL/Plaque
Control
Positive control
(SA)
Methanol
Met+Pc
10 μL/Plaque
20 μL/Plaque
40 μL/Plaque
80 μL/Plaque

Revertant Coloni Count
Mean±SD**
387.0 ± 71.1
7429 ± 1312
300.3 ± 96.4
5965 ± 928
6415 ± 1062
5889 ± 1706
6245 ± 1082
7205 ± 163
387.0 ± 71.1
7429 ± 1312
300.3 ± 96.4
5965 ± 928
6282 ± 1209
6551 ± 1192
5716 ± 1306
3814 ± 459

SA: sodyum azid, **Sd: Standard deviation, Met+Pc: Methanol+Positive control, a: significant difference between positive control, b: significant difference between methanol+pozitive controlS

ȝJPO DQG WKLV H[WUDFW H[KLELWHG UHGXFWLYH DELOLW\
Additionally, methanolic extract of this plant displayed high DPPH radical scavenging activity
(93.33±0.58%) [34]. In addition, Kianinia and Farjam [30] showed that IC50 value (in DPPH assay) of
essential oil of Arum maculatum was 24.86 mg/mL.
Some factors such as geographic location of plant,
solvent of extract, method of extraction or storage
condition can effect the results of studies.
It was found in this study that ascorbic acid
value of leaf extract was higher than berries (230.4
and 195.7 mg/100g, respectively). Additionally,
because of red color of berries total anthociyanin
was determined at high level (41.1 mg/100g).

Biochemical Analysis. The results of the biochemical analysis of berries and leaves of Arum
maculatum L. have been shown in Table 4 and 5,
respectively.
According to results obtained from this study,
the extract of berries exhibited the higher values of
TPC and antioxidant activity (ABTS, DPPH and
FRAP) than leaf extract. Moreover, it has observed
that TPC and FRAP values of berries (960.6
mg/100g and 884.1 mmol/g, respectively) are about
eight times higher than leaves (134.9 mg100g and
101.7 mmol/g, respectively). There are some studies on biochemical analysis of Arum maculatum L.
It was reported in one of them that total flavonoid
content of Arum maculatum L. was 533.3±109.9
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TABLE 4
Results of biochemical analysis of berries of Arum maculatum L.
TPC
TAC
FRAP
DPPH
ABTS
(mg/100g)
(mg/100g)
(mmol/g)
(%)
(%)
960.6±7.6
195.7±16.6
884.1±74.5
55.1±0.6
54.8±0.32
TPC: Total phenolic content7$&7RWDODVFRUELFDFLGFRQWHQW$OOYDOXHVDUHSUHVHQWHGDV³PHDQV6'´ Q 

Total Anthocyanin
(mg/100g)
41.1±0.7

TABLE 5
Results of biochemical analysis of leaves of Arum maculatum L.
TPC
Ascorbic Acid
FRAP
DPPH (%)
ABTS (%)
Cha
Chb (μg/g)
Cx
(mg/100g)
(mg/100g)
(mmol/g)
(μg/g)
(μg/g)
134.9±2.3
230.4±12.7
101.7±2,7
39.5±2.3
41.9±1.79
3.901±0.09
0.924±0,02
0.370±0.06
TPC: Total phenolic content, Cha: Chlorophyll a, Chb: Chlorophyll b, Cx: Total carotenoid$OOYDOXHVDUHSUHVHQWHGDV³PHDQV6'´ Q 
3)

[6] Köse, Y.B., Ocak, A., Duran, A., Öztürk, M.
(2005) Medical usages and the folk names of
VRPH SODQWV LQ (VNLúHKLU SURYLQFH 7XUNH\ .
SDU International Journal of Educational Studies. 9, 155±163. (In Turkish)
[7] 6DWÕO, F., Akçiçek, E., Selvi, S. (2008) An ethnobotanical study in Madra Mountain
(BalÕNHVLUø]PLU DQG vicinity. Research Journal
of Biology Sciences. 1, 31±36.
[8] 6DWÕO, F., Selvi, S., Polat, R. (2011) Etnic uses
and of pine resin production from Pinus brutia
E\QDWLYHSHRSOHRQWKH.D]GD÷0RXQWDLQ 0W
Ida) in Western Turkey. Journal of Food Agriculture and Environment. 9, 1059±1063.
[9] 8÷XUOX, E., Seçmen, Ö. (2008) Medicinal
plants popularly used in the villages of Yunt
Mountain (Manisa-Turkey). Fitoterapia. 79,
126±131.
[10] Lack, A.J., Diaz, A. (1991) The pollination of
Arum maculatum L. ± a historical review and
new observations. Watsonia. 18, 333-342.
[11] Kozuharova, E., Kochmarov, V., Kachaunova,
E., Espindola, A., Aleksandrov, B., Minchev, I.
(2014) Distribution of Arum (Araceae) in Bulgaria. Flora Mediterranea. 24, 51-62.
[12] John, R. (2009) Arum maculatum, cuckoopint,
lords and ladies [Online]. Available from:
http://www.thepoisongarden.co.uk/atoz/arum_
maculatum.htm [Retrieved on 2009].
[13] Everest, A., Ozturk, E. (2005) Focusing on the
ethnobotanical uses of plants in Mersin and
Adana provinces (Turkey). J. Ethnobiol. Ethnomed. 1, 1-6.
[14] Uzun, E., Sariyar, G., Anderson, A., Karakoc,
B., Ötük, G., Oktayoglu, E., Pirildar, S. (2004)
Traditional medicine in Sakarya province (Turkey) and antimicrobial activities of selected
species. Journal of Ethnopharmacology. 95,
287-296.
[15] Demirci, S., Ozhatayi, N. (2012) An ethnobotanical VWXG\LQ.DKUDPDQPDUDú 7XUNH\ ZLOG
plants used for medicinal purpose in Andirin,
.DKUDPDQPDUDú Turk J. Pharm. Sci. 9(1), 7592.

In despite of toxic effect of Arum maculatum
L., this plant used for nourishment and medical
purposes since ancient times. In addition, archeological evidences also indicated the uses of Arum
maculatum by people since ancient times [35].
Consequently, high antimicrobial activity against
test microorganisms, moderate antioxidant effect,
antimutagenic activity in some doses and different
biochemical content of Arum maculatum L. were
demostrated in this study. This findings may be
useful for further studies on Arum maculatum and
medicinal investigations.
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genotypes those are tolerant to low temperatures for
the plant species that are consumed extensively
such as beans would increase global bean cultivation. In a study on the effects of low and high temperatures on bean genotypes, it was indicated that
there were genotypes that are tolerant to low and
high temperature stress conditions in addition to the
bean genotypes that are negatively affected by
stressful environments [3].
There are also some studies on low temperature stress in common bean in several regions in
Turkey. In a study on cold tolerance responses of
14 bean genotypes cultivated in early and normal
periods under field conditions, it was reported that
the genotypes with white testa and low tannin content germinated more rapidly when compared to the
genotypes with colored testa and high tannin content in early planting where the temperatures were
low. Moreover, the genotypes # 339, and 568 that
were prominent with high seed yield with white
testa were more tolerant to early planting, thus, to
low temperatures when compared to other genotypes [4]. In cool climates and cold ecologies, the
varieties with short maturing period are required for
guaranteed bean cultivation. The four common
bean lines (# 114, 218, 473 and 510) that were
determined to be promising in previous studies and
cv. Aras-98 and cv. Yakutiye-98 that were registered for Eastern part of Turkey were tested for
maturation period, yield and yield factors comparatively in two different locations and it was reported
that the line # 114 matured 26 days before the other
registered lines and 13-14 days from the other cultivars [5]. In a study that determined total temperature requirements of common bean in different
planting dates and for yield and different growth
periods, it was reported that the highest yields were
obtained with early July sowing and the yield decreased as the sowing approached autumn in Aegean region of Turkey [6].
There are several approaches for reducing low
temperature stress in several crop productions. In
order to prevent the adverse effects of low temperatures on tomatoes, it was indicated that the adverse
effects of the low temperature environment decreased in grafted tomato seedlings [7]. It was also
reported that in sugarbeet plants that experience

ABSTRACT
In plant production, when the plant is exposed
to any biotic and abiotic stress during the process
from planting to harvest, a deficiency is observed in
plant growth. Especially in plants with high temperature requirements, low temperatures lead to
damages in plant shoots and roots. Thus, the present
study aimed to determine low temperature tolerant
bean genotypes in order to provide convenience for
the producers and researchers. Among 21 bean
genotypes exposed to low temperature stress, plant
fresh and dry weight, stem diameter, plant height,
leaf number and area, leaf relative water content,
membrane damage index and ion (K and Ca) content were determined. Bean seeds were sown in 2liter pots containing 2: 1 peat + perlite mixture, and
2 plants per pot. The plants that were exposed to
low temperature stress were sown in a high tunnel
on March 15, when the external temperatures were
low, and irrigated with water containing Hoagland
nutrient solution. When the bean seedlings were 20
days old, the half of pots were removed from the
high tunnel and exposed to low temperatures outside for 20 days. On the 40th day, the experiment
was terminated, and it was determined that the
genotypes C19, C18, and C30 beside cv. Yakutiye
were resistant to low temperature stress, while the
genotypes A90, A97, A67, and C13 beside cv.
Zulbiye were susceptible to low temperature stress.

KEYWORDS:
Ion, Low temperature, Phaseolus vulgaris L., Plant
growth.

INTRODUCTION
Since abiotic stress limits the plant growth,
losses occur in plant yield and quality. Especially in
regions where low temperatures are dominant, the
use of varieties that are tolerant to low temperatures
in plant production provides a great advantage to
producers and researchers [1, 2]. Turkey, which is
the genetic center of several agricultural crops, is
also rich in plant diversity. Thus, discovery of the
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several vegetables in each region in Turkey. In the
present study, 19 bean genotypes and two cultivars
(Yakutiye, reported to be resistant against low temperatures, and Zulbiye, reported to be sensitive to
low temperatures) were tested and the study aimed
to determine low temperature resistant and sensitive
genotypes.

physiological damages under low temperature
stress, the damages decreased with CsSTS RNA
application [8]. When the properties such as germination rate, the number of plants that survive the
winter, and the rate of plants that survive the winter
are examined in oat, it was stated that the genotype
E35 had the lowest and the genotype E1 had the
highest germination rates [9]. In a study that investigated 122 lentil genotypes in DiyarbakÕU UHJLRQ
based on cold, arid and other agricultural and botanical properties, 13 genotypes were selected for
use in trials on resistance to this kind of environmental conditions [10].
In a study that investigated hydrogen peroxide
(0.5, 1.0, and 2.0 mM) and a-tocopherol (25, 50,
and 100 mg L-1) to determine the effects of low
temperature on cucumber, it was determined that
the tolerance of the plant against low temperature
stress improved due to properties such as plant
height, leaf number and dry leaf weight [11]. The
cell wall was affected due to the impact of corn
pectin content and changes in the osmotic potential
of corn leaf cells under low temperatures (12/14C°)
[12]. In a study on the variation of cold acclimation
capacity and frost resistance in three natural populations of perennial sunflower species (Texas, Kansas and Manitoba), it was reported that the Manitoba species was more resistant to low temperatures
and frost [13]. It was reported that the genotypes
C33, C98, C124 and C148 exhibited better yield in
a study that aimed to determine low temperature
tolerant species among young sunflower plants
[14].
Since abiotic stress prevents the water intake
of the plants, drought damage is also observed in
plants. In a study conducted to determine the resistance and sensitivity of 48 bean genotypes
against drought stress, it was determined that the
genotypes V7, V15, V33, V82, V 89 and Yakutiye
were resistant against drought, while the genotypes
V21, V62, V69, V71, V86, V95, T7 and Zulbiye
were susceptible to drought [15]. It was reported
that in beans exposed to drought stress, leaf number, leaf area, plant height and weight, stem diameter and leaf water content ratio, and K and Ca contents decreased, and the membrane damage index
increased [15, 16]. It was reported that the plant
weight, leaf number, stem diameter and leaf water
content ratio decreased and membrane damage
index increased in tomato plants exposed to drought
stress [17, 18]. Water and high temperature stress
adversely affected the development of sensitive
bean genotypes, while the drought stress applied to
tomato genotypes led to significant reduction in
fresh and dry weight, leaf area and relative water
content under drought stress when compared to the
control group [3].
Turkey, which has a significant plant potential, is also the genetic center for several vegetables.
Thus, it is possible to find several genotypes of

MATERIALS AND METHODS
The variations in plant fresh and dry weights,
stem diameter, plant height, leaf number and surface, relative leaf water, and ion (K and Ca) content
in two bean cultivars and 19 bean genotypes exposed to low temperature stress were determined.
Bean seeds were sown in 2-liter pots containing 2:1
peat + perlite mixture, and two plants in each pot.
The seed sowing that was exposed to low temperature stress were conducted in a high tunnel on
March 15 when the exterior temperatures were low.
The irrigation with Hoagland nutrient solution was
conducted until the end of the experiment. Common
bean seedlings were exposed to lower temperatures
for 20 days after the removal of the high tunnel
when the plants were 20 days old. The control
group bean seedlings were sown in the pots in the
high tunnel on April 25 and irrigated with water
that included Hoagland nutrient solution and the
experiment was terminated on the 40th day. The
experiment was conducted as a factorial randomized complete block experimental design with four
replicates and 4 pots in each replicate and two seedlings per pot. The temperatures in the low temperature environmental condition in the study were set
as 15.65 ºC in the high tunnel during daytime, 7.55
ºC during nighttime. The temperatures in the control environmental condition in the study were set
as 23.47 ºC in the high tunnel during daytime,
13.64 ºC during nighttime.
The following analyses were conducted on the
samples:
Determination of fresh and dry weights. All
plants were weighed on a precision scale (±0.1g).
Then, the samples were open air dried one day, and
oven dried for 48 hours at 65 C° till reach a constant weight, and the dried samples were weighed
on a precision scale (±0.1g).
Determination of the plant height and stem
diameter. The shoot lengths in bean plants were
measured with a ruler (±0.1 cm), and their stem
diameters were measured with a digital display
caliper (±0.1 mm).
Determination of the number of leaves and
leaf area. At the end of the low temperature experiment, the number of leaves was counted and the
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TABLE 1
Membrane damage Index (MDI) (%) and leaf relative water content (LRWC) (%) of
the bean genotypes in low temperature stress
Bean
Genotype
1 - C154
2 - C13
3 - C19
4 - C18
5 - C80
6 - C152
7 - C32
8 - C153
9 - C30
10 ± Y
11 - A67
12 - C155
13 - C67
14 - A95
15 - C121
16 - A26
17 - A29
18 - C82
19 - A97
20 ± Z
21 - A90

MDI in low
temperature stress
27.3575de
35.5800a
12.8275j
15.5075Õ
19.5250h
25.3975f
30.7600c
23.1375g
10.2125k
11.4650jk
28.3450d
11.2350k
Õ
18.9250h
19.4850h
28.9475d
Õ
12.8450j
26.2800ef
33.2825b
28.2075d

LRWC
in control
73.4900d
68.1550jk
72.1375e
75.0125c
64.5425m
77.2500ab
67.5375jk
70.6850fg
72.1325e
65.9700l
ÕM
71.3250ef
75.5225c
78.0850a
63.1375n
69.9275gh
78.1125a
77.0475b
70.6400fg
67.3100k
6KÕ

LRWC in
low temperature stress
66.1550c
47.5725kl
65.0850d
67.4500b
Õ
62.8675ef
58.0400h
62.5375f
67.1825bc
60.0825g
47.1250l
63.8350e
66.8375bc
68.6050a
48.5450k
44.9275m
63.2025ef
67.9375ab
54.0850j
47.0800l
43.5175m

% Change
(LRWC)
-9.98
-30.19
-9.77
-10.08
-13.28
-18.62
-14.06
-11.53
-6.86
-8.92
-30.99
-10.51
-11.49
-12.14
-23.11
-35.75
-19.08
-11.82
-23.44
-30.05
-37.03

*: There is a significant difference (p<0.05) among the different letters in each column.

leaf areas were determined as cm2 with a planimeter
in all bean genotypes.

(MDI) was calculated by the following formula [20,
21, 22].
Lt-Lc
MDI = ---------------- x 100
1 - Lc

Determination of the leaf relative water
content (LRWC). At the end of the experiment,
fresh leaf samples were sampled, weighted (FW)
and kept in distilled water for four hours to calculate their turgor weights (TW). Then, the samples
were kept in an oven (65 °C) for 48 hours and
weighted (DW). The below formula was used in
order to calculate the relative water content of the
bean genotypes [17, 19, 20, 28].

Lt: The first EC value of low temperature
stressed leaf disk samples / The second EC value of
drought stressed leaf disc samples kept at 100 ° C
for 10 minutes
Lc: The first EC value of control leaf disk
samples / The second EC value of control disk
samples kept at 100 ° C for 10 minutes

(FW-DW)
LRWC = -----------------x 100
(TW-DW)

Mineral element analysis. At the end of the
low temperature experiment, the shoot and root
samples from stressed and control plants were dried
in an oven at 65 ºC until reach a constant weight.
Then the dry samples (200 mg) were grounded, prelit by ethyl alcohol, and lit till ash formation at 550
C°. The ash samples were dissolved with a 3.3 %
HCl solution, filtered with a blue-band filter paper,
and Na, K, and Ca was determined in an atomic
absorption device (Thermo trade brand serial no:
ice3000 series aa spectrometer) [23, 24, 25].

Determination of relative growth rate (g
fresh weight day-1). Before and after low temperature stress applications, the plants were weighed
and the difference between the two measurements
was divided by the number of days [21, 29].
Determination of the membrane damages
in the leaf cells. Membrane Damage Index (MDI)
in bean leaves was calculated by measuring the
electrolyte out of the cell. The 17 mm diameter
discs taken from the bottom 3 leaves were incubated for 5 hours in 10 ml distilled water, and their EC
values were measured. The same disc samples were
kept at 100 °C for 10 minutes, and their EC values
were measured again. Membrane Damage Index

The statistical analysis. Analysis of Variances based on general linear models [26] carried
out by SAS 9.4.1 statistical program was used.
'XQFDQ¶V multiple comparison test was used to
measure the statistical differences between genotype.
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TABLE 2
K and Ca contents (%) of the bean genotypes in low temperature stress
%
K content in low
Ca content in
Change
temperature
control
(K)
stress
1 - C154
2.8675ab
2.65750bc
-7.32
3.7550b
2 - C13
2.9500a
2.75500ab
-6.61
3.7675b
3 - C19
2.8450ac
2.73000ab
-4.04
3.7500b
4 - C18
2.9150ab
2.78000a
-4.63
4.8300a
5 - C80
2.6800ad
2.62000cd
-2.63
3.7800b
6 - C152
2.7350ad
2.58500cd
-5.48
3.7200b
7 - C32
2.8150ad
2.59000cd
-7.99
3.4575b
8 - C153
2.5750ae
2.42750ef
-5.72
3.3875b
9 - C30
2.6750ad
2.52500de
-5.61
3.6425b
10 - Y
2.8875ab
2.77000a
-4.07
3.5125b
11 - A67
2.5650be
2.43000ef
-5.26
3.7475b
12 -C155
2.2650ef
2.11750h
-6.51
3.7025b
13 - C67
2.7875ad
2.68500abc
-3.68
3.6550b
14 - A95
2.4775cde
2.41250f
-2.62
3.5300b
15 -C121
2.6025ae
2.46250ef
-5.37
3.4400b
16 - A26
2.7675ad
2.63000c
-4.97
3.7900b
17 - A29
2.6400ad
2.47500ef
-6.25
3.8125b
18 - C82
2.7025ad
2.52250de
-6.66
3.3725b
19 - A97
2.9700a
2.30500g
-22.39
3.4025b
20 - Z
2.4450de
2.21000h
-9.61
3.2675b
21 - A90
2.7125ad
2.16000h
-20.37
3.7325b
*: There is a significant difference (p<0.05) among the different letters in each column.
Bean
Genotype

K content in
control

Ca content in
low temperature
stress
3.3625ab
3.0950ce
3.2525ad
3.3900a
3.3325ac
3.2975ac
3.1075be
2.9200he
3.2800ac
3.1925ad
3.2800ac
2.9150ef
2.8350fg
3.1650ad
3.2150ad
3.1825ad
3.1775ad
2.9975df
2.8700fg
2.6650g
2.8800eg

%
Change
(Ca)
-10.45
-12.34
-17.85
-29.81
-11.84
-11.36
-10.13
-13.80
-9.95
-9.11
-12.47
-21.26
-22.43
-10.34
-6.54
-16.03
-16.65
-11.12
-15.65
-18.43
-22.84

yield when compared to all other genotypes [4].
The maturation period, yield and yield factors for
the lines # 114, 218, 473 and 510 and cv. Aras-98
and cv. Yakutiye-98 were tested comparatively in 2
locations in cool climate and ecologies, and it was
reported that the line # 114 matured 26 days before
the cultivars and other lines matured 13-14 days
before the cultivars [5]. In another study, it was
reported that the highest yields were obtained with
early July sowing and the yields decreased as the
sowing approached autumn in a study that aimed to
determine the total temperature demands of the
bean plant in different sowing dates and for yield
and various growth periods [6]. Analysis of the
variations in K content in bean plants based on the
impact of low temperatures demonstrated that the
maximum K loss was 22.00b% in the genotype
A97, while the minimum K loss was 2.62 % in the
genotype A95 (Table 2). Analysis of the variations
in Ca content demonstrated that the maximum Ca
loss was 29.81 % in the genotype C18 and the lowest Ca loss was 6.54 % in the C121 genotype (Table
2).
It was indicated that bean, tomato and cucumber plants were physiologically harmed under low
temperature stress [1, 3, 8]. It was reported that the
plant weight, leaf number, stem diameter and relative leaf water content decreased and membrane
damage index increased in tomato plants that were
exposed to drought stress [17, 18]. In several abiotic stress conditions, the plants had some negative
growth symptoms due to low water intake. Water
and high temperature stress in beans adversely

RESULTS AND DISCUSSION
Plant cultivation in regions where low temperatures and a cold climate dominate is mostly limited
due to short vegetation. Moreover, the crops are lost
due to growth retardation and cold damages in plant
root, shoots, leaves and flowers in low temperatures. In common bean that requires high temperatures, yield and quality losses are often observed
under low temperatures. Thus, identification of the
genotypes tolerant to low temperatures and cold
climate would reduce the economic damages of
producers in cultivation.
The highest membrane damages were observed in the genotypes C13 and C32 and cv.
Zulbiye, while the lowest membrane damages were
observed in the genotypes C30 and C155 and cv.
Yakutiye (Table 1). Under low temperature stress,
the highest loss in relative leaf water content was
observed in the genotype C13 with 30.19 % and in
cv. Zulbiye with 30.05 %. The genotypes with the
highest relative leaf water content were C30, C18,
A95 and C82. The highest relative leaf water content loss was 8.92 % in cv. Yakutiye and 6.86 % in
the genotype C30 (Table 1).
It was reported that bean, tomato and cucumber plants are adversely affected by low temperature stress [1, 2, 3, 8]. In a study where the cold
tolerance and yield of 14 bean genotypes cultivated
in early and normal periods under field conditions
were analysed, it was reported that the lines # 339
and 568 were more tolerant to early planting, and
hence to low temperatures due to their high seed
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The highest variations in leaf area was observed in cv. Zulbiye (47.05 %) and the genotype
A97 (41.43 %) due to the low temperature effect,
while the lowest observed losses were 7.94 % in the
genotypes C155 and C19 (Table 5). The genotype
A90 was the most affected one in leaf number due
to low temperatures (30.47 %), while the genotype
C18 was the least affected genotype (1.73 %) (Table 5).
When the parameters such as germination rate,
number of plants that survive the winter, and the
rate of the plants that survive the winter were examined in oat plants, it was reported that E35 exhibited
the lowest germination rate and E1 genotype exhibited the highest germination in a cold tolerance
study [9]. It was reported that Alata-111 was the
most sensitive line in a low temperature test conducted with several pepper genotypes [10]. In a
study that investigated hydrogen peroxide (0.5, 1, 2
mM) and a-tocopherol (25, 50, 100 mg / l) to determine the effects of low temperature on cucumber, it was determined that the resistance of the
plant against low temperature stress improved due
to properties such as plant height, leaf number and
dry leaf weight [11]. The cell wall was affected due
to the impact of corn pectin content and changes in
the osmotic potential of corn leaf cells under low
temperatures (14/12 ° C) [12]. In a study on the
variation of cold acclimation capacity and frost
resistance in three natural populations of perennial
sunflower species (Texas, Kansas and Manitoba), it
was reported that Manitoba was more resistant to
low temperatures and frost [13]. It was reported that
the genotypes C33, C98, C124 and C148 exhibited

affected the growth of sensitive bean genotypes.
Under drought stress, it was reported that all tomato
varieties exhibited significantly reduced fresh and
dry weight, leaf surface and relative water content
when compared to the control group [3]. It was
stated that roots, flowers and beans dried in a study
due to 50% PEG 6000 administration to create
drought and semi-drought conditions in bean plants
[27]. It was observed that weight loss in bean plants
exposed to low temperature effect was higher in the
genotypes that are susceptible to low temperatures.
Among the bean genotypes, the lowest shoot weight
loss was 1.89 % in the genotype C82 and 5.49 % in
the genotype C30, while the weight loss in cv. Yakutiye was 8.74 % (Table 3). The highest shoot
weight loss was 55.97 % in the genotype A97,
while in cv. Zulbiye, the shoot weight loss was
52.96 % (Table 3). The genotypes with the lowest
root weight loss were C82 (11.25 %) and C80
(11.75 %), and the weight loss in cv. Yakutiye was
21.25 % (Table 3). The genotype with the highest
root weight loss was in the genotype C154 (45.06
%), while the root weight loss was 37.93 % for cv.
Zulbiye (Table 3).
Analysis of the plant height and stem diameter
in bean plants exposed to the low temperature effect
demonstrated that the highest effect on plant size
was observed in the genotype A67 with 41.84 %
and the highest effect on stem diameter (32.43 %)
was observed in the genotype C32 (Table 4). The
least plant height loss was 2.83 % in the genotype
C82. The least affected stem diameter was observed
in the genotype C19 with 2.23 % (Table 4).

TABLE 3
The fresh shoot and root weights (g) of the bean genotypes in low temperature stress study
%
Root fresh
Shoot fresh
Shoot fresh weights in
Change
weights in
weights in
low temperature stress
control
(Shoot)
control
1 - C154
15.3775c
Õ
-43.13
11.8950e
2 - C13
13.0050ef
Õ
-31.87
9.7200g
9.7225h
-17.45
7.9000k
3 - C19
11.7775gh
4 - C18
17.4075b
10.4450g
-39.99
15.0075a
5 - C80
15.7500c
7.9125j
-49.76
10.6675f
6 - C152
13.7425d
Õ
-37.31
ÕM
7 - C32
19.7625a
9.7100h
-50.86
15.0775a
--22.88
8.3150jk
8 - C153
Õ
76250j
9 - C30
11.5925h
10.9550f
-5.49
9.7100g
10 ± Y
12.4150fg
11.3300ef
-8.74
KÕ
11 - A67
12.9950ef
9.6025h
-26.11
9.7475g
12 -C155
15.6850c
14.3600b
-845
11.7875e
13 - C67
17.4675b
14.0250b
-19.71
11.8700e
14 - A95
13.1750de
11.3275ef
-14.02
9.5350gh
15 -C121
15.6850c
12.3625c
-21.18
12.7900d
16 - A26
17.0900b
11.6475de
-31.85
10.6450f
17 - A29
15.8525c
11.9150d
-24.83
12.8650d
18 - C82
17.4525b
17.1225a
-1.89
13.8200cd
19 - A97
19.4325a
Õ
-55.97
13.5225c
20 ± Z
19.1550a
Õ
-52.96
14.1050b
21 - A90
17.5425b
Õ
-50.97
13.0475cd
*: There is a significant difference (p<0.05) among the different letters in each column.
Bean
Genotype

8719

Root fresh weights in
low temperature
stress
KÕ
6.1425j
ÕM
12.4175a
9.4100bc
ÕM
9.5000bc
ÕM
7.7500f
7.1875g
6.7250h
9.7025b
9.3025c
7.3200g
8.6700de
6.7075h
9.3350c
12.2650a
8.4400e
8.7550d
8.8725d

%
Change
(Root)
-45.06
-36.81
-19.72
-17.26
-11.79
-26.02
-36.99
-23.01
-20.18
-21.25
-31.01
-17.69
-21.63
-23.23
-32.21
-36.98
-27.44
-11.25
-37.58
-37.93
-31.99
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TABLE 4
The shoot Height (cm) and Stem diameter (mm) of the bean genotypes in low temperature stress study
%
Change
Stem diameter Stem diameter in low
(Shoot
in control
temperature stress
Height)
1 - C154
28.8575a
25.4325a
-11.87
7.0000d
6.4675b
2 - C13
20.6350c
14.4925j
-29.76
4.8850k
Õ
3 - C19
16.9900f
16.1350g
-5.03
5.0400jk
4.9275fh
4 - C18
18.5675de
18.0425d
-2.83
6.5850efg
6.1900bc
5 - C80
19.0200de
17.9900d
-5.42
6.2475gh
5.8725c
6 - C152
17.9975df
16.8800f
-6.21
Õ
KÕ
7 - C32
23.7325b
16.5750f
-30.16
7.5150ab
5.0775eg
8 - C153
14.2900g
11.7100l
-18.05
ÕM
4.5825gh
9 - C30
17.8375df
17.2600e
--3.23
ÕM
5.1100eg
-5.67
6.8425de
6.5950a
10 ± Y
16.8050f
15.8475g
11 - A67
17.4875ef
10.1700m
-41.84
6.3600fgh
4.6075gh
12 -C155
18.6250de
17.8975d
-3.91
7.4375bc
7.1550a
13 - C67
20.7100c
19.4725c
-5.97
7.1350cd
5.6850ce
14 - A95
19.3325cd
18.0650d
-6.56
6.6050ef
5.2500df
15 -C121
18.7050de
ÕJ
-21.43
7.7100ab
5.6675ce
16 - A26
22.5900b
13.9250k
-38.35
6.0550h
4.4775gh
17 - A29
20.7225c
16.6150f
-19.82
6.3425fgh
5.7925cd
18 - C82
22.6500b
20.5275b
-9.37
7.7250ab
7.1225a
19 - A97
24.0150b
14.6475j
-39.01
7.8325a
4.7250fh
20 ± Z
22.6650b
15.5150h
-31.54
7.1775cd
4.6725fh
21 - A90
22.6450b
Õ
-33.89
6.8050dh
4.8425fh
*: There is a significant differences (p<0.05) among the different letters in each column.
Bean
Genotype

Shoot Height
in control

Shoot Height in low
temperature stress

% Change
(Stem
diameter)
-7.61
-21.85
-2.23
-5.99
-6.01
-22.33
-32.43
-12.21
-3.03
-3.61
-27.56
-3.79
-20.32
-20.51
-26.49
-26.05
-8.67
-7.79
-39.67
-34.91
-28.84

TABLE 5
The Leaf area (cm2) and Leaf number (leaf) of the bean genotypes in low temperature stress study
Leaf area in
Leaf number
% Change
Leaf number
low
in low
(Leaf area)
in control
temperature stress
temperature stress
1 - C154
42.2075fh
38.745ae
-8.21
15.5925gh
13.9075f
2 - C13
48.3025a
38.315ae
-20.68
16.5325ef
13.4550g
3 - C19
43.8775df
40.393ac
-7.94
15.2650h
14.9750e
4 - C18
45.8300bd
41.318ab
-9.85
17.4475d
17.1450a
5 - C80
46.3125ac
40.793ac
-11.92
Õ
12.3800k
6 - C152
43.2975eg
37.288be
-13.87
16.4100f
ÕM
7 - C32
43.7675dg
28.583f
-34.69
17.3525d
12.5175jk
8 - C153
47.5350ab
36.128de
-23.99
12.6875k
11.2600m
9 - C30
Õ
31.198f
-15.06
16.8850e
16.0475d
37.168cde
-10.91
17.4075d
16.8125b
10 ± Y
41.7175gh
11 - A67
Õ
23.108g
-38.42
15.7000gh
11.8050l
12 - C155
44.7825ce
41.228ab
-7.94
15.6600gh
15.2000e
13 - C67
47.9950a
40.693ac
-15.21
16.4525ef
15.1400e
-35.87
18.5700a
16.7525b
14 - A95
Õ
23.438g
15 - C121
45.4150cd
40.080ad
-11.75
18.4825ab
16.5000c
16 - A26
41.8325fh
35.155e
-15.96
16.3375f
11.7650l
17 - A29
41.8975fh
36.428de
-13.05
15.7975g
13.5475g
18 - C82
46.7750ac
41.438a
-11.41
13.7600j
18.2200h
19 - A97
32.2150j
18.953h
-41.17
17.6800cd
ÕN
-47.05
18.0925bc
Õ
20 ± Z
40.9200h
21.665gh
21 - A90
41.0675h
29.573f
-27.98
18.3050ab
ÕM
*: There is a significant difference (p<0.05) among the different letters in each column.
Bean
Genotype

Leaf area
in control

% Change
(Leaf number)
-10.81
-18.61
-1.89
-1.73
-15.47
-22.56
-27.86
-11.25
-4.96
-3.42
-24.81
-2.94
-7.97
-9.78
-10.73
-27.98
-14.24
-32.41
-28.72
-29.41
-30.47

sistant against drought, while V21, V62, V69, V71,
V86, V95, T7 and Zulbiye varieties were susceptible to drought [15]. It was reported that in beans
exposed to drought stress, leaf surface and count,
plant height and weight, root crown diameter and
leaf water content ratio, and K and Ca content decreased, and the membrane damage index increased
[15, 16].

better yield in a study that aimed to determine low
temperature resistant species among young sunflower plants [15]. Since abiotic stress prevents the
water intake of the plants, drought damage is also
observed in plants. In a study conducted to determine the resistance and sensitivity of 48 bean genotypes against drought stress, it was determined that
V7, V15, V33, V82, V 89 and Yakutiye were re-
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cells of maize leaves (Zea mays L.). Protoplasma. 254(2), 713-724.
[13] Tetreault, H.M., Kawakami, T., Ungerer, M.C.,
Levy, C. (2016) Low temperature tolerance in
the perennial sunflower Helianthus maximiliani. The American Midland Naturalist. 175(1),
91-102.
[14] Helena, H., Václav, H., Lenka, N., Jaroslava,
0 0LODQ 6 )UDQWLãHN + 3KLOLSSH *
(2017) The effect of freezing temperature on
physiological traits in sunflower. Plant, Soil
and Environment. 63(8), 375-380.
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Animal and Plant Sciences. 27(3), 940-952
[16] Kabay, T.܇HQVR\ 6 (2017) Enzyme, chlorophyll and ion changes in some common bean
genotypes by high temperature stress. Ege
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In the present study that aimed to determine
low temperature tolerant and sensitive bean genotypes, plant fresh and dry weight, stem diameter,
plant height, leaf number and area, relative leaf
water content, membrane damage index and ion (K
and Ca) content were analysed in 21 bean genotypes. The analyses conducted after the experiments
demonstrated that the genotypes C19, C18, and C30
and cv. Yakutiye bean variety were tolerant to low
temperature stress, while the genotypes A90, A97,
A67, and C13 and cv. Zulbiye were sensitive to low
temperature stress. In conclusion, the present study
once more evidenced that the parameters applied to
determine the effects of low temperature stress on
bean genotypes were suitable methods in selecting
genotypes resistant to low temperature stress.
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EFFECTS OF MANCOZEB ON BIOCHEMICAL
HEMATOLOGICAL AND BLOOD ELECTROLYTE LEVELS
OF RAINBOW TROUT, ONCORHYNCHUS MYKISS
Tayfun Karatas*
Health Services Vocational School, Ibrahim Cecen University of Agri, 04100 Agri, Turkey

over, synthetic pyrethroids are used to control undesirable insects to increase agricultural production
and to enhance the processing of cereal grains, seeds
of cottons, tomatoes. However, although mancozeb
has a protective effect against fungal diseases, it can
cause adverse effect on water organisms and aquatic
ecosystems [1].
It has been reported that Mancozeb does not exert toxic effects when administered orally to different animal species such as rats, honey bees and rabbits, but has a highly toxic effect on fish and aquatic
organisms [2-4]. Mancozeb is hardly mutagenic or
not mutagenic at all. Although mancozeb is not carcinogenic, it has been shown that exposure to high
doses increases the risk of cancer in different animal
species such as rats, honey bees and rabbits. Mancozeb acts directly on the thyroid gland and the duration of body excretion and the half-life of mancozeb is approximately 96 hours [5, 6].
Biochemical and hematological parameters are
regarded as a sign of the general health status of living things. The fact that the hematologic and biochemical parameters of living things under stress
conditions are sensitive and they are very important
in determining the effect levels of changes in environmental conditions [7]. The use of hematological
and biochemical parameters to determine stress levels in living things is crucial for learning the physiological responses of living things to changing environmental conditions and to fully understand the effects of chemicals applied at different doses on the
physiological, hematological and biochemical
changes of living things.
The purpose of this study was to investigate the
effect of sub-lethal concentrations of mancozeb on
biochemical, hematological and blood electrolytes
levels of rainbow trout, Oncorhynchus mykiss.

ABSTRACT
This study was conducted to investigate the effects of mancozeb on biochemical, hematological
parameters and blood electrolytes levels (glucose,
total protein, creatine, urea, triglycerides, total cholesterol levels, alanine aminotransferase (ALT), aspartate aminotransferase (AST), lactate dehydrogenase (LDH), alkaline phosphatase (ALP), amylase,
red blood cell (RBC), white blood cell (WBC), hemoglobin (Hb), hematocrit (Hct), mean corpuscular
volume (MCV), mean corpuscular hemoglobin
(MCH) and mean corpuscular hemoglobin concentration (MCHC) and sodium, potassium, calcium) of
rainbow trout, Oncorhynchus mykiss.
After adaptation of fish, 10 fish (for each
group) were distributed into 4 tanks (2 replication).
The fish were exposed to three sub-lethal concentrations (D1:1.0, D2:1.8 and D3:2.0 mg/L, respectively) of mancozeb for 7 days (LC50: 2.2 mg/L).
Statistically, while significant increases
(p<0.05) in creatine, urea, ALT, AST, LDH, ALP,
amylase, sodium and calcium levels of D2 and D3
when compared control group were observed, significant decreases (p<0.05) in glucose, total protein, triglyceride, RBC, WBC, Hb and Hct levels were observed. However, no significant differences between
potassium, total cholesterol, MCV, MCH and
MCHC levels of control and treated groups were determined (p>0.05).
The results indicated that high concentrations
of mancozeb had the adverse effects on the biochemical, hematological parameters and blood electrolyte
levels of rainbow trout.

KEYWORDS:
Rainbow trout, hematology, biochemistry, blood electrolyte, mancozeb

MATERIALS AND METHODS
INTRODUCTION

Experimental animals and feeding. This
study was carried out in a commercial enterprise in
ARDAHAN province (10.01.2011). The fish were
allowed to wait for one week for the adaptation process before the experiment and then 10 rainbow trout
with an average weight of 210 ± 2 gr were randomly

Mancozeb, a synthetic pyrethroid, is used extensively to protect many fruits, vegetables, peanuts
and agricultural crops against fungal diseases. More-
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Hematology test. The hematological parameters such as erythrocyte count (RBC, ×106/mm3),
hematocrit (Hct, %), hemoglobin (Hb, g/dL), mean
corpuscular haemoglobin (MCH= (Hb in gr / RBC
in millions) × 10pg), mean corpuscular volume
(MCV= (packed cell volume as percentage/RBC in
millions) × 10μ3, fl), mean corpuscular haemoglobin
concentration (MCHC= (Hb in g/packed cell volume) × 100 g per 100 mL, %), leucocyte count
(WBC×104/mm3) were measured according to
method described by [11] and [12]. Shortly, the
likely smears were set up for Giemsa staining. After
applying the smears in % 96 ethanol for a 30-minute
period, they were air-dried and then exposed to
Giemsa staining for 30 minutes. The smears were
observed under a compound microscope.

distributed in the same number into 4 tanks with a
volume of 250 liters for each group. During the adaptation period, fish were fed twice a day with commercial trout feed and the ventilation of the tanks
was checked regularly. Daily cleaning of the tanks
was done and it prevented the accumulation of feed
waste in the tanks [8]. Physical and chemical analyzes of water; Dissolved oxygen 7.9 ± 0.3, Hardness
(CaCO3) 177.8 ± 2.8, Temperature (oC) 12.2 ± 1, pH
7.4 ± 0.4.
Acute toxicity. With regard to the acute effects
of agricultural chemicals, Mancozeb was defined as
LC50:2.2 mg / L [1]. For this, 4 treatment groups
were created, including the control group. For each
group, 10 fish were exposed to different doses (D1:
1.0 mg / L, D2: 1.8 mg / L and D3: 2.0 mg /L, respectively) of mancozeb for 7 days as 2 replicates.
Dead fish were regularly taken from the pool and
recorded.

Statistical analysis. Data obtained from this
study were determined with SPSS 16.0 for Windows
using one-way analysis of variance (ANOVA). Duncan's multiple range tests were used to determine differences between groups. p<0.05 was considered
statistically significant [13].

Blood samples and serum. After 7 days of
toxicity, 5cc injector was used to enter the caudal
vein of the fish and blood samples were taken from
the fish. The blood samples transferred to biochemistry tubes were waited to freeze and then centrifuged at 3,000 rpm for 10 min. Serum samples were
stored at -80 °C until run-time. The levels of glucose,
total protein, creatine, urea, triglycerides, total cholesterol levels, alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), lactate dehydrogenase (LDH), amilase,
sodium, potassium, calcium were determined from
the serum samples taken from -80 by using commercial kits and autoanalyzer Cobas C6000 (Roche Diagnostics, Mannheim, Germany) spectrophotometric method [9, 10].

RESULTS
The changes in hematological and biochemical
parameters of fish exposed to Mancozeb are shown
in Table 1, 2, 3 and 4. It has been determined that
there is no significant change in hematology, biochemistry and electrolyte levels of fish exposed to
dose of 1.0 mg /L of Mancozeb (p>0.05) (Table 1, 2,
3, 4). There were no statistically significant differences between total cholesterol and potassium levels
of D2 and D3 groups (p>0.05). But, while significant

TABLE 1
Changes in the biochemical parameters of rainbow trout exposed to different concentrations of Mancozeb
Metabolites
Glucose (mg/dL)
Total protein (mg/dL)
Creatine (mg/dL)
Urea (mg/dL)
Triglycerides (mg/dL)
Total cholesterol (mg/dL)

Control
63.4±0.12a
2.1±0.05a
0.10±0.01a
4.5±0.20a
410.2±14.2a
453.8±10.8

D1
55.7±0.02 a
1.9±0.03a
0.42±0.2a
5.5±0.3a
366.7±2.1a
455.1±7.1

D2
53.3±0.10b
1.5±0.05b
0.77±0.3b
6.3±0.1b
335.2±2.0b
451.1±7.2

D3
47.1±0.06b
1.4±0.04b
0.79±0.4b
6.5±0.4b
309.7±14.6b
456.3±12.5

The results were given as mean and standard deviation. Different letters indicate differences between groups
TABLE 2
Changes in the enzymes of rainbow trout exposed to different concentrations of Mancozeb
Enzymes
Control
D1
D2
D3
ALT (IU/L)
34.5±4.56 a
35.1±4.40 a
55.1±3.32 b
57.3±4.11 b
AST (IU/L)
498.2±8.6 a
502.3±10.9 a
580.5±11.3 b
603.6±15.7 b
a
a
b
LDH (IU/L)
774.2±3.3
811.4±3.8
885.7±6.8
902.1±7.2 b
a
a
b
ALP (IU/L)
58.2±4.31
61.4±2.41
78.1±2.79
85.3±2.83 b
Amilase (IU/L)
279.5±12.4 a
291.7±10.4 a
354.8±11.6 b
382.7±10.5 b
The results were given as mean and standard deviation. Different letters indicate differences between groups
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TABLE 3
Changes in the electrolytes of rainbow trout exposed to different concentrations of Mancozeb
Electrolytes
Control
D1
D2
D3
a
b
a
Sodium (mmol/L)
131.6±2.43
138.2±3.20
153.3±3.24
163.2±4.21 b
Potassium (mmol/L)
3.4±0.4
3.5±0.6
3.6±0.5
3.6±0.6
Calcium (mmol/L)
12.8±0.3 a
14.7±0.4 a
18.3±0.3 b
18.9±0.7 b
The results were given as mean and standard deviation. Different letters indicate differences between groups

TABLE 4
Changes in the hematological parameters of rainbow trout exposed to different concentrations
of Mancozeb
Blood Parameters
Control
D1
D2
D3
0.79±0.04 b
0.70±0.01b
1.13±0.03 a
RBC (mm3/106)
1.14±0.05 a
WBC (mm3/103)
6.13±0.19 
8.9±0.13 a
8.78±0.15 a
5.79±0.22 b

a
a
Hb (g/dL)
6.3±0.17
7.1±0.15
5.8±0.11 b
8.2±0.21
a
a
b
Hct (%)
31.6±1.4
29.5±2.3
22.1±1.40
15.2±0.98b
0&9 ȝ
296.8±2.18
277.96±0.75
265.5±3.16
258.5±2.17
65.2±1.80
58.5±2.30
52.1±1.70
0&+ ȝJ
68.4±1.30
24.9±0.82
21.6±0.54
19.2±0.60
MCHC (%)
25.6±0.75
The results were given as mean and standard deviation. Different letters indicate differences between groups

decreases in the glucose, total protein and triglyceride (Table 1) levels D2 and D3 groups when compared to control group were observed, significant increases (p<0.05) in the levels of creatine, urea, ALT,
AST, LDH, ALP, amylase, sodium and calcium (Tables 1, 2 and 3) were observed (p<0.05). RBC, WBC,
Hb and Hct, levels (Table 4) decreased significantly
in D2 and D3 groups exposed to different concentrations of Mancozeb (1.8 and 2.0 mg / L) according to
control group (Table 4) (p<0.05). Moreover, there
were decreases between the MCV, MCH and MCHC
levels of treated (D1, D2 and D3) groups according
to control group. But, these reductions were not statistically significant (p> 0.05) (Table 4).

the D2 and D3 groups according to the control group
were observed (p <0.05) (Table 1). This may be a
sign that the groups D2 and D3 are probably under
stress. Because, fish under stress conditions consume their glucose and triglyceride reserves to meet
their energy needs. Similar results were observed in
triglyceride and glucose levels of rainbow trout exposed to Cypermethrin [7]. However, in some studies, different species of fish exposed to different pesticides were determined increased serum glucose
levels of H. fossilis [17], O. niloticus [18], C. carpio
[19] and C. gariepinus [20]. In this study, creatine
and urea levels of D2 and D3 groups significantly
increased. But, total protein levels of these groups
significantly decreased (p <0.05) (Table 1). Probably, protein depletion may be because of a number
of pathological processes including renal damage,
reduction in liver protein synthesis, and even protein
elimination in urinary. Another cause of decreased
protein levels during exposure may be due to increased catabolism and anabolism of proteins. Similar findings were determined in O. niloticus 18] and
in C. gariepinus [21] exposed to deltamethrine.
Although AST and ALT are found in all cells
of body such as heart, kidney, liver, skeletal muscles,
brain, erythrocyte, intestine and gill, they are known
as liver enzymes [22]. The liver is involved in the
digestion of fats and in the detoxifying of drugs and
toxic substances that are formed in the body or taken
from the outside [23]. Mancozeb is known to have
the ability to change the structure of some enzymes.
These enzymes are soluble in the blood and are considered the best indicator of stress conditions. [13].
In the present study, significant increases (Table 2)
(p<0.05) in ALT and AST were observed. Increased
AST and ALT levels of D2 and D3 groups may be
effective on the gluconeogenic mechanism [24, 25].

DISCUSSION
Pesticides used for agricultural purposes can be
easily transported to rivers and ponds by rain or
flood waters [13]. Pesticides transported to rivers
and ponds can cause fish to deteriorate their general
health. Therefore, fish blood has an important role in
following the physiological and pathological
changes and in determining the effects on fish of
toxic substances in the water. Changes in the water
caused by toxic substances are directly reflected in
the circulation system of fish. Therefore, the circulatory system is regarded as a reflection of the response of fish to the changes in environmental conditions [7, 14]. There are many studies on the determination of changes in blood parameters of fish. It
has been reported that synthetic surrogates such as
mancozeb, azodrin, cypermethrin, deltamethrin and
fenvalerate may cause morphological, behavioral,
biochemical and neurotoxic stresses in freshwater
fish [15, 16, 7]. In the current study, Significant decreases in serum triglyceride and glucose levels in
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were not statistically significant (p >0.05). Decreased MCV and MCH values may be indicative of
hypochromic microcytic anemia (Table 4). The
cause of the decrease in MCHC may be due to the
decline in MCV value. Similar results have been obtained in the species of rainbow trout Oncorhynchus
mykiss [37, 1], African catfish Clarias gariepinus
[38], and indian carp, Cirrhinus mrigala [39]. The
WBC values of the D2 and D3 groups compared to
the control group were decreased (p<0.05) (Table 4).
The decrease in the WBC values may be associated
with the inhibition of leukocyte production. Similar
results were observed in rainbow trout Oncorhynchus mykiss exposed to Mancozeb [1]. On the contrary, increases in WBC levels of Africa catfish C.
gariepinus exposed to deltamethrin and lambdacyhalothrin were reported [20, 40].

Because, the increase in these aminotransferase levels may be indicative of the need for energy in fish
exposed to mancozeb. A decrease in glucose and triglyceride levels in this study may be indicative of
energy needs. Similar results were observed in Labeorohita exposed to fenvalerate [26], in Oreochromis
mossambicus, Cyprinus carpio and Korean rockfish
(Sebates schlegeli) exposed to monocrotophos [27],
bifenthrin [28] and cypermethrin [29] and in Alburnus mossulensis, exposed to Fenpropathrin [30].
The LDH, an enzyme of carbohydrate metabolism, may be increased to meet the energy needs of
fish [30]. Increased LDH is used to determine anaerobic metabolic increases that cause energy consumption under anaerobic and stress conditions [24,
25]. In this study, Significant increases in the LDH
levels of D2 and D3 groups exposed to mancozeb
were determined (Table 2) (p<0.05). Similar results
were observed in crayfish exposed to endosulfan
[31], in tilapia, Oreochromis mossambicus exposed
to monocrotophos [27]. (Rao 2006), in Alburnus
mossulensis, exposed to Fenpropathrin [30].
ALP, which plays a role in phosphate hydrolysis and membrane transport, is regarded as a good
indicator of stress [30]. In this study, Increased ALP
levels of the D2 and D3 groups may result from the
effect on transphosphorylation activity of mancozeb.
Increases in ALP levels of crayfish and Alburnus
mossulensis after exposure to endosulfan and
fenpropathrin have been observed (Table 2)
(p<0.05). It was observed that ALP levels increased
in blood and organs of tilapia exposed to monofrotope [27].
Electrolytes generally regulate the osmolarities, neuromuscular (nerve-muscle) stimulation and
H+ (hydrogen ion) balance of the body [32]. It also
has an important role in the absorption of calcium
from the intestines [33]. In the current study, there
were significant increases in sodium and calcium
levels (p<0.05), but, there was no significant difference between potassium levels (Table 3). Increased
calcium and sodium levels of D2 and D3 groups exposed to Mancozeb may be associated with kidney
damage. Similar results were observed in the rainbow trout exposed to various pollen concentrations
[41] and cypermethrin [7].
Significant reductions in RBC, Hb and Hct levels of the D2 and D3 groups were observed (Table 4)
(p<0.05). A decrease in RBC level may be due to inhibition of RBC production or due to decreased hemoglobin synthesis. Hb and hct levels may be reduced due to fragmentation of RBC cells [34]. Another reason for the decrease in Hct level may be due
to reduction of cell size (1). Similar reductions in
Hct, RBC, and Hb levels have been reported with
monosex Nile tilapia Oreochromis niloticus [18],
common carp Cyprinus carpio [35] and Channa
punctatus [36]. There were decreases in the MCV,
MCH and MCHC values of D1, D2 and D3 groups
according to control group. But, these decreases

CONCLUSION
The results of the present study showed that
mancozeb had significant effects on hematological
and biochemical blood parameters of rainbow trout.
If fish are exposed to overdose or dense concentrations of drugs such as mancozeb, it may also cause a
series of hematologic and biochemical changes in
the body of fish. Therefore, the use in a controlled
manner of drugs may be important in terms of minimizing the health risk that can occur in living organisms.
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of this type of structure causes erosion and displacement of bed materials and, as a result, changes the
topography of the river. This causes many problems
that the most important of them is the instability of
the dam body and, consequently, the structural destruction because of the expansion of the scour hole.
Therefore, the prediction and estimation of the scour
rate at the downstream of the structures have always
been one of the research subjects in the field of hydraulic science. Figure 1 shows the overall scheme
of the downstream scour pattern of the flip bucket
jet.
The flip bucket jets are divided into two groups,
solid bucket and slotted bucket (Figure 2 and Figure
3). In the solid bucket, all water is directed upward
and the excess energy of water is lost as a result of
collision with water around it. It also causes some
boiling in the water surface. In this type of bucket, a
great boiling occurs in the water surface when the
water depth is low at the downstream. Also, the bed
materials of the river at the downstream of the structure move and as a result, scour occurs. These materials move from downstream toward the buckets lip
and settle in this place, and some particles create
scratch as a result of collision with the structure. In
the slotted bucket, the slot-like appendages are located before its end. Consequently, a part of flow
passes through the slots and spreads as jets, and the
rest of it is directed toward up side.
Therefore, the flow of water is distributed and dispersed at a wider level that is more efficient in terms
of energy dissipation. It also causes a lower boiling
on the surface of the water and so, the water surface
profile is more stable. The explanation is that these
slots create small jets, which in turn create friction
between each other that ultimately increase the energy loss of the water [1, 2].

ABSTRACT
The scouring process downstream of spillways
is an important research topic of value in engineering
practice. Information on the depth of the scour hole
formed downstream of a ski-jump bucket type of energy dissipator is necessary in determining the safety
of dams and adjoining structures. In this research, the
downstream scour phenomenon of a flip bucket jet
was investigated in free conditions, as well as in the
presence of a trapezoidal and triangular slot in the
coastal with different layout intervals at flow rate of
9, and a total of 45 experiments. The results of this
study showed that the presence of the slot has significant effects on the depth and range of scour so that
the fit bucket jet with alternate triangular slots reduces the scour by about 12.7% compared to the no
slot mode. Moreover, the maximum scour depth occurs in bucket mode with the alternate trapezoidal
slots in the more favorable interval than the rest of
the models. Then, the results were compared with
several empirical formulas and it was determined
that the results of Veronese A relation shows closer
results to the actual values.
KEYWORDS:
Flip bucket jet, Energy dissipaters, Scour depth, Trapezoidal and triangular slots

INTRODUCTION
The erosion phenomenon is one of the important issues that occurs at downstream of the flip
bucket jets.
The collision of water jet exited from the outlet

FIGURE 1
The overall scheme of the downstream scour of the flip bucket jet
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that scour depth was a function of particle's Froude
number. Hager and Minor [9] investigated the scour
changes in the presence and the absence of jet and
concluded that when the jet flow is established, the
scour depth is greater and this issue should be considered in the design. Parivashi and Rezaei [10] studied the impact of angle of jump lip of a flip bucket
energy dissipation system on the scour, and concluded that the angle of jump lip in spillways with
terminal bucket impacts on the scour hole dimensions. Momeni Vesalian [11] examined the scour of
trapezoidal jets at the downstream of the flip bucket
jets with non-uniform materials and showed that the
linear and power regression models presented by
them is successful in prediction of the maximum
scour depth. Pirestani and Shafiei [12] tested the effect of the depth of the riffle on the dimensions of the
scour hole caused by slotted falling flip bucket jet
with three different depths of riffle and uniform deposits, and concluded that the dimensions of the
scour hole depend on the parameters of the upstream
water level of spillway, flow rate and riffle depth.
Akbari et al. [13] examined the downstream scour of
the flip bucket jets, and concluded that the best prediction for the scour is presented by Martinez B
model [13]. Mehrkia et al. [14] investigated the
equations governing the downstream scour of the
flip bucket jets by applying the field and experimental data, and concluded that in all relations and
the proposed equations, flow rate per width and
height of jumping head are directly related with the
scour rate. Pirestani and Riazi [15] studied experimentally the effect of the slot and the opening rate of
the valve in the flip bucket jet on the profile shape of
the bed with non-uniform materials, and concluded
that with increasing discharge, the scour hole dimensions are increased, but the depth has a decreasing
trend. In general, researchers sought to reduce the
depth of downstream scour of spillways in various
ways, such as expending the empirical formulas, the
use of physical models, and so on. Some common
equations for predicting the scour depth (ds) have
been given in Table 1 [16-21]. In the following equations the level of reservoir and riffle is (H), the flow
rate per width is (q), the size of the aggregate of the
bed materials is (d), the depth of the riffle is (ht) and
the jump angle of the flip bucket is ().
As noted above, extensive studies have been
done on the scour phenomenon, but so far no comprehensive studies have been done on the effect of
the slots with different shapes and intervals in the
flip bucket jet on the scour phenomenon at the downstream of this type of structure. In this research, in
addition to conducting various experiments on various models for the downstream scour phenomenon
of the flip bucket jet, the obtained results have been
compared to the results of some existing empirical
relationships.

FIGURE 2
Solid Bucket

FIGURE 3
Slotted Bucket
In the present research was aimed to study the
downstream scour phenomenon of a flip bucket jet
in the modes of without slot and with trapezoidal and
triangular slots with different slots split intervals
(two modes). So far, extensive research have been
done on the scour phenomena such as the study of
Martin [3] who attempted to collect empirical relationships based on experiments as well as field observations to estimate the water depth of the downstream scour of flip bucket spillways and showed
that the maximum scour depth was inversely proportional to the average diameter of the grains. Breusers
and Raudkivi [4] stated that to prevent the local
downstream scour of the hydraulic drainage structure, the use of different methods of energy depreciation protect hydraulic structures against scour that
the most famous of these methods is the use of spillway with the terminal flip bucket. Vischer and Hager
[5] examined the effect of a series of prismatic slots
on the terminal flip bucket, and concluded that the
prismatic slots with a lower base width and more
slots in one throwing path have a greater impact on
the depth of scour. Moreover, they concluded that
the slot arrangement on the projectile is very important parameter that needs further research. Amanian [6] examined the downstream scour of the flip
bucket spillways and concluded that a greater collision angle of the jet to the downstream bed causes a
greater scour depth, a smaller jump angle causes a
longer scour cavity. Saeedi nejad [7] conducted a series of experiments on free falling spillway with uniform materials and showed that the depth of riffle on
the maximum scour has a decreasing-increasing effect. Mazurek and Rajaratnam [8] investigated the
scour resulted by a circular jet with vertical drop on
non-sticky materials with small riffle, and concluded
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TABLE 1
Some existing relationships for calculating the maximum scour depth[16-21]

MATERIALS AND METHODS
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Dimensional analysis. In this study, it was
tried to identify and extract non-dimensional parameters by considering the parameters affecting on the
scour phenomenon, the scour mechanism and bed
changes caused by the scour. In Figure 1, the mechanism of formation of the scour phenomenon and its
effective parameters were shown. Several parameters involve in the creation of the scour phenomenon
LQVXEMHWVWKDWDUHTIORZUDWHSHUZLGWKȡs: voluPHWULFPDVVRIEHGPDWHULDOVȡw: volumetric mass of
ZDWHUȝdynamic viscosity, g: acceleration of gravity, b: thickness of jet in spillway fit bucket , H: falling height or difference between the water level of
the tank and the riffle, D: maximum scour depth
PHDVXUHGIURPWKHLQLWLDOOHYHORIWKHEHGșDQJOH
of collision of jet to riffle, R: radius of the fit bucket,
ĳDQJOHRIWKHILWEXFNHW<WKHYHUWLFDOGLVWDQFHEH
tween the jumper lip and the initial level, t: time
Consequently, it can be written:

(3)

,QWKHSUHVHQWVWXG\<5ȡsȡwGVDQGFRVĳ
are eliminated due to having constant values during
the experiment. Finally, a function in the form of
ୈ
equation (4) for the maximum scour depth can be
ு
presented.
݂൬





ǡ ൰

ඥு య ு

(4)

On the other hand, in all experiments, the depth
of the downstream water (ht) has been considered
constant, so the only non-dimensional parameter is

or the Froude number, which has been considయ
ඥு

ered as the basis of this research.
Laboratory equipment. In order to conduct
studies and to achieve the research goals, a straightline flum with a length of 15 and a width and height
of 0 6 m was used in the laboratory of the deputy of
the protection and utilization of water resources of
the Water and Power Organization of KhuzestanIran (Figure 4). This flume is initially equipped with
a digital flow meter in the inlet pipe of the flume.
Moreover, a manometer with a sharp lip triangular
spillway is at the end of it in the outlet pond for setting the flow rate. One valve was used at the end of
the flume to adjust the level of downstream water
and to control it.

݂൫ǡ ߩ௦ ǡ ߩ௪ ǡ ǡ ݀௦ǡ ݄௧ ǡ ݃ǡ ܾǡ ܻǡ ܪǡ ܴǡ ݐǡ șǡ ȝǡ ĳ൯=0 (1)
Since in this study is aimed to investigate the
scour in equilibrium mode, then the factor of time is
eliminated from the above relation. Moreover, it
does not seem b has a large variation for the studied
flow rates, so, this parameter is also eliminated. On
WKHRWKHUKDQGEHFDXVHWKHFDOFXODWLRQRIĬLVKDUGO\
feasible and its existence in the final equation makes
it difficult to use, it is eliminated (Momeni Vesalian
et al.) [11]. Since in these experiments there is a turbulent flow and the turbulence LV VHYHUH ȝ LV DOVR
eliminated. Therefore, this function will become as
follows:
݂൫ǡ ߩ௦ ǡ ߩ௪ ǡ ǡ ݀௦ǡ ݄௧ ǡ ݃ǡ ܻǡ ܪǡ ܴǡ ĳ൯ ൌ Ͳ (2)
The following non-dimensional equation is obtained E\FKRRVLQJWKUHHUHSHDWHGYDULDEOHVTȡw and
h and applying Buckingham theory:

FIGURE 4
Overview of the laboratory flume
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with a mean diameter of 5 mm was used that this size
was considered for the average particle diameter according to the flow rate (u) and the critical velocity
(uc) obtained from the Shields relationship, and finally, according to this fact that the scour in clear
୳
water occurs at ͳ  .
௨

݀ = ݀ହ =5mm
Equilibrium Time of Tests. Determining the
test time is one of the most sensitive steps in the experiments because we want to eliminate the time factor, so the measurements are performed when the
scour hole is in equilibrium. To achieve the equilibrium time, experiments were conducted at the maximum discharge of the design (21 liters/second) and
the depth of scour hole was measured at different
times. It was found that at 120 minutes, the scour
depth was almost constant and reached an equilibrium (Diagram 1). Therefore, this time was considered as the equilibrium time, and all experiments
continued up to 120 minutes and then the measuring
of points was done.

FIGURE 5
The ogeespillway with the flip bucket
The spillway model made for conducting experiments is a plexiglass ogee with a flip bucket with
a radius of 0.16 at its bottom (Figure 5). The spillway
model was designed considering the flume condition
and its maximum flow rate according to the standard
USBR with the width of 0.6 m and the height of 0.40
m. The experiments were performed in the solid
bucket mode and the slotted bucket mode with trapezoidal and triangular slots (each of them with two
different slot intervals).
In these experiments, a sample
p of materials


DIAGRAM 1
The equilibrium time graph for scour depth

FIGURE 6
A flip bucket with full trapezoidal and triangular slots (according to USBR standard)

FIGURE 7
A flip bucket with trapezoidal and triangular slots in alternate mode (the present research)
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TABLE 2
Scour depth in cm
Model Type
Control
Complete trapezoidal
Alternate trapezoidal
Complete Triangular
Alternate triangular

13
9
2.5
2.6
3.1
3.1

14
9.3
2.9
3.6
4.4
3.9

15
9.6
6
4.7
7.3
5.3

16
9.8
7.3
6.5
7.9
7.2

Flow rate
17
10.3
8
7.7
10.6
8.6

18
10.5
10.8
9.6
12
9.5

19
11.6
11.9
10.4
13.1
10.1

20
12
15
11.3
13.6
10.8

21
13.4
15
12.1
13.8
11.7

input flow of the flume, after passing through the
spillway and jumping over a flip bucket, impacts to
the sediment pond and creates a scour hole (Figure
8). After completion of the experiment, the input
flow is stopped and materials are drained. Then, the
laser meter is used for topographic survey of the sediment surface.

Method of Experiments. In this study, 9 flow
rates in the range of 13 to 21 l.s-1 were used. The
models used in this study include 5 models of flip
buckets without slot and with trapezoidal and triangular slots that each mode has two modes in terms of
slot arrangement that ultimately, the total number of
experiments was 45. The design and dimensions of
the slot were performed according to the USBR
standard, so that the width of the slot is 0.125 of the
radius of the flip bucket (R) and the gap between
slots was 0.05 of radius of the flip bucket and the
location of the slots was 0.5 of the radius of flip
bucket from its bottom [11]. in The first mode (Figure 6), the slots were arranged according to the
USBR standard and in the second mode (Figure 7),
slots were arranged in an alternate manner according
to the inventive method suggested by researchers, so
that according to dimensions of the model in the first
mode based on the USBR standard, 17 slots and, in
the second mode based on the inventive method of
the researchers, 9 slots were located on the projectile.

DISCUSSION
Depth changes of the scour hole. As the input
flow of spillway is increased, the depth of the scour
hole is increased. In this study, it was found that this
depth is different in diverse models with different
shapes, intervals and layouts of slots. First, the effect
of the shape and interval of slots on each model is
examined. Table 2 shows the results of experiments
for the scour depth in cm for different models and in
the flow rate range of 13 to 21 l.s-1.
Considering the impact of the flow rate, the
shape of the slot and their distance from each other
on the scour hole, the following results were obtained. Based on the results of Table 2 and Diagram
2 (A, B and C), with increasing the flow rate, the
depth of the scour hole is increased in all cases, while
it is less than control mode for Froude up to 0.4 and
0.425 in complete trapezoidal and triangular slot
modes (according to the USBR method), but it is
more than the control after this Froude values. The
presence of the complete slots causes occlusion in
the bucket and the resulted water spin prevents the
proper flow of water through the gap between the
slots. On the other hand, the flow after passing
through the spillway and reaching to the slots, impacts water spin created around them and with increasing the flow, a fountain higher than the control
mode is created and so, the length of fountain is decreased compared to the control, but it impacts to the
downstream water with a higher height (Figure 9 a).
As a result, the depth of the scour hole is increased
in full trapezoidal and triangular slot modes. However, as shown in Diagram 2 (d), the scour depth is
decreased in the mode with alternate trapezoidal and
triangular slot because with the reduction of slot, the
blockage resulting from the effect of the slots and the
formation of a water spin around them is decreased
and the flow converts to two fountains after reaching
to slots. A tall height and short length fountain is resulted by the collision of the flow with the slot, and
a shorter fountain with a longer length is resulted by

FIGURE 8
The mechanism of jet collision with materials
and creation of the scour hole
Trial process. Deposits are poured into a section of the flume immediately after the spillway with
a length of 2 m, a width of 0.6 m and a depth of 0.15
m. Then, the surface of the materials is flattened using a flattener. To create a uniform condensation to
ensure obtaining the desired conditions and non-occurrence of unpredictable local changes, the surface
of the material is torn with a timber and is then sampled by the laser meter as the base level. The desired
flow rate is then adjusted by the electromagnet flow
meter and flows. On the other hand, the depth of the
water of the spillway downstream is adjusted by a
valve at the end of the flume. The depth of the riffle
is constant in these experiments that is equal to the
terminal heel of the flip bucket, which is 8 cm. The

8733

© by PSP

Volume 27 ± No. 12A/2018 pages 8729-8737

Fresenius Environmental Bulletin

mode, the equation of Veronese A with R2 = 0.9907,
and in the alternate triangular slots mode, the equation of Veronese A with R2 = 0.9795 showed the
best performance among the empirical formulas. Diagram 3 (A, B and C).

passing water through the gap between the slots
(Figure 10 a). The fountain resulted from the collision with the slots, before landing on the surface of
sediments, impacts to the fountain resulted by passing through the gap between the slots and creates a
new factor in addition to the friction of the fountain
with the free surface of the air, as well as the depth
of the downstream water to dissipate energy of the
flow. As a result, the depth of the scour hole is reduced.
As shown in Diagram 2 (d), and with determination of the optimum mode, it can be concluded that
the triangular shape for the slot is better than the
trapezoidal shape. Considering the increasing trend
of the scour depth, it was found that the alternate triangular slots mode has the best performance compared to the other modes. However, the scour rate in
this mode up to the Froude number of 0.4 is more
than that of the trapezoidal mode, but after this
Froude number, the scour rate is less than the trapezoidal mode, so that finally, in the peak flow rate, it
is less than the scour of control by 12.7%, while this
amount in trapezoidal mode was obtained about
7.9% of the control.

CONCLUSION
Since the main purpose of this research was to
investigate the effect of slots on the topographic
changes of the bed with uniform materials caused by
the falling jet from a spillway with the terminal flip
bucket, experiments were performed based on the
flow rate, the shape and the intervals of slots compared to each other in 5 modes of without slots (control), with trapezoidal and triangular slots (each of
which was in terms of slot interval from each other).
The results showed that in each of 5 modes, with increasing the flow rate, the scour depth was increased,
but the trend of increasing scour depth in the case of
the alternate triangular slot bucket was the minimum
compared to other modes, so that the maximum
scour depth in the peak flow rate was decreased by
about 12.7 percent compared to the control. In the
case of the impact point of the maximum scour location, it can be said that the results of the alternate
trapezoidal mode in terms of the scour length range
and the scour area distance from the structural body
were more favorable compared to other models.
Comparison of the results of the research with the
three experimental formulas presented by other researchers showed that all three formulas result values greater than real values, but in general, the results of Veronese A formula are closer to the reality.

Comparison of results with empirical equations. As shown in Table 1, there are several empirical formulas for estimating the maximum scour
depth. In this research, according to the scoring of
other researchers, the three formulas of Martins, Mason and Veronese A with the maximum score were
compared with the results of the present study and
the results were obtained as follows.
According to the results obtained in the control
mode, the equations of Martinez B and Mason with
R2 = 0.9037, and in the alternate trapezoidal slots

a. The shape and height of the fountain

b. The shape of the sour hole
FIGURE 9
Fountains and the hole created in the presence of full trapezoidal slots

a. The shape and height of the fountain
b. The shape of the sour hole
FIGURE 10
Fountains and the hole created in the presence of alternate trapezoidal slots
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a. The maximum scour depth in three modes of control,
with full and alternate trapezoidal slots

b. The maximum scour depth in three modes of control,
with full and alternate triangular slots

c. The maximum scour depth in three modes of control,
with full trapezoidal slots and with full triangular slots

d. The maximum scour depth in three modes of control, with alternate
trapezoidal slots and with alternate triangular slots
DIAGRAM 2
Changes of the scour depth in different conditions
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The equation of Martins B

The equation of Mason

c-

The equation of Veronese A
DIAGRAM 3
Comparison of experimental formulas with results from three modes of the control, with full trapezoidal
slots and with alternate trapezoidal slots
REFERENCES

[3] Martin R. B. F. (1975). Scour of Rocky River
Beds by Free Jet Spillway. Water Power and
Dams Construction. 53 p.
[4] Breusers H. N. C. and Raudkivi A. J. (1991).
Scour Hydraulic Structures Design Manual Series. No 2. Taylor and Francis. p. 116-121.
[5] Vischer D. L. and Hager W. H. 1995. Energy
Dissipators. Hydraulic Structures Design Manual. No.9. A. A. Balkema. Rotterdam. The
Netherlands. 208 p.

[1] US Bureau of Reclamation.(1987). Design of
Small Dams. A Water Resources Technical
Publication. United States Department of the
Interior (USBR). Third Edition.
[2] Bhavan,M .SHahzafar marg,B.(2010). Bureau
of Indian Standards. Central For Hydraulic
Design of Bucket Type Energy Dissipators.
Second Revision. New Delhi

8736

© by PSP

Volume 27 ± No. 12A/2018 pages 8729-8737

[6] Amanian, N. 1993. Scour Below a Flip Bucket
Spillway. Utah State University. Department of
Civil and Environmental Engineering. Logan,
Utah, United States.
[7] Saeedinejad. M. 2005. Analysis of scour of
downstream of rectangular flow spillway. Master thesis. Engineering faculty. Tehran University. 105
[8] Mazurek, K.A., Rajaratnam, N.(2003). "Erosion of sand by circular impinging water jets
whit small tailwater", J. Hydraul. Eng., 139 (3),
pp. 225-229.
[9] Hager, W.H., Minor +(  ´ 3OXQJH
SRRO VFRXU LQ SURWRW\SH DQG ODERUDWRU\´ 3UR
ceeding of 2004 International hydraulics of
dam and river structures, April 29-28, Tehran,
Iran.
[10] Parivashi. A., Rezaei. H. 2008. The Effect of the
jump lip of flip bucket type energy deterioration
system on the scour hole. Articles of 3th Iranian
Water Resources Management Conference, Tabriz University. 4-2.
[11] Momeni Vesalian. R, Mousavi Jahromi and M.
Shafaee Bajestan. 2008. Scour caused by downstream trapezoidal jet of flip bucket with nonuniform materials. Journal of Agricultural Science and Natural Resources. Volume 15. Number 2. 1-15
[12] Pirestani. M., Shafiei. S. 2009. Experimental
study of the effect of the depth of riffle on the
dimensions of the scour hole caused by flow jet
with slot. Articles of 8th hydraulic conference.
Tehran University 4-2
[13] Akbari. G, M., Kavianpour A., Soltani Samani.
2014.Experimental study of downstream scour
of the fit bucket. Journal of water resources engineering. Seventh year. 64-51
[14] Mehrkia. M, M. Majdzadeh and M. Kavianpour. (2012). Assessment of the equations
governing distribution in the downstream of the
flip bucket by applying field and experimental
data. 11th Hydraulic Conference of Iran.
Oromieh. 1-7
[15] Pirestani. M and Riazi. R. 2015. Experimental
study of the effect of the slot and the degree of
opening of the valve in the flip bucket on the
shape of the substrate profile with non-uniform
materials. Iranian Journal of Water Research,
18: 131-140.
[16] &KHH63DQG3DGL\DU39  ³(URVLRQ
at WKH %DVH RI )OLS %XFNHWV´ &DQ (QJQJ -
November, 22-24.
[17] Veronese, A. (1937), "Erosioni de fondo a
valle diuno scarico," Annali dei Lavori Publicci, Vol. 75, No. 9, pp. 717-726.
[18] 0DVRQ3-  ³(URVLRQRI3OXQJH3RROV
Downstream of Dams due to the Action of Free
7UDMHFWRU\ -HWV´ 3URF,QVW &LYLO (QJLQHHUV ,
76(5), 523-537.

Fresenius Environmental Bulletin

[19] Schoklitsch, A. (1935). Prevention of Scour
and Energy Dissipation²Translated at the
USBR, USA.
[20] Azmathullah, H. Md., Deo, M.C., Deolalikar,
P.B. (2005). Neural networks for estimation ofscour downstream of ski-jump bucket. Journal
of Hydr.Engrg.ASCE. 131(10): 898-908.
[21] Damle, P.M., Venkatraman, C.P. and Desai,
6&  ³(YDOXDWLRQ RI 6FRXU EHORZ 6NLjump Buckets of Spill-ZD\V´ ,Q &:356
Golden Jubilee Symposia, Poona, India, Vol. I,
pp. 154-163.

Received:
Accepted:

10.12.2017
30.04.2018

CORRESPONDING AUTHOR
0RKDPPDG+HLGDUQHMDG
Department of Water Science Engineering
Ahvaz Branch
Islamic Azad University
Ahvaz ± Iran
e-mail: mo_he3197@yahoo.com

8737

%$

" &   

 







 " #!"!




'&"&&"!)'&!( !,!
"!$('+! ( "!'!'"%&
   %")!!
 ( "!' !'&"
5-:85-:-5   4193C5-:@   +@-9D@-9,4-:  '593,4-9  
+:93215 -  *@1/4193&@9   *5-:4@,4-:  
1

Key Laboratory of Arable Land Conservation (Middle and Lower Reaches of Yangtze River), Ministry of Agriculture, Wuhan,
Hubei 430070, China
2
Hubei Provincial Engineering Laboratory for New Fertilizers, Research Center of Trace Elements, Wuhan, Hubei 430070, China
3
College of Resources and Environment, Huazhong Agricultural University, Wuhan, Hubei 430070, China

&'%'

!'%"('"!

Radish ( "  !#" L.) is a nutritious
root vegetable planted worldwide. Based on the theories that selenium (Se) is a beneficial element and
zinc (Zn) is an essential element for plant growth. In
this study, a field experiment was conducted to evaluate the effects of seed soaking with Se (0, 5, 20
mg/L) or/ and Zn (0, 25, 100 mg/L) on the growth,
cadmium (Cd) content and nutritional quality of radish root grown in Cd-contaminated soil (CK: 0.044
mg/kg; CdM: 0.360 mg/kg; CdH: 0.950 mg/kg). The
findings in this study confirmed that seed soaking
with Se or Zn effectively reduced Cd accumulation
in radish. At CdM level, Cd content was decreased by
20.59% (or 27.36%) soaked with Se 5 mg/L (or 20
mg/L) alone, and decreased by 4.74% (or 28.31%)
soaked with Zn 25 mg/L (or 100 mg/L) alone. At
CdH level, Cd content was decreased by 16.33% (or
9.59%) soaked with Se 5 mg/L (or 20 mg/L) alone,
and decreased by 27.66% (or 23.44%) soaked with
Zn 25 mg/L (or 100 mg/L) alone. Meanwhile, the
quality was not reduced and even enhanced both at
CdM and CdH levels. In addition, co-soaking with Se
and Zn had no synergistic effect on reducing Cd content in radish edible parts and guaranteeing the quality of radish edible parts, nevertheless, seed soaking
with 100 mg/L Zn + 5 mg/L Se indicated outstanding
efficiency on that. At CdM level, seed soaking with
100 mg/L Zn + 5 mg/L Se enhanced soluble sugar
and vitamin C content by 12.16%, 20.86%, respectively, and reduced nitrate and Cd content by
12.01%, 18.42%. At CdH level, seed soaking with
100 mg/L Zn + 5 mg/L Se enhanced soluble sugar,
soluble protein and vitamin C content by 38.64%,
10.53%, and 5.09%, respectively, meanwhile, reduced nitrate and Cd content by 16.01%, 14.97%.



Cadmium (Cd), as an inorganic pollutant, exists
in the farmland widely through anthropogenic processes. Increasing Cd accumulation in vegetables
raises worldwide concern because of its toxicity for
human health. Notably, Cd accumulation in plants
resulted in low photosynthetic efficiency [1], oxidative stress [2-4], changes of cell ultrastructure [5]
and others biological and physiological dysfunctions,
as well as nutrition imbalance [6], growth inhibition
[7-8], quality losses of agricultural produce [9].
Therefore, prevention of Cd accumulation in the
vegetable is particularly important.
Agronomic practices, such as chemical fertilizer application [9-10], foliar fertilizer spraying [11]
and seed soaking, are regarded as effective approaches to reduce Cd content in the vegetable. Recently, increasing seed soaking researches indicated
that physiological and biochemical characteristics of
seeds were changed during the germination process.
Currently, microelements such as copper (Cu) [12],
boron (B) [13], silicon (Si) [14], manganese (Mn)
[15-16], zinc (Zn) [17-18] and selenium (Se) [19-21]
were used to improve the nutritional quality, yield
and decrease heavy metal accumulation in plant.
Previous studies showed that seed soaking with
Se not only improved the quality and yield of crops
but also enhanced seed germination [21], induced
chilling [20], drought [22] and heavy metal [19] tolerance through increased enzyme activities [23], enhanced photosynthetic efficiency and other aspects.
Zn, as an essential element for plants, was confirmed
to improve seedling vigor and viability [24], react on
membrane integrity and stabilization [25-26], alleviate oxidative stress [27] and modulate heavy metal
stress [28-29].
Based on the physiological functions of Se and
Zn on plants, the objectives of this study were to investigate the potential effects of seed soaking with
Se and Zn on (1) Cd content in radish root grown in
Cd-contaminated soil, (2) yield and quality of radish

+)"%&
Selenium, zinc, soaking, "  !#" L., cadmium,
accumulation
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roots of radish in each plot were harvested and
washed three times with tap water and deionized water step by step. Half of the root sample was dried at
60°C for 72 h and ground to powder for Cd determination, the left half of the root sample was ground to
homogenate and stored at 60°C in the refrigerator for
nutritional quality determination, including vitamin
C, soluble sugar, soluble protein, and nitrate.

root, (3) synergistic effects of co-soaking with Se
and Zn. Obtained results will advance our understanding of the potential for reducing Cd content in
vegetables by soaking with Se and Zn and provide a
basis for developing a strategy to guarantee the
safety associated with growing crop plants in Cdcontaminated fields. Based on the theories that Se is
a beneficial element and Zn is an essential element
for plant growth, seed soaking with Se and Zn before
planting is not only an ecological safety way to reduce Cd accumulation in the plant, but also an useful
way to increase the concentration of element. 


'%&! '"&

#7-9?3=:B?4-90>-8;71/:771/?5:9The field
experiment was carried out at a heavy metal base in
Huazhong Agricultural University (30°28′35″N,
114°21′54″E), Wuhan, China. The soil properties for
the experiments were as follows: pH 5.70; organic
matter 9.90 g/kg; alkali-hydrolysable nitrogen 54.39
g/kg; available phosphorus 25.89 mg/kg; available
potassium 148.54 mg/kg. The field was divided into
three parts, and Cd was added into the soil as
CdCl2·2.5H2O in three different concentrations. After equilibrated for more than one year, the actual Cd
concentrations in the three parts of the field were determined as 0.044 mg/kg, 0.360 mg/kg, 0.950 mg/kg,
respectively. The three levels of Cd treatments were
named as CK (0.044 mg/kg, no Cd was added in),
CdM (0.360 mg/kg; M: moderate pollution), CdH
(0.950 mg/kg; H: heavy pollution), respectively.
The Chinese radish ( "  !#" L.
Nanpanzhou, which is a kind of nutritious root vegetable and widely cultivated throughout the world)
seeds were selected using water. Afterwards, seeds
were sterilized in 0.5% (v/v) NaClO solution for 45
min. Next step, seeds were taken out and rinsed with
distilled water three times. And then, dry seeds were
divided into 9 groups and soaked for 8 h in solution
with different concentrations of Se (0, 5, 20 mg/L)
used as sodium selenite (Na2SeO3), Zn (0, 25, 100
mg/L) used as zinc sulfate (ZnSO4·7H2O), Se + Zn.
Nine treatments in total were: Zn0Se0, Zn0Se5,
Zn0Se20, Zn25Se0, Zn25Se5, Zn25Se20, Zn100Se0,
Zn100Se5, Zn100Se20.
Afterward, in September 2016, the seed sowing
was done with the 9 treatments in each Cd level field.
Plots (1.5×1.45 m2) were arranged by completely
randomized design with three replicates. The standard cultural practices for the crop were conducted,
such as sowing (hole sowing, three seeds per hole),
regular irrigation and fertilization (220 kg/hm2; N:
P2O5: K2O=17: 17: 17), thinning (just one seedling
was left), and other traditional agronomic practices
were conducted during a growth period.
The roots of radish were harvested in January
2017. Sixteen randomly selected plants in each replication were weighted and recorded for yield. Four

!@?=5?5:9-7<@-75?D-9-7D>5>Vitamin C content (mg/100 g) in radish was determined using 2, 6dichlorophenolindophenol titration method. Samples (5.0 g FW) were homogenized with 50 mL 5%
oxalic acid, and centrifugated at 4000 r/min for 10
min. Then, 5 mL liquid supernatant and 10 mL
standard ascorbic acid solution was added into the
triangular flask and titrated to pink by 2, 6-dichlorophenolindophenol dye. The level of vitamin C in all
samples was calculated according to the volume of
dye consumption.
Soluble sugar content (%) was determined according to the anthrone colorimetric method. Samples (0.2 g) were homogenized with 10 mL distilled
water and bathed in boiled water for 30 min, followed by filtering and adding distilled water to 25
mL. Aliquots of extraction or standard sugar solution, 0.5 mL anthrone in ethyl acetate solution and 5
mL sulfuric acid were added, followed by mixing
and incubation for 1 min in boiled water. The absorbance was measured at 630 nm, and the total sugar
content was determined according to the standard
curve drawn using gradient D-glucose solutions.
For the determination of soluble protein content
(mg/g), samples (0.4 g FW) were ground with 5 mL
distilled water for 10 min, and centrifugated at 4000
r/min for 10 min. And then, 1 mL protein extraction
was stained by 5 mL Coomassie brilliant blue G-250
(CBB) solution, and determined by spectrophotometer at 595 nm, and the level of soluble protein in all
samples was calculated according to standard
curves.
Nitrate content (μg/g) was determined according to the salicylic acid colorimetric method. The homogenate of samples (2 g FW) in 10 mL of distilled
water followed by incubation for 30 min in boiled
water and addition distilled water to 25 mL.
Afterward, 0.1 mL liquid supernatant was added into
10 mL tube and adding 0.4 mL 5% salicylic acid in
sulfuric acid solution incubated for 20 min at the
room temperature, and then mixed with 9.5 mL 8%
sodium hydroxide. When the colorimetric solution
was cold to ambient temperature, the absorbance at
410 nm was recorded, and the level of nitrate in samples was calculated according to standard curves
[30].
1?1=859-?5:9 :2 0 /:9?19? 59 =::?> In
short, samples were digested in HNO3: HClO4 (4:1,
v/v) mixture to clear when white smoke comes out
from the flask, followed by transferring the solution
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among the treatments soaking with Se and Zn at each
Cd level.

0 /:9?19? The application of Se and Zn
through seed soaking technic had no dramatic effects
on Cd content of radish compared with the nonsoaked treatment at CK level (Table 2). At CdM
level, seed soaking with Se5, Se20 and Zn100 decreased root Cd content by 20.59%, 27.36%, and
28.31%, respectively, compared with the nonsoaked treatment. Among co-soaking treatments, the
maximum decrease in Cd content (18.42%) was observed with Zn100Se5. At CdH level, seed soaking
with Se or Zn alone decreased Cd content from
9.59% to 16.33% and 23.44% to 27.66%, respectively, compared with the non-soaked treatment.
Among co-soaking treatments, the maximum decrease of Cd content (20.37%) in root was observed
in Zn25Se5 treatment.

!@?=5?5:9-7 <@-75?D The results showed that
seed soaking with Se or Zn alone significantly enhanced the vitamin C content of radish from 6.77%
to 17.98% and 12.21% to 16.20%, respectively,
compared with the non-soaked treatment at CK level
(Table 3). Among co-soaking treatments, the maximum increase in vitamin C content (26.86%) was
observed with Zn25Se20. At CdM level, seed soaking
with Se or Zn alone increased vitamin C content

to 50 mL volumetric flask and adding deionized water to the tick mark. The filtrate was used for the determination of Cd concentration in root by flame
atomic absorption spectrometry (Z-2000; HITACHI,
Kyoto, Japan). The accuracy of Cd analysis was
checked
by
standard
reference
material
(GBW07405) from the Center for Standard Reference of China. The recovery of standard addition
was 103.78% ± 6.37% in this study.

&?-?5>?5/-7 -9-7D>5> The obtained data were
statistically analyzed with two-way analysis of variance (ANOVA) procedure using SPSS 20.0 software. The mean values of each treatment underwent
multiple comparisons using Duncan’s test at the <
0.05 level.


%&('&

%::?.5:8->>The biomass is a vital indicator
for evaluating the yield of vegetable and plant tolerance to Cd toxicity. As it was shown in Table 1, compared with non-soaked treatment, the root biomass
of radish which seeds soaking with Se or/ and Zn increased, and the highest growth rate was observed in
Zn100Se0 treatment, at CdM level. However, the biomass of radish root had no significant difference



' 
%::?.5:8->>3 ;7-9?:2=-05>4)B5?405221=19?>110>:-6593?=1-?819?>
CdH
CK
CdM
Root
Growth rate
Root
Growth rate
Root
Growth rate
(g/plant)
(%)
(g/plant)
(%)
(g/plant)
(%)
Zn0Se0
788.16±53.18a
--654.02±48.40a
--790.00±25.59a
--Zn0Se5
803.57±136.21a
1.96
723.39±46.14a
10.61
768.13±63.13a
-2.77
793.39±29.00a
0.66
702.78±30.01a
7.46
786.10±27.80a
-0.49
Zn0Se20
Zn25Se0
759.65±62.01a
-3.62
731.72±85.97a
11.88
780.60±21.15a
-1.19
Zn25Se5
793.78±72.56a
0.71
728.97±12.39a
11.46
757.35±50.84a
-4.13
Zn25Se20
786.99±22.77a
-0.15
737.12±12.27a
12.71
798.33±73.63a
1.05
Zn100Se0
845.02±18.20a
7.21
771.33±38.30a
17.94
719.38±41.60a
-8.94
Zn100Se5
793.76±57.31a
0.71
741.62±51.41a
13.39
795.30±48.35a
0.67
a
a
Zn100Se20
789.20±33.41
0.13
764.48±60.82
16.89
689.24±62.69a
-12.75
Note: Data are the means of three replicates (±se) (= 3), means followed by different letters indicate significant difference at
< 0.05 among treatments at different Cd levels. FW means fresh weight. DW means dry weight. The same below.
Treatments

' 
0/:9?19?83 63):2=-05>4B5?405221=19?>110>:-6593?=1-?819?>
Treatments
Zn0Se0
Zn0Se5
Zn0Se20
Zn25Se0
Zn25Se5
Zn25Se20
Zn100Se0
Zn100Se5
Zn100Se20

CK
Cd content
(mg/kg DW)
0.085±0.071a
0.092±0.049
0.101±0.048a
0.095±0.000a
0.092±0.001a
0.045±0.002a
0.095±0.023a
0.141±0.056a
0.092±0.014a

Reduction
rate (%)
---8.15
-19.48
-12.04
-8.26
46.75
-12.40
-66.82
-8.15

CdM
Cd content
(mg/kg DW)
1.667±0.148ab
1.321±0.134b
1.211±0.074b
1.588±0.192b
1.572±0.248b
1.443±0.028b
1.195±0.272b
1.360±0.179b
2.169±0.080a

8740

Reduction
rate (%)
--20.59
27.36
4.74
5.70
13.46
28.31
18.42
-30.07

CdH
Cd content
(mg/kg DW)
3.578±0.094a
2.994±0.128ab
3.235±0.104ab
2.589±0.211b
2.849±0.602ab
3.359±0.205ab
2.740±0.210ab
3.043±0.204ab
3.269±0.159ab

Reduction
rate (%)
--16.33
9.59
27.66
20.37
6.13
23.44
14.97
8.66
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'41A5?-859/:9?19?83
Treatments
Zn0Se0
Zn0Se5
Zn0Se20
Zn25Se0
Zn25Se5
Zn25Se20
Zn100Se0
Zn100Se5
Zn100Se20

CK
Vitamin C
(mg/100 g)
9.01±0.84bc
9.62±0.29abc
10.63±0.44abc
10.11±0.47abc
8.78±0.50c
11.43±0.26a
10.47±0.9abc
11.02±0.74ab
10.70±0.58abc

Growth rate
(%)
--6.77
17.98
12.21
-2.55
26.86
16.20
22.31
18.76

' 
3:2=-05>4B5?405221=19?>110>:-6593?=1-?819?>
CdM
Vitamin C
(mg/100 g)
9.78±1.04b
11.39±0.60ab
10.44±0.63ab
10.53±0.26ab
10.22±0.61ab
10.40±0.71ab
10.77±0.13ab
11.82±0.52ab
11.96±0.69a

Growth rate
(%)
--16.46
6.75
7.67
4.50
6.34
10.12
20.86
22.29

CdH
Vitamin C
(mg/100 g)
9.62±0.33bc
11.03±0.27b
10.62±0.15b
12.69±0.32a
9.83±0.56bc
8.81±0.81c
10.34±0.83bc
10.11±0.47bc
11.28±0.68ab

Growth rate
(%)
--14.66
10.40
31.91
2.18
-8.42
7.48
5.09
17.26

'
'41>:7@.71>@3-=/:9?19?:2=-05>4B5?405221=19?>110>:-6593?=1-?819?>
Treatments
Zn0Se0
Zn0Se5
Zn0Se20
Zn25Se0
Zn25Se5
Zn25Se20
Zn100Se0
Zn100Se5
Zn100Se20

CK
Soluble sugar
(%)
4.41±0.03a
4.78±0.55a
5.39±0.19a
4.57±0.39a
4.45±0.47a
5.09±0.18a
6.16±0.11a
5.44±0.42ab
5.26±0.72ab

Growth rate
(%)
--8.39
22.22
3.63
0.91
15.42
-11.11
19.73
12.24

CdM
Soluble sugar
(%)
4.85±0.24b
5.49±0.35ab
4.82±0.13b
4.58±0.21b
5.00±0.26ab
5.13±0.51ab
6.16±0.11a
5.44±0.42ab
5.26±0.72ab

Growth rate
(%)
--13.20
-0.62
-5.57
3.09
5.77
27.01
12.16
8.45

CdH
Soluble sugar
(%)
5.28±0.78ab
5.70±0.30ab
5.38±1.04ab
5.47±0.99ab
4.67±0.30b
5.59±0.63ab
6.68±1.46ab
7.32±1.31a
6.84±1.48ab

Growth rate
(%)
--7.95
1.89
3.60
-11.55
5.87
26.52
38.64
29.55

content soaked with Se and Zn. At CdH level, soaked
with Se20, Zn25 and Zn100 increased soluble protein
content by 15.79%, 22.37%, and 22.37%, respectively, compared with the non-soaked treatment.
Among co-soaking treatments, the maximum increase in soluble protein content (18.42%) was observed in Zn100Se20 treatment.
As shown in Table 6, there was no significant
influence on nitrate content soaked with Se and Zn
compared with the non-soaked treatment at CK
level. At CdM level, no significant influence on nitrate content soaked with Se or Zn alone was observed. Nevertheless, among co-soaking treatments,
the maximum decrease in nitrate content (18.49%)
was observed with Zn100Se20. At CdH level, there was
no significant effect on nitrate content soaked with
Se or Zn alone. But the maximum decrease in nitrate
content (16.01%) was observed in Zn100Se5 treatment among co-soaking treatments.


&(&&"!

from 6.75% to 16.46% and 7.67% to 10.12%, respectively, compared with the non-soaked treatment.
Among co-soaking treatments, the maximum increase in vitamin C content (22.29%) was observed
with Zn100Se20. At CdH level, seed soaking with Se
or Zn alone increased vitamin C content from
10.40% to 14.66% and 7.48% to 31.91%, respectively, compared with the non-soaked treatment.
Among co-soaking treatments, the maximum increase in vitamin C content (17.26%) was observed
with Zn100Se20.
The application of Se or/ and Zn through seed
soaking technic had no significant influence on soluble sugar content compared with the non-soaked
treatment at CK (Table 4). At CdM level, seed soaking with Se5 and Zn100 increased soluble sugar content by 13.20% and 27.01%, respectively, compared
with the non-soaked treatment. Among co-soaking
treatments, the maximum increase in soluble sugar
content (12.16%) was observed with Zn100Se5. At
CdH level, seed soaking with Se5 and Zn100 increased
soluble sugar content by 7.95% and 26.52%, respectively, compared with the non-soaked treatment.
Among co-soaking treatments, the maximum increase in soluble sugar content (38.64%) was found
with Zn100Se5.
Although there was no significant influence on
soluble protein content soaked with Se or Zn alone
compared with the non-soaked treatment at CK level
(Table 5). Among co-soaking treatments, the maximum increase in soluble protein content (25.35%)
was observed in Zn25Se20 treatment. At CdM level,
there is no significant influence on soluble protein

Cd absorbed by vegetables and other edible
parts of crops poses a considerable risk for human
health through the food chain and increases dietary
intake of Cd highly correlated with increaseing consumption of vegetables cultivated in Cd-contaminated areas [17]. In addition, increasing Cd accumulation in vegetables receives extensive attention due
to its negative functions on the plant, furthermore,
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Treatments
Zn0Se0
Zn0Se5
Zn0Se20
Zn25Se0
Zn25Se5
Zn25Se20
Zn100Se0
Zn100Se5
Zn100Se20

CK
Soluble protein
(mg/g)
0.71±0.00b
0.75±0.06b
0.76±0.08b
0.69±0.02b
0.75±0.03b
0.89±0.06a
0.73±0.07b
0.72±0.02b
0.72±0.02b

Growth
rate (%)
--5.63
7.04
-2.82
5.63
25.35
2.82
1.41
1.41

CdM
Soluble protein
(mg/g)
0.90±0.04a
0.90±0.04a
0.92±0.02a
0.95±0.08a
0.93±0.06a
0.90±0.03a
0.94±0.04a
0.89±0.02a
0.85±0.06a

Growth
rate (%)
--0.00
2.22
5.56
3.33
0.00
4.44
-1.11
-5.56

CdH
Soluble protein
(mg/g)
0.76±0.01c
0.80±0.05bc
0.88±0.03ab
0.93±0.04a
0.79±0.03bc
0.86±0.02ab
0.93±0.03a
0.84±0.04abc
0.90±0.04a

Growth
rate (%)
--5.26
15.79
22.37
3.95
13.16
22.37
10.53
18.42

'
'4195?=-?1/:9?19?E3 3:2=-05>4B5?405221=19?>110>:-6593?=1-?819?>
Treatments
Zn0Se0
Zn0Se5
Zn0Se20
Zn25Se0
Zn25Se5
Zn25Se20
Zn100Se0
Zn100Se5
Zn100Se20

CK
Nitrate content
(μg/g)
2844.01±407.38a
2788.11±57.21a
2729.67±280.72a
2807.16±19.80a
2883.38±151.82a
2381.60±109.96a
2889.73±55.72a
2747.46±225.69a
2661.08±152.59a

Reduction
rate (%)
--1.97
4.02
1.30
-1.38
16.26
-1.61
3.39
6.43

CdM
Nitrate content
(μg/g)
3174.29±159.41a
2940.55±72.71ab
2998.98±93.28ab
3070.12±282.05ab
2996.44±250.50ab
2845.27±46.21ab
3189.53±95.84a
2793.19±132.19ab
2587.40±68.79b

increases the risk of vegetables yield and safety.
Thus, it is necessary to develop various ways of reducing Cd contents in edible parts of crops grown in
Cd-contaminated soils.
Seed soaking plays a beneficial role in seed germination process involving seed imbibition and repair response such as activation of DNA repair pathways, antioxidant mechanisms [31], ultimately effects on post-germination functions that relate to
seedling growth [32]. Moreover, seed soaking is a
well-established treatment for enhancing seed emergence vigor and resistance to biotic/ abiotic stress
[33-34]. Furthermore, nutrients contents are enhanced in seed through seed soaking, as well as Se
and Zn [35-36], thus, act on the development of
plants. The quality and yield of plants will be improved finally.
In general, the nutritional quality of vegetables
includes flavonoid, crude fiber, soluble sugar, protein, vitamin C, nitrate and so on [37-38]. Vitamin C
as an antioxidant, is a critical vitamin to human body
[39]. Most vitamin C which body needs can only be
supplied from food. Soluble sugar is considered as a
primary index for evaluating carbon nutrition in
plants and quality of agricultural products, at the
same time, it is accumulated in plants for adjusting
osmotic potential and freezing point to adapt to the
changeful environment [40]. Soluble protein is the
primary osmoregulation substance and nutrition for
plants, which plays important role in membrane protection [41]. Therefore, soluble protein is considered

Reduction
rate (%)
--7.36
5.52
3.28
5.60
10.37
-0.48
12.01
18.49

CdH
Nitrate content
(μg/g)
2784.30±59.41abc
3080.28±45.16a
2742.38±60.50abc
2511.18±101.62bc
2727.13±66.01abc
2902.44±216.83ab
2569.62±112.57bc
2338.42±144.88c
2631.86±217.83abc

Reduction
rate (%)
---10.63
1.51
9.81
2.05
-4.24
7.71
16.01
5.47

as a resistance index for adversity. In addition, excessive nitrate absorbed by the body is unfavorable
for human health mainly from food [42]. Moreover,
increasing nitrate accumulation can be caused in accordance with Cd accumulation [43-44]. Thus, in
this study, soluble sugar, soluble protein, vitamin C,
and nitrate were selected as nutritional quality indexes to evaluate the effects of seed soaking with Se
or/ and Zn on radish root.
In the present study, Cd content in radish root
was decreased by 20.59% (or 27.36%) seed soaked
with 5 mg/L (or 20 mg/L) Se at CdM level, and decreased by 16.33% (or 9.59%) seed soaked with 5
mg/L (or 20 mg/L) Se at CdH level. The similar results that seed soaking with Se (5-20 μmol/L) significantly decreased Cd content in Shoot (16.85%49.30%) and root (21.27%-37.99%) of sunflower,
respectively, meanwhile, the biomass of shoot
(37.6%-92.55%) and root (106.63%-146.68%) was
enhanced, respectively, under Cd (20 μmol/L) stress
were confirmed by Saidi et al. [19]. Moreover, vitamin C and soluble sugar contents were enhanced by
16.46% and 13.20%, and nitrate content was decreased by 7.36% seed soaked with 5 mg/L Se when
stressed in level of CdM. At CdH level, vitamin C and
soluble sugar contents were enhanced by 14.66%
and 7.95% soaked with 5 mg/L Se. Soluble protein
content was enhanced by 15.79% soaked with 20
mg/L Se. Jing et al. [45] and Zhu et al. [11] reported
that Se accumulation enhanced the contents of vitamin C, soluble sugar, and total flavonoids
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radish edible parts, nevertheless, seed soaking with
100 mg/L Zn + 5 mg/L Se indicated outstanding efficiency on that. It is beneficial for our understanding
of the potential in reducing Cd content soaked with
Se and Zn and provides a new way for developing
strategies to maintain the safety associated with
growing crop plants in Cd-contaminated fields.


!") !'&

significantly in winter jujube and table grape, respectively. These effects of seed soaking with Se may be
induced by the physiological functions of Se illustrated as follows. Se accumulation in plants protects
chloroplasts membrane [46] and antioxidant system
[47], regulates the abundance of functional proteins
[48], inhibits DNA methylation [49].
In this study, Cd content in radish root was decreased by 4.74% (or 28.31%) soaked with 25 mg/L
(or 100 mg/L) Zn at CdM level, and decreased by
27.66% (or 23.44%) soaked with 25 mg/L (or 100
mg/L) Zn at CdH level. The similar evidence that Zn
accumulation decreased Cd and Pb contents in wheat
significantly was found by Qaswar et al. [50]. Yang
et al. [29] reported that seed soaking with Zn (0.02%;
0.04%) for remarkably decrease Cd content by 2036% and have significant positive effects on the
shoot biomass of cucumber planted in Cd-contaminated soils (2 and 5 mg/kg). Moreover, at CdM level,
vitamin C and soluble sugar contents were enhanced
by 10.12% and 27.01% soaked with 100 mg/L Zn.
At CdH level, vitamin C and soluble protein contents
were enhanced by 31.01% and 22.37%, and nitrate
content was decreased by 9.81% soaked with 25
mg/L Zn. Soluble sugar and soluble protein contents
were enhanced by 26.52% and 22.37%, and nitrate
content was decreased by 7.71% soaked with 100
mg/L Zn. These effects may be due to the
physiological functions of Zn illustrated as follows.
Zn presents in all six enzyme classes (oxidoreductase, transferase, hydrolases, lyases, isomerases, and
ligases), regulates the activities, conformational stabilization and folding of various enzymes, which
majority are zinc finger proteins, RNA polymerases
and DNA polymerases [51].
Based on the data of Cd contents in radish edible parts, seed soaking with 100 mg/L Zn + 5 mg/L
Se indicated outstanding efficiency on radish quality, At CdM level, soluble sugar and vitamin C content were enhanced by 12.16%, 20.86%, respectively, nitrate and Cd content was reduced by
12.01%, 18.42%. At CdH level, seed soaking with
100 mg/L Zn + 5 mg/L Se enhanced soluble sugar,
soluble protein and vitamin C content by 38.64%,
10.53%, and 5.09%, respectively, meanwhile, reduced nitrate and Cd content by 16.01%, 14.97%.
Above all, the effects of seed soaking are inconsistent due to the different plant species, the dose,
and components of seed soaking agents.
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A porous hydroxyapatite-carbon adsorbent
with the hierarchical porous microstructure of luffa
sponge bio-template (LS-HAP/C) was prepared by
carbonizing luffa sponges and subsequent doping
with the saturated limewater solution and 0.02
mo1/L (NH4)2HPO4 solution in turn for three times.
The LS-HAP/C had parallel and densely packed
channels of 0.4~1.8 μm in wall thickness and 3~13
μm in diameter that took over the hierarchically porous structure of the natural luffa sponges with mesoand micropores on the inner surfaces of the channel
walls. The specific surface area through the mercury
porosimetry method and the Brunauer–Emmett–
Teller (BET) surface area were estimated to be 6.43
m2/g and 49.49 m2/g, respectively. The LS-HAP/C
showed excellent removal performance as an adsorbent for Pb(II) ions. For the test at the initial Pb(II)
concentrations of 10, 20, 50 and 200 mg/L, the adsorption capacities of the un-pulverized LS-HAP/C
(>3mm) were determined to be 5.11, 10.81, 24.62
and 106.21 mg/g, respectively. The corresponding
removal percentages were 99.99%, 99.58%, 99.97%
and 99.19%, which were comparable to the adsorption capacities of the synthetic hydroxyapatite nanoadsorbents. The experimental data could be very
well fitted with the pseudo-second-order kinetic
model and the adsorption followed the Langmuir
isotherm. The partial dissolution of hydroxyapatite
with the following precipitation of the hydroxypyromorphite–hydroxyapatite
solid
solution
[(PbxCa1‒x)5(PO4)3OH] was the main mechanism for
the Pb(II) uptake by LS-HAP/C, which overwhelmed the ion exchange mechanism.

$*(%+*%$

As one of the most hazardous heavy metals
from the perspective of environmental and human
risks, lead (Pb) has drawn considerable concern [15]. The anthropogenic lead pollution sources include
the utilization of fossil fuels and coal combustion,
use as gasoline additives and automobile emissions,
storage battery and plastic manufacturing, mining
and smelting activities [3, 4, 6]. Like other heavy
metals, non-biodegradable lead is an enzyme inhibitor and general metabolic poison. A long-term ingestion even in a low concentration can cause severe
health problems to human beings and other living
species such as cancer, semi-permanent brain stroke,
mental retardation kidney problems, lung diseases,
high blood pressure, nausea, renal failure, convulsions, and coma [2, 4, 6]. 0.015 mg/L has been established as the maximum permissible limit of Pb in
drinking water by the US Environment Protection
Agency [7], whereas, the tolerance limit is further
lowered to 0.01 mg/L by the World Health Organization [8].
Therefore, it is of special to develop highly efficient techniques to remove lead from water and
wastewater. Various procedures for the Pb(II) removal from wastewater and water have already been
introduced. These include chemical precipitation,
ion-exchange, adsorption, nanofiltration, membrane
separation, reverse osmosis, biological sequestration
and microbial transformation [3, 4]. Among all the
available techniques, the adsorption is the most popular, promising and efficient method with easy design and operation [3].
In the last two decades, a variety of various adsorbents, including activated carbon [9], biochars
from different biomass materials [10], natural and
synthetical minerals (hydroxyapatite, magnetite,
hematite, gypsum, calcite, bentonite, montmorillonite, zeolite etc.) [11-16], various nanomaterials (nanoparticles, nanofibers, nanorods and nanotubes) [1,
17, 18], dried plant parts [19-21], industrial waste

!/-%()
Luffa sponge bio-template, Hierarchical porous microstructure, Hydroxyapatite, Removal performance, Lead
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system of an open network of fibers can remove water contaminants due to the low cost, non-toxicity
and stable physical properties, high degree of porosity and large specific surface area [34].
In this work, the luffa sponges were used as microstructural biotemplates for preparing the hierarchical porous adsorbent of HAP-C (HAP/C-LS) by
coating the carbonized fibrous network of luffa
sponge ( $%!) with a thin film of calcium
HAP. The Pb(II) adsorption experiment was then
made using the prepared adsorbent, which was concerned with the study of influences of initial Pb(II)
concentration, initial solution pH, adsorbent mass
and particle size and temperature. The characteristic
parameters of various adsorption isotherms and kinetic equations were calculated.

biomass [22, 23], agricultural waste biomass [2, 6,
22, 24-27], bagasse and wood fly ash [28] have been
used for lead removal.
Previous investigations indicate that hydroxyapatite (HAP) can effectively remove various metallic ions from contaminated waters and liquid wastes
either by sorption or by coprecipitation, owing to
their low cost and tremendous adsorption affinity
and the low leaching of adsorbed lead from exhausted adsorbent [5]. The specific surface area is
one of the most important parameters for heavy
metal removal [29]. Low surface area of HAP can
restrict their loading capacity. Therefore, synthesis
of HAP with high surface area can increase the loading capacity for practical application. Recently, nanomaterials have attracted a significant environmental attention owing to their distinctive properties,
such as small size, small diffusion resistance, large
surface area, great density of reactive sites, strong reactivity, and catalytic potential facilitate more active
and rapid lead removal than other available adsorbents. However, the separation of fine nanomaterials
powders of HAP from the treated effluents is difficult to perform, rendering the treatment procedure
cost-prohibitive and time-consuming [30]. Furthermore, for the nanoparticles with size <15nm, the
magnetic separation might become ineffective and
the residual particles might result in some toxicological problems in the effluent. Moreover, fine HAP
powders with grain sizes <1µm are not suitable for
column use due to the possible clogging of filters and
significant hydraulic blockage when wastewaters
flow through the column [29]. The existence of
heavy metal ions could result in an appreciable aggregation of hydroxyapatite particles, which might
hinder the adsorbate migration and resist the diffusion of Pb(II) ions in the adsorbents [30, 31].
Hence, developing the optimal adsorbents that
can remove toxic heavy metals through fixed-bed
column adsorption is an aim of numerous researchers. The hierarchical porous microstructures of
bioorganic plants range from the micrometer-scale
to the millimeter-scale [32]. Converting these microstructures into adsorbent materials is an alternative
adsorbent producing process in comparison to the
conventional powder manufacturing techniques [32,
33]. The adsorbents prepared showed the hierarchical porous microstructures like the negative duplication of the wood biotemplate [33]. The hierarchical porous adsorbents are advantageous in applications needing interconnected porosity.
These difficulties can be solved by coating
HAP on to the fibrous network of the highly porous
luffa sponge to produce a system that overcomes the
hindrances associated with physical characters of the
nano-materials such as solid/liquid separation, poor
mechanical strength, small particle size with low
density. $%! is a plant growing freely in
many areas of the world. $ %! sponge
consists of cellulose and lignin. Its fibrous vascular
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4B>A25=C ?A5?1A1C9>= 1=4 381A13C5A9I1
C9>=&A5?1A1C9>= Luffa sponges was sampled, airdried, and cut into cubes of 1cm×1cm×1cm size. In
order to effectively improve the cellular and pore
connectivity, the cubes of luffa sponges (1×1×1 cm3)
were boiled in 5% NH3 solution for 6h to eliminate
the extractable components of luffa sponge including fats, fatty acid, tropolones and gums, etc. The
pre-treated biotemplates of luffa sponge were then
cleaned with pure water and dried at 80oC for 24h.
The dried luffa sponge biotemplates were putted in a
stainless-steel retort and carbonized in a muffle furnace at the temperature of 350oC for 3 hours. The
biotemplates were then cooled to room temperature
so that the hierarchical porous biotemplates was prepared. The pre-treated luffa sponge biotemplates
were then dipped in the saturated limewater solution
at 25oC in covered glass containers. The biotemplates were taken out after soaking for 2h, and then
dipped in 0.02 mo1/L (NH4)2HPO4 for 2h. This soaking–soaking procedure was repeated five times.
Lastly, the soaked luffa sponge biotemplates were
putted in a stainless-steel retort and dried in a furnace
at 50oC for 1d. The biotemplates were then cooled to
room temperature so that the hierarchical porous adsorbent of HAP/C with luffa sponge microstructure
(LS-HAP/C) was prepared.

81A13C5A9I1C9>=The chemical component of
the hierarchical porous adsorbent of LS-HAP/C was
analyzed by Element Analyzer (EA2400II, PerkinElmer). The zeta potential was determined by a zeta
potential analyzer (Zetasizer Nano ZS90, Malvern).
The specific surface area of the LS-HAP/C composite was measured through both the mercury porosimetry method (PoreMaster 60GT, Quantachrome) and the Brunauer–Emmett–Teller method
(NOVAe1000, Quantachrome). The powder X-ray
diffraction (XRD) patterns of the LS-HAP/C samples before and after Pb(II) adsorption were recorded
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and 250 mg/L) at pH 6 and temperatures of 25oC,
35oC and 45oC in 100mL centrifuge tubes at 150 rpm
for 18h.
The residual aqueous Pb(II) concentrations
were analyzed using aa atomic absorption spectrophotometer (AA 700, Perkin-Elmer) under the operating condition after the instrument manual. The adsorption amount at the time #, # (mg/g), is calculated
according to: #= (-#)/, where #,  and  are
the aqueous Pb(II) concentration at # (mg/L), the solution volume (L) and the adsorbent mass (g), respectively. The Pb(II) removal rate ( ) is calculated
as follows: (%) = (-)/×100, where  and
 are the initial Pb(II) concentration and the equilibrium Pb(II) concentration, respectively.


()+"*)$)+))%$

81A13C5A9I1C9>= >6 C85 14B>A25=C .(
The XRD characterization of the LS-HAP/C adsorbent before Pb(II) adsorption indicated that it consisted of hydroxyapatite (HAP) and luffa sponge
charcoal (Figure 1). The recorded XRD patterns
agreed well with the hydroxyapatite (HAP) reference in both peak position and relative intensity. The
recorded diffraction peaks at 2( = 25.78°, 31.85°,
39.36°, 44.55°, 46.64°, 49.41°, 53.18° and 63.96°
corresponded to the (002), (211), (130), (203), (222),
(213), (004) and (304) reflection peaks of hydroxyapatite (Reference code 00-024-0033). The peaks at
26.53°, 42.36°, 43.60°, 44.55° and 48.39° agreed
with the reflection peaks for the carbonized luffa
sponge. 
The X-ray diffraction analysis showed an obvious structural change in the LS-HAP/C adsorbent after Pb(II) adsorption. The diffraction peaks of hydroxypyromorphite (Reference code 01-087-2477)
were recognized in the LS-HAP/C adsorbent. Due to
the closeness of the Ca(II) (0.99Å) and Pb(II)
(1.20Å) ionic radii, the formation of the isomorphic
solid solution among hydroxyapatite and hydroxypyromorphite is considered possible, i.e., the isomorphic substitution of Pb in hydroxyapatite can
lead to the formation of the PbxCa5-x(PO4)3(OH)
solid solution [35]. Furthermore, all the peaks were
shifted to the lower diffraction angles (the maximum
peak (211) from 2θ=31.85° to 2θ=31.18°) which
means that there had been an expansion in structure,
owing to the exchange of Ca(II) ions with larger
Pb(II) ions in the hydroxyapatite crystal [35]. The
XRD analysis of the LS-HAP/C adsorbent after
Pb(II) adsorption confirmed the formation of the
PbxCa5-x(PO4)3(OH) solid solution in which the
Pb/(Pb+Ca) atomic ratio was a little bit lower than
3.75 of Pb3.75Ca1.25(PO4)3(OH) (Reference code 01084-0814) (Figure 1).

using a diffractometer (X'Pert PRO, PANalytical
B.V.) under Cu K' radiation (40 kV and 40 mA).
Phase identification was carried out by comparing
the obtained XRD patterns with the reference codes
from the ICDD standards. The morphology and the
surface chemical composition were analyzed using a
scanning electron microscopy (SEM) with an energy
dispersive x-ray spectroscopy (EDS) (Jeol JSM6380LV, Japan Electron Optics Ltd.).

4B>A?C9>=5G?5A9<5=CB Pb(II) stock solution
was prepared from lead nitrate (Pb(NO3)2, analytically pure), nitric acid (HNO3) and ultrapure water.
The batch adsorption experiments were made in
100mL plastic centrifuge tubes by agitating a certain
amount of the un-pulverized or pulverized LSHAP/C solids in 50mL solution of certain pH and
Pb(II) concentration with an isothermal shaker at
25oC and 150 rpm for 24h to reach chemical equilibrium. Each solution after adsorption was centrifuged
at 4000 rpm for 5 minutes and filtered through 0.22
µm micropore membranes, and then the residual lead
concentration was measured.
The influence of contact time on adsorption
was investigated at 25oC with the constant Pb(II)
concentrations of 10, 20 and 50 mg/L. Influence of
adsorbent particle size was examined with different
adsorbent grain sizes [<100 mesh (<0.149 mm),
80~100 mesh (0.177~0.149 mm), 60~80 mesh
(0.25~0.177 mm), 40~60 mesh (0.4~0.25 mm),
20~40 mesh (0.841~0.4 mm) and un-pulverized
chip (>3mm)] and 50mL of 5, 10, 50 and 200 mg/L
Pb(II) solutions at 25oC. As comparison, the carbonized luffa sponge (Luffa sponge charcoal), pure HAP
and commercial activated carbon were also tested in
the adsorption experiment to determine the influence of the hierarchical porous microstructure on the
removal capacity. Influence of pH was examined by
agitating the solutions of various pHs (1, 2, 3, 4, 5,
6, 7 and 8) with 0.1g/50mL adsorbent dose for 10,
20 and 50 mg/L Pb(II) concentrations at 25oC. Different Pb(II) concentrations (10, 20, 30, 40, 50, 75,
100, 125, 150, 200 and 250mg/L) were used to investigate their influence on adsorption at pH 6 and
temperatures of 25oC, 35oC and 45oC. Influence of
adsorbent mass was researched using various
amounts of adsorbent (0.01, 0.05, 0.1, 0.15, 0.2,
0.25, 0.3, 0.35, 0.4 and 0.5 g) in 50 mL Pb(II) solutions of 10, 20 and 50 mg/L at pH 6 and 25oC. Kinetic
experiment was made by agitating 0.1 g of LSHAP/C in 50 mL of 10, 20 and 50 mg/L Pb(II) solutions at pH 6 and temperatures of 25, 35 and 45oC in
100mL centrifuge tubes at an agitation speed of 150
rpm. The aqueous sampling was carried out from
different centrifuge tubes at the time intervals of 5,
10, 15, 20, 30, 45, 60, 120, 180, 240, 300, 360, 420,
480, 540, 720, 1080 and 1440min. Adsorption isotherms were determined by agitating 0.1 g of LSHAP/C in 50 mL solutions of different Pb(II) concentrations (10, 20, 30, 40, 50, 75, 100, 125, 150, 200

8749

$#

! %  

 







!"  ! 



+( 
.(?1CC5A=B>6C85")&14B>A25=C?A5?1A54F9C8;D661B?>=7529>C5<?;1C5
256>A51=416C5A&214B>A?C9>=
)# The SEM image of the luffa fibers is
shown Figure 2A. The average diameter and surface
appearance of the luffa fibers were like those reported in literatures [36]. Luffa sponge consists of
numerous visible interlaced continuous fibers with a
three-dimensional network structure and is commonly several centimeters in diameter and tens of
centimeters in length (Figure 2A). Furthermore, a
good adhesion between hydroxyapatite matrix and
luffa fiber can be probably allowed due to the coarse
surface of the luffa fibers. Additionally, numerous
small holes exist in the luffa fiber structure. 
It is found that the obtained samples possess
about similar morphology for the different preparing
conditions. Figure 2B-D and E-F shows the typical

SEM images of the LS-HAP/C adsorbent in transverse and longitudinal directions before and after
Pb(II) adsorption, respectively. The SEM micrographs of the fractured LS-HAP/C showed a smooth
surface with a mean fiber diameter of around 250 µm
whereas that of the natural luffa fibers exhibited a
coarse surface. Also, the surfaces of the carbonized
luffa fibers were coated by hydroxyapatite and no
gaps were observed between hydroxyapatite and carbonized luffa fiber. The outer surface of single fiber
showed horizontal layered structure (Figure 2B), the
short grain in the fiber longitudinal section was scattered at random and formed a grid. The interior of
luffa fibers showed a porous microstructure from the
SEM image of the fiber cross section (Figure 2D),
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the apatite group mineral which could result from a
precipitation was detected. These results suggest that
the Pb(II) adsorption could proceed by incorporation
into the crystalline network of the pre-existing apatite.

which formed vascular bundles and yield a multimodal hierarchical pore system. The longitudinal
profile of luffa fiber demonstrated that there were
continuous hollow micro channels, showing a honeycomblike porous microstructure (Figure 2 C, D,
E). These densely packed channels paralleled each
other along the fiber axis and were polygonal in
shape with an average wall thickness of 0.4~1.8 µm
and an average pore diameter of around 3~13 µm
(Figure 2C, D). The channel walls were very thin in
comparison to the channel size, resulting in very
large pore volume. All these morphological characters were inherited from the luffa sponge bio-precursor (Figure 2C, D). This porous structure with
smooth and straight micrometer-scale channels is
very helpful for electrolyte solution transfer.
The gummy and waxy matters in luffa fibers
could be effectively eliminated through alkali pretreatment [36, 37]. Besides, many small holes and
scratches on the surfaces of the alkali pre-treated fibers were observed because of the elimination of
hemicelluloses and lignin. Scanning electron microscope imaging showed also that the morphology of
the LS-HAP/C adsorbent is not modified by Pb(II)
adsorption (Figure 2E, F). No solid phase other than

)#)The chemical compositions of the
samples were assessed by EDS. As shown in FIGURE 3, C, Ca, P and O are the most predominant
elements in all the samples, accounting for >99.85
mass%. The C, Ca, P and O contents of the hierarchical porous adsorbent of LS-HAP/C prepared with
luffa sponge bio-template were measured to be
41.37~57.82%, 3.77~10.59%, 0.12~3.98% and
35.72~41.47%, respectively. After Pb(II) adsorption, the C, Ca, P and O contents were measured to
be 48.12~55.14%, 2.53~8.18%, 1.10~3.88% and
15.41~33.35%, respectively. The lead content was
measured to be 7.06~24.17% (Figure 3). Quantitative SEM-EDS analysis indicated that the Pb(II) adsorbed on the LS-HAP/C adsorbent was up to
24.17% (w:w), which confirmed the binding of
Pb(II) onto the LS-HAP/C surface and the formation
of the (Pb0.36Ca0.64)5(PO4)3(OH) solid solution.
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.&) XPS spectra were taken for the LSHAP/C adsorbents before and after the adsorption to
investigate the surface composition and bonding
states (Figure 4). The result showed that the LSHAP/C samples contain C, Ca, P and O elements,
which originated largely from the elements contained in the luffa sponge precursors and the soaking
solutions of limewater and (NH4)2HPO4. After adsorption, Pb4 peak was also observed in the spectrum. The shift of the C, Ca, P and O peaks by the
adsorption was within 0.05 eV, although the spectra
are not shown here. This indicates that the treatment
shows no noticeable effect on the state of PO43− and
Ca2+ in the surface layer. By using the area intensity
of the peaks of C1", O1", Ca2, P2 and Pb4, the
surface compositions of the LS-HAP/C adsorbents
after the adsorption were estimated to be 68.85%,
19.10%, 6.65%, 4.62% and 2.59% for C, O, Ca, P
and Pb, respectively.

[39]. It is commonly believed that the shape of the
hysteresis loop is correlated to the texture of a porous
material (e.g., pore size distribution, connectivity
and geometry), and the material with H3 hysteresis
has slit-shaped pores. Besides, the low-pressure hysteresis (N2 in the relative pressure < 0.4~0.45 at 77
K) might be related to the volume variation of the
LS-HAP/C adsorbent, e.g., the irreversible uptake of
molecule in pore of the same width as that of the adsorptive molecule or the swelling of non-rigid pores
[40].
The pore-size distribution of the LS-HAP/C adsorbent before adsorption indicated the presence of
micro–mesoporous structures with the average pore
width of 5.46~5.80 nm in diameter; the correlation
coefficient was r=0.9986 (Figure 5). The Brunauer–
Emmett–Teller (BET) surface area of the LS-HAP/C
adsorbent was 18.43~49.49 m2/g. The hierarchical
porous structure combining the abundant macrochannels, mesopores, and micropores may result in
well match between ion adsorption and transport
[39,40]. The porosity and specific surface area of the
LS-HAP/C adsorbent were estimated to be 67.28%
and 6.43 m2/g through the mercury porosimetry
method, respectively. The pore size varied between
0~220 μm with the mean diameter of 0.93 μm and
the median pore diameter of 1.77 μm.

=6;D5=35B>614B>A?C9>=3>=49C9>=BAdsorption equilibrium can be dominated by many adsorption factors, e.g., the properties of solution, solute
and adsorbent. In this work, the influences of the initial Pb(II) concentration, temperature, solution pH,
adsorbent dose and particle size on adsorption kinetics were to be examined.

)DA61351A511=4?>A5B9I549BCA92DC9>=The
pore size covered large ranges, suggesting that the
pores were produced along the inherent frameworks
of luffa sponge. The fiber bundles of luffa sponge
were mostly composed of fiber cells. Only one cavity was observed near the center of the fiber bundles
with a few phloem tissue and vessels nearby, which
resulted in a circular distribution of fiber cells [38].
The N2 adsorption/desorption isotherms for
LS-HAP/C were consistent with the type-II curve of
the IUPAC classification (Figure 5), which describes
strong
adsorbate-adsorbent
interactions
on
macroporous adsorbents. The N2 adsorption/desorption isotherms also showed a H3 hysteresis loop according to the empirical classification of IUPAC
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=6;D5=35>63>=C13CC9<5>=&214B>A?C9>=>=C>C85")&14B>A25=C
9=9C91;?14B>A25=C4>B5  7 <" K
=6;D5=35>63>=C13CC9<5The reaction time
play a significant role in adsorption. For the physical
binding, most of the adsorbate can be adsorbed in a
briefer time. Conversely, the chemical interaction
between adsorbate and adsorbent requires a longer
reaction time to attain equilibrium. The adsorption
uptake of Pb(II) was quicker at the early stage due to
an abundance of vacant sites available on the adsorbent surface, and then became slower near equilibrium. Adsorption of Pb(II) by the LS-HAP/C adsorbent is plotted as a function of time in Figure 6. Two
different removal steps could be observed from the
curves. The first step exhibited a fast Pb(II) removal
(first 5 min), the second step involved a following removal until the equilibrium was achieved, which was
a slower and quantitatively unimportant step. The residual aqueous Pb(II) concentration decreased and
the amount of Pb(II) adsorbed (mg/g) increased
quickly with the contact time at the initial stage of
the adsorption, which indicated a strong interaction
between the Pb(II) ions and the adsorbent (Figure 6).
For the adsorption with the initial Pb(II) concentration of 10, 20 and 50 mg/L at pH 6 and 25oC,
>99.65% of Pb(II) was adsorbed within the early 5
minutes at a mean adsorption rate of 0.9433, 1.9812
and 4.8057 mg/(g·min), respectively. The residual
Pb(II) concentration and the amount of Pb(II) adsorbed in solutions were nearly steady after adsorption for 5 min.

amount of Pb(II) adsorbed ( e) vs the initial Pb(II)
concentrations are plotted in Figure 7. The overall
trends of Pb(II) adsorption at different temperatures
were similar. As the initial Pb(II) concentrations increased from 10 mg/L to 250 mg/L, the amount of
Pb(II) adsorbed increased from 4.82 mg/g to 125.57
mg/g at 25oC, from 4.81 mg/g to 127.63 mg/g at
35oC, and from 4.81 mg/g to 127.82 mg/g at 45oC.
Correspondingly, the removal efficiencies declined
constantly from 99.97% to 97.67% at 25oC, from
99.99% to 99.61% at 35oC, and from 99.98% to
99.51% at 45oC. The removal efficiency of Pb(II) decreased as the Pb(II) concentration increased due to the
lack of available active sites required for the high initial
Pb(II) concentration. Nevertheless, the adsorption capacities of LS-HAP/C increased as the Pb(II) concentration increased owing to the increase in the mass
transfer driving force and consequently the passthrough rate of Pb(II) from the bulk solution to the particle surface. 
Temperature can affect the adsorption extent and
rate. The removal efficiencies were increased as temperature increased, which suggested that the temperature could stimulate the Pb(II) adsorption and enabled
Pb(II) to diffuse rapidly and further through the LSHAP/C particles, and the adsorption process could be
endothermic [30].
=6;D5=35>69=9C91;B>;DC9>=?Solution pH
is one of the most important parameters controlling
the removal mechnism of metal ions [5,41]. Lead
forms hydroxide Pb(OH)2 ( sp = 1.2×10−15) over a
pH range of about 9. In the absence of an adsorbent,
Pb(II) can be removed from water through precipitation, which may introduce uncertainty into the adsorption study. Thus, the solution pHs were controlled within the range of 1~8 to eliminate the

=6;D5=35 >6 9=9C91; 3>=35=CA1C9>= 1=4 C5<
?5A1CDA5The kinetic dependencies on concentration
and temperature were examined by varying initial
Pb(II) concentrations (10~250 mg/L) and temperatures (25, 35 and 45oC), while the other adsorption
conditions were kept constant (adsorbent mass
0.1g/50mL, initial pH 6). The removal rate and the
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cationic sites in the LS-HAP/C adsorbent. Not only
the solution Pb(II) chemistry, but also the surface
charge of LS-HAP/C could be significantly affected
by the solution pH (Figure 8). The adsorption of the
positive charged Pb(II) cation groups onto the LSHAP/C surface was mainly affected by the surface
charge of LS-HAP/C that was dominated by solution
pH. High initial pH benefited the Pb(II) adsorption
onto the LS-HAP/C surface. For the initial Pb(II)
concentration of 10~50 mg/L with pH>3, more than
99.97% of Pb(II) ions could be eliminated from
aqueous solution.

influence of precipitation of Pb(II). Sorption experiments as a function of pH were conducted with three
starting Pb(II) concentrations, i.e., 10, 20 and 50
mg/L.
The uptake of Pb(II) as a function of initial solution pH was investigated and the obtained data are
plotted in Figure 8. The adsorption of Pb(II) onto the
LS-HAP/C adsorbent increased with the increasing
pH up to 3 and then approached a plateau within the
pH range of 3~8 reflecting the presence a second
sorption mechanism. The increase of the adsorbed
amount of Pb(II) with the pH increase from 1 to 3
was related to the overall increase in the number of
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=6;D5=35>614B>A25=C4>B5The total Pb(II)
amount adsorbed increased with the increasing adsorbent dose of LS-HAP/C (Figure 9), which was related to the increase in the adsorbent surface area and
available adsorption sites. Whereas, the unit adsorption capacity declined with the increasing adsorbent
dose, which was related to the possible aggregation
or overlapping of adsorbent surface area accessible to
Pb(II) ions and the increasing in diffusion path
length. For the initial Pb(II) concentrations of 10, 20
and 50 mg/L, the amounts of Pb(II) adsorbed declined from 5.12 mg/g to 0.51 mg/g, 10.87 mg/g to
1.09 mg/g and 24.62 mg/g to 2.48 mg/g with the increases of the adsorbent dose from 0.1 to 1.0g in 50mL
solution, respectively. Meanwhile, the corresponding
removal rates for Pb(II) increased constantly from
99.92% to 100.00%, 99.95% to 100.00% and
99.98% to 100.00%.

=6;D5=35>614B>A25=C7A19=B9I5The adsorption capacities were determined for the adsorption at
different initial Pb(II) concentrations (10, 20, 50 and
200 mg/L) at 25oC, while other adsorption conditions
were kept constant. The adsorption rates decreased
and the adsorption capacities increased with the increasing initial Pb(II) concentrations for all LSHAP/C adsorbents of different particle sizes. The dependency of the removal rates and the amounts of
Pb(II) adsorbed ( e) on the initial Pb(II) concentration is plotted in Figure 10. The particle sizes of the
pulverized LS-HAP/C adsorbents showed insignificant effect on the adsorption capacity and removal
rate for the sorption at the initial Pb(II) concentrations of 10~200 mg/L, owing to their hierarchical
porous structure that was inherited from luffa
sponge. The amounts of Pb(II) adsorbed on the unpulverized LS-HAP/C adsorbent (>3 mm) were
5.11, 10.81, 24.62 and 106.21 mg/g for the sorption
at the initial Pb(II) concentrations of 10, 20, 50 and
200 mg/L, respectively, and the corresponding removal rates were 99.99%, 99.58%, 99.97% and
99.19%. This means that the pulverized LS-HAP/C
adsorbent of <0.149 mm (<100 mesh) and the unpulverized LS-HAP/C adsorbent possessed a greater
removal rate and a greater adsorption capacity than
the commercial activated carbon, the luffa sponge
charcoal, the HAP powder and the mixture of the
luffa sponge charcoal and HAP at different Pb(II)
concentrations. The pulverized LS-HAP/C adsorbent (<0.149 mm) showed a higher removal efficiency and a higher adsorption capacity than the hydroxyapatite powder at the initial Pb(II) concentration of 10~200 mg/L.

4B>A?C9>=:9=5C93BAmong different kinetic
models, the experimental data can be very well fitted
to the pseudo-second-order kinetic model, which is
described as following [42]:

1


=
+
2
  2  

(1)

where # and  are the adsorption capacities
(mg/g) at the time # and equilibrium, respectively; 
is the pseudo-second-order constant (g/(mg·min)).
The adsorption rate () (mg/(g min)) can be estimated by the following equation:
=  2
(2)
The  and  values can be calculated from the
intercept and slope of a straight line of plotting #/ #
vs #, respectively (Figure 11).
The correlation coefficients ( 2≈1.0000) were
closer to unity; therefore, the Pb(II) adsorption onto
LS-HAP/C could very well be fitted by the pseudosecond-order kinetic model, indicating that a chemiadsorption was the rate-limiting step. The 2 and 
values were 0.5219~1.6266 g/(mg·min) and
36.36~303.03 mg/(g·min), respectively (TABLE 1).
The calculated adsorption capacities ( ) at equilibrium, 4.73, 9.92 and 24.10 mg/g, were in accord with
the experimental values of 4.73, 9.92 and 24.12 mg/g
for the adsorption at the initial Pb(II) concentrations
of 10, 20 and 50 mg/L, respectively.

4B>A?C9>= 9B>C85A< Langmuir isotherm is
expressed by the following equation:
/ =1/( · )+ / 
(3)
where
(L/mg),  (mg/L) and  (mg/g) are
the Langmuir adsorption constant, the Pb(II) concentration at equilibrium and the adsorption capacity, respectively.
Linear plot of /  vs  indicated that the
Pb(II) adsorption on LS-HAP/C followed the Langmuir isotherm (Figure 11). The  and
constants
were determined from the regression line slope and
intercept, respectively (TABLE 1).
The Langmuir isotherm can be characterized
using the following separation factor or the equilibrium constant ( ):
)
(4)
= 1/(
where o (mg/L) is the initial Pb(II) concentration.
The Langmuir isotherm is valid to homogeneous adsorption, where all adsorbate molecules are
adsorbed onto the adsorbent surface with the same
adsorption activation energy. The Langmuir isotherm yielded a good fit for the Pb(II) adsorption
onto LS-HAP/C with the correlation coefficients ( 2)
of 0.9927, 0.9867 and 0.9698 for the adsorption at
25oC, 35oC and 45oC, respectively (Figure 11 and
Table 1). The high 2 values indicated the homogevalues
neous character of the adsorbent surface.
show the isotherm types to be irreversible ( <0),
linear ( =1), favorable (0< <1) or unfavorable
( >1)
[43].
The
values
between
0.00021~0.01720 confirmed the favorable adsorption removal of Pb(II) from water.
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!9=5C93B1=49B>C85A<6>A&214B>A?C9>=>=C>C85")&14B>A25=C9=9C91;?

*" 
!9=5C93B1=49B>C85A<?1A1<5C5AB6>AC85&214B>A?C9>=>=C>C85")&14B>A25=C
Initial Pb(II) concentration (mg/L)
10
20
50
Temperature (oC)
25
35
45

"$"!!"##"
 (g/(mg·min))
 (g/(mg·min))
1.6266
36.36
0.8467
83.33
0.5219
303.03
$!"##"
(mg/g)
L (L/mg)
125.00
10.00
126.58
15.80
125.00
16.00

><?1A9B>=>6<1G14B>A?C9>=31?139C95B>6
&22H;D661B?>=751=48H4A>GH1?1C9C514B>A
25=CB Table 2 presents a comparison of the LSHAP/C adsorbent with some luffa sponge, hydroxyapatite and other adsorbents for the Pb(II) adsorption
removal from aqueous solution in literatures.
The Pb(II) adsorptions onto natural luffa
sponge and other agricultural wastes were examined
comprehensively [19-28,44-53]. The adsorption capacities of Pb(II) of the un-pulverized and pulverized
LS-HAP/C adsorbents were higher than 2.15~61.28
mg/g of luffa sponge and other natural adsorbents
from agricultural wastes (Table 2).

4.73
9.92
24.10

2

1.0000
1.0000
1.0000


0.00033~0.01961
0.00021~0.01250
0.00021~0.01235


0.9927
0.9867
0.9698

(mg/g)

2

Comparatively, natural minerals showed small
adsorption capacities for Pb(II) under similar adsorption condition. The maximum Pb(II) adsorption capacities were measured to be only 19.92 mg/g for
calcite [46] and 14.64 mg/g for zeolite [48]. Activated carbon is one of the most frequently applied
materials for filtering heavy metal ions. The maximum Pb(II) sorption capacities of three activated
carbons were measured to be 5.95~21.8 mg/L [44,
45, 49], which were lower than those of our LSHAP/C adsorbents (Table 2).
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><?1A9B>=>6C8514B>A?C9>=31?139CH>6")&F9C8B><5>C85A14B>A25=CB6>A&2A5<>E1;
4B>A25=C
LS-HAP/C
LS-HAP/C
LS-HAP/C
LS-Charcoal
HAP powder
Coir
Coir
Grape stalks
Sawdust of poplar trees
Fruit shell of !"# 
! pods
Modified peanut husk
Rice husk
Seed husk of %$%$
Olive mill solid
Cabbage waste
Bagasse fly ash
Bamboo dust carbon
Charcoal (oak wood based)
Zeolite
Calcite
Commercial activated carbon (coal based)
Commercial activated carbon
Activated carbon prepared from "$"$!$" hulls
Natural apatite
Synthetic hydroxyapatite
Nano hydroxyapatite
Nano hydroxyapatite
Nano hydroxyapatite
Hydroxyapatite/zeolite nanocomposite
Nanocomposite of hydroxyapatite with granular activated
carbon

1?139CH<77
5.11~106.21
5.12~106.42
125.00~126.58
5.08~69.44
5.11~103.62
18.9
48.8
49.7
21.05
3.56
25.13
29.14
4
34.51
23.7
61.28
2.5
2.15
31.08
14.641
19.92
19.89
5.95
21.8
82.88
91.58
244
83~138
99.79
55.55

(565A5=35
This study
This study
This study
This study
This study
[21]
[19]
[20]
[22]
[25]
[27]
[22]
[24]
[6]
[23]
[26]
[28]
[44]
[45]
[48]
[46]
[45]
[44]
[49]
[50]
[50]
[52]
[51]
[47]
[53]

9~14

[51]

&2 14B>A?C9>= <5381=9B<B The mechanism of Pb(II) removal from aqueous solution by the
LS-HAP/C adsorbent is a complex process. The removal kinetic results of the present work agree with
those of previous studies [41,55-57]. Support to this
mechanism is provided by the XRD result as some
additional peaks were detected after Pb(II) adsorption, which consisted of both the original apatite
crystals and newly formed Pb apatite crystals. Additionally, a shift of the hydroxyapatite XRD peaks
was observed, which indicated an ion substitution in
the hydroxyapatite structure. The SEM observation
showed no morphological difference in the LSHAP/C solids before and after Pb(II) adsorption,
whereas the EDS and XPS analysis confirmed the
existence of Pb on the LS-HAP/C surface and the
formation of (Pb0.36Ca0.64)5(PO4)3(OH).
Two types of mechanisms may regulate Pb(II)
removal from aqueous solution by LS-HAP/C: surface ion exchange or dissolution-precipitation. The
first mechanism is the adsorption of Pb(II) ions on
the LS-HAP/C surface and the following substitution of Ca(II) ions in hydroxyapatite by Pb(II) ions
adsorbed [55, 58]. This ion exchange mechanism can
be expressed as:
Ca5(PO4)3(OH) + 5xPb2+ =
5xCa2+ + (PbxCa1‒x)5(PO4)3OH
(5)
In the present experiment, the partial dissolution of hydroxyapatite and the following precipitation of the hydroxypyromorphite–hydroxyapatite

The Pb(II) removal capacities of the un-pulverized LS-HAP/C adsorbent were measured to be 5.11,
10.81, 24.62, 106.21 and 125.00 mg/g for the adsorption at the initial Pb(II) concentrations of 10, 20, 50,
200 and 250 mg/L, respectively, which were comparable to the Pb(II) adsorption capacities for the natural and synthetic hydroxyapatites, such as
82.88~91.58 mg/g for the natural and synthetic hydroxyapatites (particle size 0.01~0.2mm) [50],
83~244 mg/g for the synthetic nano-hydroxyapatites
[47, 51, 52] and 5~55.55 mg/g for the nanocomposites of hydroxyapatite with granular activated carbon or zeolite [51, 53].
The difference in the sorption capacities of natural and synthetic hydroxyapatites might be caused
by the difference in their surface areas. The smaller
sizes of HAP nano-adsorbents were favorable for the
Pb(II) ion diffusion from water to the active sites on
the LS-HAP/C surface. Nevertheless, nano-materials tend to aggregate in water, which might limit
their adsorption effectiveness. To enhance mobility
and reactivity, nano-materials must be stable in water to prevent the occurrence of aggregation and sedimentation, which may limit the large-scale utilization [54]. Although the removal rate increased with
the decrease in the particle size, nano-materials are
not suitable for column application due to potential
clogging and serious hydraulic obstruction when
waste streams flow through columns [29].
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Pb2+ + H2O = Pb(OH) + + H+
log_k = -7.71
(9)
Pb2+ + 2H2O = Pb(OH)20 + 2H+
log_k = -17.12
(10)
Pb2+ + 3H2O = Pb(OH)3- + 3H+
log_k = -28.06
(11)
Pb2+ + 4H2O = Pb(OH)42- + 4H+
log_k = -39.7
(12)
The removal capacity of LS-HAP/C increased
with the increasing pH in acidic medium and remained constant in alkaline condition. This means
that the positively charged Pb(II) species were dominant at low pH and their adsorption on the LSHAP/C adsorbent occurred in faster rate. Nevertheless, there were some Pb(II) species with diverse
charges like Pb(OH)+, Pb(OH)20, Pb(OH)3- and
Pb(OH)42- at high pH [41].
As the dissolution of hydroxyapatite, the hydroxypyromorphite–hydroxyapatite solid solution
[(PbxCa1‒x)5(PO4)3OH] would precipitate according
to the following reaction:
5xPb2+ + (5-5x)Ca2+ + 3PO43- + OH- =
(PbxCa1‒x)5(PO4)3(OH)
(13)

solid solution [(PbxCa1‒x)5(PO4)3OH] should be the
main mechanism for the Pb(II) uptake by LSHAP/C, which overwhelmed surface adsorption and
cation substitution. The chemical equilibria are pHdependent; therefore, the following protonationdeprotonation reactions must also be considered as
follows:
(6)
Ca5(PO4)OH = 5Ca2+ + 3PO43- + OHPO43- + 3H+ = HPO42- + 2H+ = H2PO4- + H+ =
(7)
H3PO40
Ca2+ + 2OH- = Ca(OH) + + OH- =
Ca(OH)2
(8)
When the solution pH was higher than the
pHPZC (2.60) of LS-HAP/C, its surface was negatively charged, which would result in a more effective cation adsorption. Besides, the concentration of
the hydrolyzed Pb(II) species depended not only on
the Pb(II) concentration, but also on the solution
pHs. The distribution of different hydrolyzed Pb(II)
species as a function of pH was calculated and plotted in FIGURE 12. The percentage of hydrolyzed
Pb(II) species at a total lead concentration of 50
mg/L was computed using the following stability
constants from the phreeqc.dat database of
PHREEQC program [59]:


+( 
,1A91C9>=>6C85B>;DC9>=?4DA9=7&214B>A?C9>=>=C>C85")&14B>A25=C
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The solubility products ( sp) were 10-80.77 for
hydroxypyromorphite [Pb5(PO4)3OH] and 10-58.38
for calcium hydroxyapatite [Ca5(PO4)3OH]. The solubility of the (PbxCa1‒x)5(PO4)3(OH) solid solution
decreased with increase in the Pb/(Pb+Ca) atomic ratio (x) [35]. The enormous difference between the
solubility products of Pb5(PO4)3(OH) and
Ca5(PO4)3(OH) can cause a constant decrease of
Pb(II) ions in the aqueous solution and a constant increase of Pb5(PO4)3(OH) in the solid. Finally, a solid
phase with a component near Pb5(PO4)3(OH) would
form due to the very low solubility of Pb5(PO4)3(OH)
and the relatively high solubility of Ca5(PO4)3(OH)
[35].
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mopathogenic fungi (EPF) which are natural enemies of soil pests [1, 2, 3, 4, 5].
Soil provides the matrix for the maintenance
of a natural reservoir of many EPF and can be inoculated with these fungi either by an infected insect
entering the soil or by the deposition of spores on
the soil surface [6]. Fungi play an important role in
the processes of biocenotic control of populations
of numerous insect and acarid species and some of
them provide a basis for the production of bioinsecticides increasingly used in the biological pest control [3, 7, 8, 9, 10, 11].
Heavy metals are among the most hazardous
contaminants entering the surrounding environment
due to agricultural and non-agricultural anthropogenic activities and affecting soil microorganisms
(to a very different extent), including EPF [3, 12,
13, 14, 15]. They affect their growth, pathogenicity
and metabolic processes [16,17]. Entomopathogenic
fungi exhibit the ability to create adaptation mechanisms in soils heavily contaminated with heavy
metals [18, 19].
The aim of the study was to compare the species composition and the rate of occurrence of EPF
in cultivable soil following the application of mineral fertilisation with the addition of selected heavy
metal salts.

This study compared the species composition
and the occurrence rate of entomopathogenic fungi
(EPF) in cultivable soil on which mineral fertilisation with the addition of selected heavy metal salts
was applied. The experiment was carried out on the
following plots: a control plot (no fertilisation), and
a plot fertilised with mineral fertilisers NPK;
NPK+Zn; NPK+Cu, and NPK+Zn+Cu. Entomopathogenic fungi were isolated from the soil
using the trap insect method as well as a selective
medium. Four species of entomopathogenic fungi,
i.e.  s.l., !
s.l.,  , and  , were
isolated using the trap insect method from the soil
samples, while applying the method of inoculation
of soil solutions onto a selective medium, the presence of five following species was noted:
 s.l.,   s.l.,      
 and  sp. Fungus  
 s.l. proved to be the predominant species in
the tested soil samples. The addition of heavy metal
salts to the soil had no significant effect on the
number of infectious units (CFUs) of this fungus
being formed compared to the control plot.


%$ !
Entomopathogenic fungi, cultivable soil, mineral fertilisation, zinc and copper salts
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The material for testing consisted of soil samples collected in the second year of the experiment
on two dates in 2015, i.e. in the spring and in the
autumn, at the greenhouse object of the Siedlce
University of Natural Sciences and Humanities.
Soil samples were collected from five fertilisation
experiment plots on which the grain maize was
cultivated. Prior to the establishment of the experiment, a soil test pit was dug to a depth of 150 cm. It
was described in morphological terms and qualified
as anthropogenic soil with a granulometric composition of the humus horizon of sandy loam. Complex of agricultural suitability 4 (very good rye).

" #"
Mineral fertilisation, due to its widespread application in plant cultivation, is one of the major
factors affecting the soil environment. Despite the
application of high doses of mineral fertilisers in the
form of NPK in agriculture being a factor that contributes to obtaining higher yields, it also contributes to the degradation of the soil environment and
to a reduction in the count and infectious potential
of certain soil microorganisms, including ento-
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in 1 g of dry soil were counted. EPF were identified
to the species according to the methodology described above.
The obtained results were processed statistically using the analysis of variance for a threefactor no repetition experiment, in which the tested
factors included the following: A – the date of soil
sample collection; B – fertilisation variant; C –
fungus species. Conclusions concerning the effects
of experimental factors on the values of tested characteristics were drawn based on the FisherSnedecor test results and the NIR values at p=0.05
were calculated using Tukey’s test.

The pH of the fertilisation experiment plots ranged
from 6.5 to 7.0. The experiment was set up using
randomized blocks in three replications with a plot
size of 2.4 m2 and was carried out on the following
plots in: control plot (no fertilisation); a plot fertilised with mineral fertilisers NPK in quantity: nitrogen – 170 kg ha-1; phosphorus – 32 kg ha-1; potassium – 140 kg ha-1; a plot fertilised with NPK +
Zn (12,5 kg Zn ha-1); a plot fertilised with NPK +
Cu (5 kg Cu ha-1); and a plot fertilised NPK + Zn +
Cu. Nitrogen fertilisation was used in the form of
urea CH4N2O and NH4NO3 ammonium nitrate;
phosphate fertilisation in the form of triple granulated Ca(H2PO4)2 granular phosphate; potassium in
the form of KCl potassium salt. Copper and zinc
were added to the soil in the form of hydrated salts
of CuSO4·5H2O and ZnSO4·5H2O.
Soil samples were taken up to a depth of 20
cm with 5 points randomly distributed on the fertilisation plot.
EPF were isolated from the soil using two
methods: the trap insect method proposed by Zimmermann [20] and a selective medium developed
by Strasser et al. [21]. (L3 stage) larvae of the
greater wax moth  were used as
the trap insect. Five plastic boxes with a capacity of
approx. 200 ml were filled with soil from each
fertilisation experiment plot and ten  
larvae were put into each box. The dishes with the
larvae were kept in incubators at 20–22oC in dark
conditions.
The fungi developing on the insects were microscopically tested and identified on the basis of
morphological characteristics, using standard identification keys [22, 23]. Given that only morphological methods were applied during the identification
of the fungi, the species    and
!  were defined  ,
because, as demonstrated by the latest phylogenetic
studies based on DNA sequence [24, 25, 26], there
are numerous fungus species both within the genus
of   as well as ! which are
impossible to distinguish from each other without
the application of molecular methods.
During the second part of the experiment, insect-pathogenic fungi were isolated from soil using
a selective medium composed [21]. From each soil
sample originating from a particular fertilisation
experiment plot, 2 g of soil was weighed and then
poured over with 18 ml of distilled water with the
addition of a Triton X-100. 0.1 ml of soil solution
was taken and then poured onto the surface of the
selective medium and distributed using a glass
spatula. The experiment was carried out in three
replications for each soil sample. The dishes were
then transferred to a heat chamber. After 7–10 days,
the number of colony-forming units (CFUs) of
particular species of EPF, developing on the culture
medium, were counted. At the final stage, colonyforming units (CFUs) of particular fungus species

!#"!!#!!
Four species of EPF, i.e.   
s.l., !  s.l.,  
, and  , were isolated using the
trap insect method from the soil samples collected
from particular fertilisation experiment plots on two
dates, i.e. in the spring and in the autumn(Table 1,
Figure 1). After applying the inoculation method of
soil solutions onto a selective medium, the following five species were isolated:   s.l., 
 s.l.,      , and
 sp. (Table 2). The species composition, the number of infected larvae of the trap insect
and the density of colony forming units (CFUs) of
EPF varied depending on the date of soil sample
collection as well as on the applied fertilisation
variant.
The study demonstrated that in the soil samples collected in the spring, following the emergence of maize, irrespective of the applied fertilisation, the fungus species which caused the highest
mortality in  larvae was 
s.l. (Table 1). The obtained results correspond to the
study results obtained by Gondek and Ropek [27],
and by Majchrowska-Safaryan et al. [28], who
concluded that the fungus species most frequently
isolated from cultivable soils fertilised with various
mineral fertilisers was   s.l. This was
also confirmed by studies conducted by Keller et al.
[29], Quesada-Morga et al. [30], Tkaczuk [3], and
Tkaczuk et al. [10, 31]. In the author's own study,
the percentage of larvae attacked by the fungus
ranged from 62% in the soil collected from the plot
only fertilised with mineral fertilisers (NPK) to
100% in the soil from a plot only fertilised with
mineral fertilisers with the addition of hydrated
copper salt solutions. Jarmuł-Pietraszyk et al. [4]
concluded that long-term mineral fertilisation contributed to the infection of the trap insect larvae by
  in the soil samples collected in the
spring to a greater extent than it did in the samples
collected in autumn months.
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579'2/9>5,  2'7;'+/485/285,/4*/;/*:'2,+79/2/8'9/545(0+)98
Year 2015
spring
autumn
a
b
c
d
e
a
b
c
d
e
s.l.
6
4
6
s.l.
96
62
72
100
94
80
68
44
78
96

8
4
2
10

2
sp.
Total
96
70
72
100
100
84
74
62
78
96
sp.
2
sp.
2
20
16
10
10
24
10
4
sp.
sp.
2
2
6
2
Unsporulated mycelium
6
6
2
2
10
8
Total
2
30
24
112
18
34
20
4
Nematodes
2
4
2
Other causes
2
4
2
8
Total
2
4
4
8
4
2
30
a – control object (without fertilisation) ; b – fertilisation with mineral fertilisers NPK; c – fertilisation with mineral fertilisers
NPK+Zn; d –fertilisation with mineral fertilisers NPK+Cu; e– fertilisation with mineral fertilisers NPK+Zn+Cu
Factor of mortality


#  
".+3579'2/9>5,  2'7;'+/49.+85/285,/4*/;/*:'2,+79/2/8'9/545(0+)98)':8+*(>
+495356'9.5-+4/),:4-/
* – explanations as Table 1


confirm the study carried out by Tkaczuk [3] that
found the fungus   to be a species
exhibiting high tolerance to the presence of metal
ions in the culture medium. According to Popowska-Nowak et al. [18], isolates of the fungus 
 originating from soils with an elevated
heavy metal content can create certain adaptation
mechanisms enabling them to survive under conditions of excessive environmental contamination. A
high percentage of trap insect larvae infected by the
fungus   s.l. during both parts of the
study was also observed on the plot on which no
fertilisation had been applied (control plot). Vänninen [32] concluded that the fungus 

During the autumn part of the experiment, i.e.
after the harvest of maize, a slightly lower percentage of the trap insect larvae infected with the fungus   s.l. was noted. These values
ranged from 44% to 96%. The highest rate of occurrence of the tested fungus was found in the soil
collected from the plot on which mineral fertilisation with the addition of hydrated copper
(CuSO4·5H2O) and zinc (ZnSO4·5H2O) salts had
been applied, while the lowest rate of occurrence
was found in the soils from the plots on which only
mineral fertilisation (44%, respectively) and mineral fertilisation with the addition of zinc salts (68%,
relatively) had been applied. The obtained results
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tion to the substrate contributed to the reduction in
the growth of the fungus colony.
The presence of fungus   isolated using the method of inoculation of soil solutions
onto a selective medium was only observed in soil
samples originating from two experimental plots.
The number of formed infectious units CFU
amounted to 0.2 x 103 in one gram of soil in the
spring (NPK+Cu), and to 0.1 x 103 CFU g-1 in the
autumn (control plot), respectively. In their study,
Gorczyca and Ropek [37] did not conclude that the
addition of zinc and copper ions to the culture medium contributed to a reduction in the amount of the
produced biomass of  . JarmułPietraszczyk et al. [4], examined soils fertilised
intensively with mineral fertilisers and observed
that particular nutrients introduced to the soil had
different effects on the pathogenicity of EPF. According to Bajan and Kmitowa [38], nitrogen
strongly stimulates the growth of  and 
, phosphorus stimulates the growth of
 ,   and  , while
potassium is a nutrient contributing to an increase in
the growth rate of fungus .
The current study demonstrated that the fungus   was the least effective in causing
the mortality of   larvae (Table 1). In
the spring, in soil samples collected from particular
fertilisation experiment plots, the presence of 
 s.l. was only found on the plot fertilised
with an addition of zinc and copper salts
(NPK+Zn+Cu). According to Nordgren et al. [39]
and Kameo et al. [40], fungus  is a species characterised by high tolerance and thus by the
ability to accumulate high amounts of heavy metals.
During the autumn part of the study, the rate of
infection of larvae with this fungus was negligible
and its presence was only found in soil from two
plots. The results obtained in the author's own study
differ from those obtained by Jarmuł-Pietraszczyk
et al. [41]. Those authors, having studied the effect
of many years’ of fertilisation of cultivable soils on
the occurrence of EPF, concluded that the 
 exhibited the highest pathogenicity compared
to the trapinsect larvae.
A study carried out using a selective medium
confirmed the results obtained using the trap insect
method (Table 2). During the spring part of the
study, the presence of   s.l. was only
found on two fertilisation experimental plots and
the number of formed infectious units CFU in one
gram of soil ranged from 0.1 x 103 to 0.6 x 103. In
the autumn, the rate of occurrence of  
s.l. was low as well. Gorczyca [14], having examined the effect of selected cadmium, lead, copper,
manganese and zinc ions on , concluded
that these ions stimulated the increase of the biomass of the fungus compared to standard cultivation. Tkaczuk et al. [31], having examined the occurrence of EPF in soils cultivated under a conven-

was a species that was most tolerant towards agricultural practices such as varied fertilisation,
ploughing or the application of chemical plant protection products or heavy metals. The factors which
significantly determine the occurrence and diversity
of EPF in cultivable soils are the type of applied
fertilisation and the doses of introduced fertilisers
[3, 28, 33]. Zimmerman and Wolf [34] concluded
that EPF were naturally characterised by relatively
high resistance to heavy metals, or that they produced mutations able to tolerate high contents of
these metals.
The isolation of insect-pathogenic fungi onto
the selective medium confirmed the clear dominance of the fungus  s.l. on all fertilisation experiment plots, during both parts of the
study (Table 2). Most CFUs formed by this fungus
were found during the autumn part of the experiment, in the soil from the plot on which the
NPK+Zn+Cu (6.7 x 103 g-1) fertilisation had been
applied, while in the spring, on the plot fertilised
with mineral fertilisers with the addition of copper
salt 6.3 x 103 CFU in one gram of the soil. The
lowest density of infectious units, irrespective of the
time of the study, was determined in the soil on
which mineral fertilisation with the addition of zinc
salts had been applied: 3.7 x 103 and 2.4 x 103 CFU,
respectively. During both parts of the study, in soil
samples collected from control plots, a relatively
high density of CFU of  s.l., (5.7 x 103
and 5.8 x 103 CFU) was found. Tkaczuk et al. [10]
examined soils originating from fields under cultivation in eastern Poland and noted the clear dominance of the fungi   and  
. In the author's own study, the fungus  
 was also isolated using the selective medium
method during the spring part of the study. The
presence of this fungus was only noted on the plot
on which mineral fertilisation (NPK) had been
applied.
During the spring part of the study, the occurrence of the fungus   was only noted
in the soil from one fertilisation experiment plot,
i.e. the plot fertilised with mineral fertilisers (NPK)
and the percentage of infected larvae of 
 was 8%, respectively (Table 1). According to Meyling and Eilenberg [35], the fungus 
 is a species that is relatively rarely
isolated from cultivable soils in Denmark. During
the autumn part of the study, the presence of larvae
infected by fungus  was found in soil
samples collected from three fertilisation experiment plots: the control, the one fertilised only with
mineral fertilisers (NPK) and the NPK+Zn. This
infection rate was at a very low rate, ranging from
2% to 10%. Studies carried out by Jaworska et al.
[36] and by Tkaczuk [13] under laboratory conditions indicate that the application of zinc ions for
the tested strains of fungus   (=
) added at the highest concentra-
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while the lowest density was found on the plot on
tional system, concluded that fungus  
which mineral fertilisation with the addition of zinc
formed significantly fewer infectious units than 
salts had been applied, both in the spring and in the
 and . Townsend et al. [42]
autumn (on average, 3.9 and 2.6 x 103 g-1) (Figure
reported that the survivability of  in the
2). According to Tkaczuk et al. [44] and Jaworska
soil is positively affected by fertilisation with phosand Gorczyca [45] a high concentration of zinc and
phorus, magnesium and sulphur in the form of sucopper ions in Poland’s soils has an inhibitory efperphosphates. Gorczyca [43] demonstrated that the
fect on the growth of colonies and results in a regrowth of the fungus   was determined
duction in the pathogenicity of  , 
by the pH values of the applied fertilisers.
 and    . A wide spectrum of
In the soil collected in the spring from the plot
potentially toxic interactions between metals and
fertilised with mineral fertilisers with the addition
fungi in almost every aspect of their metabolism,
of zinc salts, the occurrence of fungus 
growth, germination and differentiation may
spwas also found.
change, depending on the fungal species, metal
In the total occurrence of all species of EPF in
concentration, and physico-chemical factors (e. g.
soil samples collected from fertilisation experiment
pH, Eh, organic matter, clay content) and biological
plots, the highest density of colony-forming units of
(e. g. biosorption and boaccumulation factors [16,
insect-pathogenic fungi was found in the autumn on
46, 47].
the plot fertilised with NPK mineral fertilisers with
the addition of zinc and copper salts (6.7 x 103 g-1),

" 
".+*+48/9>5,)5254>,573/4-:4/985,+495356'9.5-+4/),:4-/#= - /485/28)522+)9+*,753
/4*/;/*:'2,+79/2/8'9/545(0+)98
Fungal species

Year 2015
spring
a
0,6
5,7
-

c
3,7
0,2

d
6,3
0,2
-

e
0,5
5,0
-

autumn
a
0,2
5,8
0,1
-

b
 s.l.
! s.l.
3,2
!  

sp.
LSD0,05:
Factor A
n.s.
Factor B
0,625
Factor C
0,625
* – explanations as Table 1; A – date of sampling soil ; B – variant of fertilisation; C – fungal species

c
0,2
2,4
-

d
4,7
-

e
6,7
-



  

b
0,1
4,3
0,1
-

#  
".+*+48/9>5,)5254>,573/4-:4/985,+495356'9.5-+4/),:4-/#=
/4*/;/*:'2,+79/2/8'9/545(0+)98
* – explanations as Table; CFU – colony forming-units
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during the autumn part of the study in the soil of the
plot on which mineral fertilisation with the addition
of copper and zinc salts (NPK+Zn+Cu) had been
applied, with only one fungi species, i.e.  
 s.l. occurring there, while the lowest density was found on the plot fertilised with NPK+Zn.
4. A statistical analysis demonstrated that the
variant of applied fertilisation had a significant
effect on the density of infectious colony-forming
units (CFUs) of particular entomopathogenic fungus species. However, no statistically significant
effect of the soil sample collection time was found.

The mobility of metals in soil is dependent of
their speciation, which is controlled by hydrochemical variables (pH, redox potential, presence of
complexing inorganic and organic an-ions, ionic
strength) as well as by their interactions with solid
surface [48].
On the plot on which no fertilisation was applied (control object), during both parts of the
study, the densities of infectious units of EPF were
similar to each other and amounted to 6.3 and 6.1 x
103 g-1, respectively. Tkaczuk et al. [31], having
examined soils originating from organic cultivation,
observed that entomopathogenic fungi form, on
average, more CFU in soils cultivated under that
system than they do in soils intensively fertilised
with mineral fertilisers. The studies of Rosin et al.
[2], Tkaczuk [3], Tkaczuk et al. [9,10], Majchrowska-Safaryan et al. [28], Tkaczuk et al. [31], Townsend et al. [42], Gorczyca [46] and Lingg and Donaldson [49] all indicated that the infectious potential
of EPF in soils under intensive agricultural cultivation is restricted by the application of high doses of
mineral fertilisers, pesticides and by soil contamination with heavy metals.
A statistical analysis demonstrated that the
variant of applied fertilisation had a significant
effect on the density of infectious colony forming
units (CFUs) of particular entomopathogenic fungus species. However, no statistically significant
effect of the time of collection of soil samples was
found (Table 2). This was confirmed by Jaworska et
al. [33] who concluded that the occurrence and
diversity of EPF in cultivable soils was determined
by the type of applied fertilisation as well as the
doses of introduced fertilisers.
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This study investigated the effects of Arbuscular Mycorrhizal Fungi (AMF) and whey on the
growth of potato ( ! !! L.) and 
"   disease. Experiments were carried
out in a greenhouse with three different AMF applications (! , commercial AMF,
mixed AMF), whey and "   AG-3.
The study findings indicated that application of
AMF and whey had positive effects on plant growth
and that AMF development was enhanced by whey
application. Growth components (plant height,
shoot fresh and dry weights, root fresh and dry
weights) increased significantly with AMF and
whey application when compared to control as well
as plants inoculated with  alone. AMF and
whey also significantly reduced the harmful effects
of the disease. These applications reduced the severity of   disease by between 40% and
%53. Mixed AMF combined with whey had the
best affinity in terms of both AMF colonization
(73%) and mycorrhizal dependency (30,3). Combinations of two treatments were more effective than
individual applications.

Rhizoctonia stem canker and black scurf [3, 4]. In
recent years, black scurf and stem canker disease
caused by "   has been observed in
almost every region of Turkey. Black scurf sclerotia
can be seen on the surface of tubers and can stay in
the soil as inoculum source for many years. [5].
Chemicals are ineffective against the disease and
cultural practices are not always efficient so control
or eradication of "   from infested
soil is difficult.
In recent years, biological control has become
the most effective method of combating many diseases. Biological control is based on the use of
naturally occurring antagonistic microorganisms [6]
including fungi, bacteria, viruses, nematodes and
protozoans to control fungal pathogens [7]. Various
antagonistic microorganisms have been shown to be
effective against "  disease in potato [8, 9,
10] and have been used alone and in combination
with other organic substrates for disease control.
Arbuscular mycorrhizal fungi (AMF) are antagonistic, obligate symbiotic microorganisms that form
associations with plant roots in a host-nonspecific
manner. AMF are beneficial soil and root fungi that
are important for plant nutrition, increase plant
tolerance, affect rhizosphere microbial communities
and have been recommended as possible biocontrol
agents [11]. Studies have demonstrated !
 !   and  species to be good colonizers of potato plants [12, 13,
14]. Organic materials have been found to encourage plant development in recent years. Sample this
material, whey, could be useful for an alternative
agricultural application [11]. Whey may be defined
broadly as the serum or watery part of milk remaining after the separation of the curd that results from
the coagulation of milk by acid or proteolytic enzymes (rennet) [15]. Whey can rise quantity of soil
microorganism and encourages plant growth instead of fertilizer [16]. It is also inexpensive and
easy to supply for farmers. Therefore, this experiment researched the effects of AMF and whey on
the growth of potato ( ! !! L.) and
" disease.

&% !
Potato, " Kühn,Arbuscular Mycorrhizal
Fungi



" #"
Potato ( ! !!L.) is a substantial
crop across the world. In Turkey, a total of 130
thousand hectares are devoted to potato cultivation,
producing an annual 4.2 million tonnes [1]. Potato
crops are vulnerable to different pathogens that
cause a variety of diseases, the most common of
which are stem canker and black scurf disease. The
genus "  contains saprophytes and mycorrhizal on orchids as well as significant soilborne
plant pathogens [2], including "  
Kühn (teleomorph  !!! [A.B.
Frank] Donk), a fungus belonging to the anastomosis group AG-3 that is the causal agent of both
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2(49 3(9,70(2  Study was conducted using
the Marfona which is the most widely grown potato
cultivar in the region and which is known to be
susceptible to 

(9/5.,4 The  fungus which belong
to group AG-3 was originally isolated from potato
tubers with black scurf in Van, Turkey supplied by
Yuzuncu Yil University in 2011. 

 045*:2:3  Three different types of
AMF inoculants were used in this study. 
1. Endo Roots Soluble (Bioglobal). A commercially available AMF containing a mixture of
endomycorrhizae, including !  !
  !  ! 
!   ! !     
and  .
2. .
3. A mixture of species from the genera
Glomus (     ! !  
! ! and  ) and Gigaspora (
 .
The   and AMF species mixture
was included in soil and sand mix (1/1, v/v) and
maize was used as a host. The commercial mixture
was provided by the manufacturer.

%/,>  In this study sweet whey coagulated
with yeast was used. Whey contains dry matter
5.90%, fat 0.04%, protein 0.88%, ash 0.81%, lactose 4.15%, lactic acid 0.89%, pH 4.42. and was
analyzed according to [17, 18, 19]. 

(9/5.,40*09>9,8904. Potato tubers were surface sterilized by placing them in 2% formaldehyde
for 1 min. Then the tubers were washed with sterile
distilled water. The perlite and peat moss (1:1, v/v)
mixture (sterile) was filled in plastic pots and the
tubers were grown in pots in a greenhouse at 2224°C. Sterile wheat kernels were used as inoculum
[20].   were grown on PDA at 25°C for 7
days. Wheat kernels were inoculated with mycelium plugs from  and incubated at 25°C for
10 days [21]. Pots were filled with peat-based
growing substrate amended with an inoculum of
either commercial AMF,  or mixture of
AMF consisted of spores and mycelium, and placed
around the seedling (10 g, approximately 2.7 propagules/ g). Control pots were comprised of the same
amount of sterilized inoculum.
Five colonized wheat kernels were inoculated
to each seedling, along with control treatments.
Whey (W50) was applied in 50 ml/kg-1 of soil after
two weeks of seed planting [22, 23]. Sterile water
was used for controls. A nutrient solution (modified
from [24]) of 720 mg MgSO4.7H2O and 12.2 mg

KH2PO per 1 L of water was added 3 weeks after
planting.
Inoculated potato seedlings were grown in a
greenhouse for about 10 weeks at 22-24°C. Trials
were done twice with three replicate per treatment
using a randomized complete block design.
(7;,8904.  Ten weeks after sowing, plants
were harvested. Disease severity was assessed and
recorded using a 0-5 scale; 0 = healthy plant, 1=
stems with brown discoloration, 2= cankers covering ˂ 25% of the stem, 3= 25-75% coverage by
stem cankers, 4= > 75% stems covered by cankers,
5= dead plant [25]. Plant height, fresh weights of
shoot and root, dry weights of shoot and root (ovendried at 70ºC for 48 h) were also determined after
harvesting. Roots were stained with trypan blue for
detect AMF ratios and density of mycorrhizal colonization. The grid-line intersect method was used
for this study [26]. Percent root colonization was
calculated using the following formula [27]:

Relative mycorrhizal dependency (RMD) of
potato plants was expressed as follows [28, 29]:

tdw: total dry weight
was re-isolated from infected plants.
Data for growth parameters were analyzed using
statistical analysis appropriate for the randomized
experimental design, and Duncan’s Multiple Comparison Test was used to group means.
!#"!

2(49 .75<9/ (4+ +08,(8, 04*0+,4*,  Plant
height and shoot fresh and dry weights were negatively affected by   (Table 1) Inoculation
with AMF significantly increased plant height.
Inoculation with + AMF also significantly
increased plant height when compared to inoculation with   only. Plant height for the
AMF2+ Whey treatment group (30 cm) was almost
twice that of the control group (16.5 cm). 
 application also resulted in higher plant
height than in the control group. Root weights were
highest with whey application alone. Shoot fresh
weight was also higher in the AMF2+ Whey as
compared to control. Disease severity was significantly higher in the group treated with  
alone as compared to other groups.

>*577/0?(2 *52540?(9054 (4+ ,2(90;, 3>
*577/0?(2 +,6,4+,4*>  Mycorrhizal colonization
was lowest with the commercial AMF treatment,
increased with the AMF+ whey treatment, and was
highest with the mixed AMF+ whey treatment
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2(49
/,0./9
*3
16.5 c*
26.6 ab
23.4 b
17.3c
15 c
10.5 e
12 d
14.1 c
15.6 c
13 cd
28.6 a
30 a
16.4 c
13.4 cd
15 c
12.5 d

!/559
-7,8/
<,0./9.
17.5 b
11 d
9.8 d
17.2 b
16.7 b
10 d
18.8b
9.2 d
12.6 c
11.7 c
17.8 b
21.6 a
16.4 b
13.4c
18.7 b
19.2 b

!/559+7>
<,0./9 .

559-7,8/
<,0./9 .

1.3 c
1.1 cd
1.8 b
1.2 c
1.7 b
1 cd
1.8 b
1.9 b
1.3 c
1.2 c
2 ab
2.7 a
1.1 cd
1.3 c
1.8 b
2 ab

8.8 b
4.1 d
3.3 e
8b
12.4 a
8.4 b
7.2 b
5 cd
9.4 b
4.4 d
5.6 cd
4.3 d
4.4 d
7.8 c
9.7 b
12.1 a

559
+7>
<,0./9.
1b
0.6 c
0.4 d
0.9 b
1.3 a
1b
0.8 bc
0.8 bc
1.1 b
0.4 d
0.8 bc
0.6 c
0.5 c
0.7 c
1b
1b

>*577/0?(2
*52540?(9054

42.9 d
43.5 d
37 e
53 c
55.7 c
47.3 cd
55.7 c
73 a
65.5 b
53.4 c
60.6 b
52.5 c

08,(8,
04*0+,4*,

62.7
53.2
47.2
49.1
45.8
44.3
40.6
42.6

*Measurements represent the mean of 15 observations; differences in letters within a column represent significant differences
(P <0.05, Duncan’s multiple range test).

#  
,2(90;,3>*577/0?(2+,6,4+,4*> 5-+0--,7,49*53)04(905485- 30=,+
 *533,7*0(2 </,>%(4+  8 


(Table 1). Growth components (plant height, fresh
and dry weights of shoot and root) were significantly higher with AMF+ whey treatments as compared
to control and treatments.
Relative mycorrhizal dependency (RMD) was
shown to vary among the treatments (Figure 1).
Rs+ Amf1, Rs+ Amf2, Amf1+ w, Amf2+ w, Rs+
Amf2+ W and Rs+ Amf3+ W had positive RMDs,
whereas Amf1, Amf2, Amf3, Rs+ Amf3, Amf3+ W
and Rs+ Amf3+ w had negative RMDs. The best
RMD was shown in the mixed AMF+ whey treatment.

!#!!
Because of "  is a soil borne fungus,
its control is very difficult. Use of biological control agent or organic substrates are an attractive
approach to combat the disease. In the present
study, AMF and whey was used to potato plants
inoculated with   In general, the application of AMF alone increased plant height, but decreased shoot and root fresh and dry weights. In this
study it was observed that disease severity decreased with a combined inoculation of AMF, whey
and   indicates that mycorrhiza and whey
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are compatible and can be used together to inhibit
disease caused by  . In a study examining
AMF to   [30] demonstrated that inoculation with AMF significantly increased shoot fresh
and root dry weight while reducing disease severity
in potato. [31] also demonstrated that VA mycorrhiza reduced the disease caused by Rhizoctonia
and increased plant growth and crop yield. [32]
reported that G.   and   were
able to rapidly colonize roots of potatoes, decreasing root infection by 43% and 40%, respectively,
and increasing plant dry weights. [33] studied
growth and development of potato plants with 
  and  . The present study
also demonstrated AMF to be capable of increasing
potato growth and development parameters and
thus production output. [34], in both greenhouse
and field trials, found AMF was able to reduce soilborne diseases in potato at rates varying between
17%- 28%. At another study, it has been reported
that, at the field trials, yields and tuber size of the
potatoes on which commercial ! 
was applied was more than chemical fertilizer application [35].
The application of whey and AMF was found
to have a positive effect on plant growth. Moreover,
AMF development was positively affected by whey
application. AMF+whey treatments also reduced
the destructive effects of   disease. Mixed
AMF and whey had the best affinity in terms of
both mycorrhizal dependency and AMF colonization. Whey is comprised of proteins, N, P, K, S, Ca,
Na, Mg, and lactose, which are important for microbiological growth. The rich nutrient composition
of whey may be responsible for the observed
growth in both AMF and potato plants through the
nutrient uptake of AMF and/ or the host plant [11,
23].


#!

For these reasons the application of the amendments in combination should be encouraged in
potato growing areas. Besides, field experiments
should be done to better understand diseases, especially difficult-to-control pathogens such as 
.
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slow procedure, but its impacts are long lasting and,
most often, practically irreversible in the time scale
of man's life. On the other side the effect of organic
matter (OM) on soil biological and physical fertility
is well known. OM affects crop growth and yield either directly by supplying nutrients or indirectly by
modifying soil physical properties, such as stability
of aggregates and porosity, that can improve the root
environment and stimulate plant growth [2]. 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
OM content of soil. Nevertheless, it is fundamental
to control and limit the environmental impact of
these practices since they can result in organic or inorganic contamination of natural resources. Among
the pollutants, heavy metals have been critically examined since they can be toxic to humans, animals
and plants [3]. Treated Sewage Sludge (TSS) is an
ultimate product of municipal wastewater treatment
plant and highly enriched in OM. It may be deposited
in landfills, under the soil surface, or (to a certain extent) in the air as a consequence of incineration. In
addition, TSS can be recycled in various ways, including its use as fertilizer, as a soil conditioner in
farmland, in forests and in home gardens [4]. The
long-term land application of TSS and compost from
waste materials may be limited by accumulation of
harmful heavy metals and pathogens in soil. To eliminate the pathogens, sewage sludge may be taken
into thermal drying process or the pH of the sludge
can be increased above 11 by the addition of lime
[5]. 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. The
positive effect of sewage sludge on soil properties
has been evidenced in numerous papers by researchers [6, 7, 8, 9, 10, 11, 12]. Municipal sewage sludge
is also a source of micronutrients. 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 [8, 13, 14]. The purpose of this work was to
evaluate the effect of successive two years municipal
TSS applications on the concentration of total and
available forms of Cu, Cd, Cr, Ni, Pb and Zn in a

The objective of this study is to determine effect of successive two years treated sewage sludge
(TSS) applications on total and available heavy
metal concentrations in a sandy loam soil. The experiment was conducted in the experimental fields of
Ege Agricultural Research Institute during 20112012 in Menemen-İzmir. Study area is in the Western Anatolia region of Turkey (38°56′87.96″38°56′91.02″N; 27°03′57.52″-27°03′58.61″E). The
field study was conducted in 20 plots 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. The plots dimensions were
3 m x 3 m. Corn ( ) was planted as the first
crop. On the other hand, wheat (      )
was planted as the second crop. During the experiment, soil samples were taken five times in two
years. Increasing TSS applications to this soil resulted in significantly increased concentrations of total Zn in soil as average of 5 sampling periods. However, concentrations of total Cu, Cd, Cr, Ni and Pb
in soil did not significantly change. Total heavy
metal concentrations in soil were found under
threshold values for all sampling periods in this
study. Increasing treated sewage sludge applications
were significantly increased plant available (diethylenetriaminepentaacetate-DTPA-extractable)
Cu,
Cr, Ni and Zn concentrations in soil as average of 5
sampling periods when compared with control.
However, available Cd and Pb concentrations in soil
did not change significantly.
'&!"
Available heavy metals, Total heavy metals, Treated sewage sludge, Temporal variations, Sandy loam soil

#!$#
In terrestrial ecosystems, the soil is a very important ecological crossroad where many kinds of interactions take place between solids, liquids, gases,
and the biota [1]. Soil degradation, the result of human practices and/or natural processes, is a rather
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sandy loam soil during five different periods in two
years.

four repetitions, during 2011-2012. The plot dimensions were 3 x 3 m. The TSS used in the 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 only
once during experiment to the 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 8, 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 plots at the same time and mixed with soil to
15 cm depth by rotary tiller. Control parcels were not
treated. Corn seeds ( L. var. ZP 737) were
sown with seeding machine on rows 18 cm and in
rows 70 cm apart. Drop irrigation was provided
when required. Harvest of corn was done by hands
on December 15, 2011. Wheat seeds (    
 L. var. Ege 88) were sown with seeding machine
on December 22, 2011 to 5 cm of soil depth as second crop. Also 80 kg N and 80 kg P2O5 ha-1 (400 kg
ha-120.20.0. composed fertilizer) were applied to the
only mineral fertilizer plots 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 same rates on
July 18, 2012. Also mineral fertilizer were applied to
the only mineral fertilizer plots at the same rate and
time and mixed with soil to 15 cm depth by rotary
tiller before corn seeding. Corn seeds were planted
with seeding machine on July 18, 2012. Harvest of
second year’s corn was done by hands on November
23, 2012.

#!"#"

>7-814-5:)3 91:- The experiment was conducted at the research field of Aegean Agricultural
Research Institute in Menemen plain, Izmir, Turkey
(38°56′87.96″-38°56′91.02″N;
27°03′57.52″27°03′58.61″E). 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
[15]. 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 loam texture with slightly alkaline reaction
and classified as a Typic Xerofluvent [16]. 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.
# 
"64-9-3-+:-,7867-8:1-9)5,:6:)30-)<?4-:)3
+65+-5:8):16596.->7-814-5:)39613
Sand

(%)

57.84

pH

Silt
Clay

(%)
(%)

Pb
Cu

(%)
(%)

29.44
12.72
Sandy
loam
0.096
4.52

Cd
Cr

(%)

2.73

Ni

Texture
Salt
CaCO3
Org.
matter

Zn

(Saturation
paste)
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

7.50
11.68
57.38
52.82
0.64
36.71

"6139)47315/)5,)5)3?9-9During 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 3, 2011-3 weeks after sowing of corn; 2nd,
December 15, 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 23, 2012- after corn harvest of second year).
The samples were air-dried and sieved using 2-mm
sieve. The macronutrients (N, P, K, Ca, Mg and Na)
and heavy metal (Fe, Cu, Mn, Zn, Cd, Cr, Ni and Pb)
concentrations of soil were determined. Particle size
distribution of experimental soil was determined by
the Bouyoucos hydrometer method [17]. Total salt,
OM concentration, CaCO3, pH, total N, P, K, Ca,
Mg, Na, Fe, Cu, Mn, Zn, Cd, Cr, Ni and Pb concentrations of soil samples and TSS were all determined
according to Page et al. [18]. Available P in soil was

36.04

# 
"64-9-3-+:-,7867-8:1-9)5,:6:)30-)<?4-:)3
+65+-5:8):16596.:8-):-,9-=)/-93;,/-;9-,15
:0-->7-814-5:
EC
CaCO3
Org.
matter
Org. C
N1
P1
K1
Ca1
Mg1
Na1
1

dS/m
(%)

16,35
10,24

Fe1
Cu1

(%)

70,32

Zn1

(%)
(%)
(%)
(%)
(%)
(%)
(%)

40,79
5,33
1,33
0,68
3,74
0,68
0,59

Mn1
B1
Co1
Cd1
Cr1
Ni1
Pb1

%
mg/kg
mg/kg

1,14
268,8

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

298,6
035,2
014,2
004,1
250,6
115,4
199,4

1335

Total


1-3, ->7-814-5: The field study was conducted in 20 plots in a randomized-block design with
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# 
..-+:6.9;++-991<-:=6?-)89:8-):-,9-=)/-93;,/-#"")7731+):165965:6:)3;,81 *)5,(5
4/2/+65+-5:8):16596.9)5,?36)49613
#6:)3; Tukey: ns
<-8)/-
7731+):1659
6.

7-816,9
Control
68,33 a1
61,64 a
Fertilizer
71,92 a
72,76 a
72,14 a
75,62 a
12.5 t.ha-1TSS
25.0 t.ha-1TSS
72,16 a
71,29 a
37.5 t.ha-1TSS
73,48 a
72,32 a

#6:)3, Tukey:P≤ 0,01; P≤ 0,05
<-8)/-
7731+):1659
6.

7-816,9
Control
0.59 a1
0.60 a
Fertilizer
0.52 a
0.56 a
12.5 t.ha-1TSS
0.55 a
0.60 a
0.52 a
0.57 a
25.0 t.ha-1TSS
37.5 t.ha-1TSS
0.61 a
0.66 a

#6:)38 Tukey:P≤ 0,01
<-8)/-6.
7731+):1659
7-816,9
Control
37.60 a1
Fertilizer
38.63 a
12.5 t.ha-1TSS
38.93 a
25.0 t.ha-1TSS
39.37 a
37.5 t.ha-1TSS
39.73 a
#6:)31 Tukey:P≤ 0,01
<-8
7731+):1659 )/-6.
7-816,9
Control
44.72 a1
Fertilizer
43.75 a
12.5 t.ha-1TSS
44.80 a
25.0 t.ha-1TSS
44.38 a
37.5 t.ha-1TSS
44.64 a
#6:)3 * Tukey:P≤ 0,01
<-8)/-
7731+):1659
6.
7-816,9
Control
12.60 a1
Fertilizer
12.50 a
12.5 t.ha-1TSS
12.86 a
25.0 t.ha-1TSS
12.71 a
37.5 t.ha-1TSS
13.48 a

"6139)47315/7-816,9

A2
A
A
A
A

69,74 a
65,86 a
66,03 a
73,33 a
75,91 a

A
A
A
A
A



70,30 a
77,53 a
73,06 a
68,48 a
76,68 a

A
A
A
A
A



73,24 a
75,58 a
72,52 a
77,80 a
75,02 a

A
A
A
A
A

66,74 a
67,86 a
73,49 a
69,93 a
67,46 a

A
A
A
A
A

"6139)47315/7-816,9

AB2
AB
AB
A
AB



0.51 a
0.29 b
0.30 b
0.33 ab
0.47 ab
*



B
C
C
B
B



0.81 a
0.71 a
0.74 a
0.70 a
0.75 a

A
A
A
A
A



0.39 a
0.42 a
0.43 a
0.33 a
0.50 a

B
BC
BC
B
B

0.61 a
0.61 a
0.66 a
0.65 a
0.65 a

AB
AB
AB
A
AB

**
**
**
**
**

A
A
A
A
A


39.14 a
38.43 a
39.55 a
40.85 a
41.52 a

A
A
A
A
A

**
**
**
**
**

AB
AB
B
AB
B

**
**
**
**
**

"6139)47315/7-816,9


B
37.35 a
A 40.12 a
B
40.80 a
A 41.38 a
B
41.08 a
A 41.50 a
B
41.46 a
A 41.54 a
B
41.62 a
A 42.07 a


32.60 a
33.71 a
33.62 a
33.64 a
33.84 a

A2
A
A
A
A

38.81 a
38.86 a
38.90 a
39.37 a
39.62 a



"6139)47315/7-816,9



2

37.75 a
36.11 a
37.35 a
36.25 a
37.35 a

C
C
C
C
C



44.10 a
42.65 a
42.36 a
48.12 a
42.40 a

B
B
BC
B
BC



50.97 a
49.23 a
51.98 a
50.21 a
51.16 a

A
A
A
A
A

45.75 a
45.63 a
46.46 a
47.95 a
47.21 a


AB
AB
AB
AB
AB

45.01 a
45.13 a
45.83 a
44.36 a
45.07 a

"6139)47315/7-816,9

12.03 a
11.43 a
11.81 a
11.43 a
12.37 a


2

AB
AB
BC
AB
AB

9.65 a
9.00 a
8.90 a
9.21 a
11.12 a


B
B
C
B
B

13.71 a
14.37 a
15.03 a
14.37 a
14.43 a


A
A
A
A
A

13.31 a
13.43 a
13.75 a
14.21 a
14.84 a


A
A
AB
A
A

14.28 a A
14.25 a A
14.84 a AB
14.31 a A
14.62 a A

**
**
**
**
**

#6:)3(5 Tukey:P≤ 0,01; P≤ 0,05
"6139)47315/7-816,9
<-8)/-6.
7731+):1659
7-816,9





Control
53.25 b1
53.14 a AB2
44.35 b
B 58.40 a A
58.68 b
A 56.68 a
A
*
Fertilizer
56.58 ab
50.05 a BC 49.08 ab C 62.27 a AB 62.93 ab A 58.56 a ABC *
12.5 t.ha-1TSS
61.01 ab
57.56 a AB 49.37 ab B 6580 a A 65.96 ab A 66.34 a
A
**
25.0 t.ha-1TSS
59.55 ab
51.05 a
B
51.14 ab B 61.11 a AB 71.31 a
A 63.12 a AB
**
37.5 t.ha-1TSS
64.93 a
56.29 a
B
63.61 a AB 65.33 a AB 72.87 a
A 66.53 a AB
**
**
**
*
Significant differences between treatments at ** P≤ 0,01 or * P≤ 0,05 level indicated by different letters. 1Small letters in
column for applications. 2Capital letters in row for soil sampling periods.
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(diethylenetriaminepentaacetate-DTPA-extractable)
Cu, Cd, Cr, Ni, Pb and Zn (mg/kg) concentrations of
sandy loam soil were given on Table 4.
The average available Cd and Pb
concentrations of the soil samples taken at 5 different
periods in 2 years from the experimental soil did not
show statistically significant changes with
increasing doses of TSS applications and successive
two years TSS applications when compared with the
control. In other words, available Cd and Pb
concentrations of the experimental soil were not
increased by the application of treated sewage sludge
doses and successive two years TSS applications. On
the other hand, the average available Cu, Cr, Ni and
Zn concentrations of the soil samples taken at 5
different periods in 2 years from the experimental
soil showed statistically significant changes with
increasing doses of TSS applications and successive
two years TSS applications. In other words,
available Cu, Cr, Ni and Zn concentrations of the
experimental soil increased by the application of
TSS. Analogously to our study, Delibacak et al. [8]
found out an increase in the concentrations of soluble
Cu and Zn in soil caused by increasing doses of sewage sludge introduced to soil. In contrast, Pascual et
al. [14] showed depressed concentrations of available forms of Cu and Zn in soil under the influence of
a higher dose of sewage sludge (140 t.ha-1). Such discrepancies, reported by different authors, in the effect of sewage sludge on the content of Cu and Zn in
soil may be substantiated, for example, by different
concentrations of this metal in sewage sludge. Sienkiewicz and Czarnecka [27] reported that as the dose
of sewage sludge added to soil increased, so did the
content of soluble zinc in soil. The highest dose of
sewage sludge (280 t.ha-1) caused an over 36% increase in the concentration of this element in soil
compared to the control soil in their research.
Bozkurt and Cimrin [24] also found that extractable
Zn concentration of topsoil approximately increased
fifty five-fold with sewage sludge effect, whereas the
total Zn concentration did not increase as far as the
available one. In another study, available soil Cu, Zn,
Fe and Mn were increased by application of sewage
sludge, which contained considerable quantities of
these metals [28]. Also Soriano-Disla et al. [29]
found that the results obtained in the soil incubation
show a general pattern of slight increase in the concentrations of extractable with DTPA heavy metals
after sludge application. On the other hand, sorptive
properties of soil, and especially the content of organic matter, can affect the availability of heavy
metals in soil. It is remarkable the importance of texture for controlling heavy metal availability. It has
been demonstrated by several works the lower sorption capacity for heavy metals in sandy soils compared to loamy or clayey soils [30, 31, 32, 33]. 

determined by the Mo blue method in a NaHCO3 extract [19]. 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) [20]. Mn, Zn, Cu, Cd, Cr, Ni
and Pb were extracted using DTPA (diethylenetriaminepentaacetate) solution [21]. The concentrations of these elements in the extracts were determined by AAS [22].
":):19:1+)3)5)3?919Data were analyzed using
the Statistical Package for the Social Sciences
(SPSS) version 17. Tukey test was used to find if differences in the treatments were significant at P≤0.01
or P≤0.05 [23]


!"$#""$""
Effect of successive two years treated sewage
sludge applications on total Cu, Cd, Cr, Ni, Pb and
Zn (mg/kg) concentrations of sandy loam soil were
given on Table 3.
According to the results, the average total Cu,
Cd, Cr, Ni and Pb concentrations of the soil samples
taken at 5 different periods in 2 years from the
experimental soil did not show statistically
significant changes with increasing doses of treated
sewage sludge applications when compared with
control. In other words, total Cu, Cd, Cr, Ni and Pb
concentrations of the experimental soil were not
increased by the application of treated sewage sludge
doses. These insignificant increases in soil can be attributed to the low levels of these heavy metals in
TSS. On the other hand, the average total Zn
concentration of the soil samples taken at 5 different
periods in 2 years from the experimental soil showed
statistically significant changes with increasing
doses of treated sewage sludge applications when
compared with control. This increase was due to the
high amount of Zn contained in the sludge (1335
mg.kg-1 Zn) can be said. Despite these increases,
total Zn concentrations of experimental soil were
found under the threshold values in all sampling periods in this study. Bozkurt and Cimrin [24] found
out that the total Zn concentration for 0-30 cm soil
depth was increased from 44.4 mg.kg-1 to 71.6
mg.kg-1 with sewage sludge application in their experiment. But sewage sludge applications did not
significantly increase total Fe, Cu, Ni, Cd and Cr
concentrations in their experimental soil. LopezMosquera et al. [25] suggested that short or medium
term application of sludge did not lead to harmful
accumulation of heavy metals, but Selivanovskaya et
al. [26] stated that Cu, Cr, Pb, Cd, Ni and Zn concentrations in soil increased with sludge addition.
Effect of successive two years treated sewage
sludge
applications
on
available
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# 
..-+:6.9;++-991<-:=6?-)89:8-):-,9-=)/-93;,/-)7731+):165965)<)13)*3-# ->:8)+:)*3-;,
81 *)5,(54/2/+65+-5:8):16596.9)5,?36)49613
<)13)*3-; Tukey:P≤ 0,01; P≤ 0,05

7731+):1659
Control
Fertilizer
12.5 t.ha-1TSS
25.0 t.ha-1TSS
37.5 t.ha-1TSS

<-8
)/-6.
7-816,9
13.99 d1
14.24 cd
15.63 bc
16.63 ab
17.21 a

"6139)47315/7-816,9



2

13.76 c
14.22 bc
15.85 abc
16.86 ab
17.71 a
**

A
A
A
A
A



13.75 c
13.96 bc
15.15 abc
16.60 ab
17.60 a
**

A
A
A
A
A



14.26 b
14.40 ab
15.77 ab
16.11 ab
16.54 a
*

A
A
A
A
A



14.89 b
15.28 ab
16.15 ab
17.43 ab
17.65 a
**

A
A
A
A
A

13.48 bc
13.36 c
15.20 abc
16.16 ab
16.55 a
**

A
A
A
A
A


<)13)*3-, Tukey:P≤ 0,01; P≤ 0,05

7731+):1659
Control
Fertilizer
12.5 t.ha-1TSS
25.0 t.ha-1TSS
37.5 t.ha-1TSS

<-8
)/-6.

7-816,9
1
0,066 a 0,075 a
0,068 a 0,073 a
0,066 a 0,072 a
0,065 a 0,081 a
0,077 a 0,092 a

"6139)47315/7-816,9

2

AB
AB
AB
AB
A



0,086 a
0,091 a
0,082 a
0,086 a
0,092 a

A
A
A
A
A



0,081 a
0,073 a
0,078 a
0,073 a
0,086 a

A
AB
AB
AB
AB



0,037 a B 0,053 a
0,050 a B 0,054 a
0,043 a B 0,053 a
0,045 a AB 0,041 a
0,063 a AB 0,055 a

AB
B
AB
B
B

**
*
*
**
*


<)13)*3-8 Tukey:P≤ 0,01; P≤ 0,05

7731+):1659
Control
Fertilizer
12.5 t.ha-1TSS
25.0 t.ha-1TSS
37.5 t.ha-1TSS

<-8
)/-6.
7-816,9
0.696 c1
0.75 bc
0.80 abc
0.92 ab
0.97 a
**

"6139)47315/7-816,9



2

0.72 a
0.82 a
0.85 a
0.90 a
0.91 a

A
A
A
A
A



0.67 a
0.75 a
0.78 a
0.82 a
0.86 a

A
A
A
A
A



0.80 ab
0.74 ab
0.67 b
0.91 ab
1.02 a
*

A
A
A
A
A



0.66 c
0.75 bc
0.90 abc
1.09 ab
1.12 a
**

A
A
A
A
A

0.62 b
0.67 ab
0.79 ab
0.88 ab
0.94 a
*

A
A
A
A
A

<)13)*3-1 Tukey:P≤ 0,01; P≤ 0,05

7731+):1659
Control
Fertilizer
12.5 t.ha-1TSS
25.0 t.ha-1TSS
37.5 t.ha-1TSS

<-8
)/-6.
7-816,9
0,766 c1
0,787 bc
0,944 ab
0,972 a
1,103 a
**

"6139)47315/7-816,9

0,885 b
0,905 b
0,981 ab
1,006 ab
1,156 a
*


2

B
B
B
B
B

1,357 b
1,238 b
1,674 a
1,819 a
1,871 a
**


A
A
A
A
A

0,551 a
0,635 a
0,653 a
0,583 a
0,734 a


C
BC
C
C
C

0,558 b
0,634 b
0,765 ab
0,801 ab
0,980 a
**


C
0,482 b C
BC 0,524 ab C
BC 0,647 ab C
BC 0,652 ab C
BC 0,775 a
**

**
**
**
**
**


<)13)*3- * Tukey:P≤ 0,01

7731+):1659
Control
Fertilizer
12.5 t.ha-1TSS
25.0 t.ha-1TSS
37.5 t.ha-1TSS

<-8
)/-6.
7-816,9
0,716 a1
0,724 a
0,746 a
0,742 a
0,825 a

"6139)47315/7-816,9

0,574 a
0,598 a
0,539 a
0,690a
0,726 a


B2
B
B
BC
B

1,125 a
1,241 a
1,205 a
1,223 a
1,346 a


A
A
A
A
A

1,035 a
1,015 a
1,115 a
0,995 a
1,135 a


A
A
A
AB
A



0,525 a B 0,321 a
0,455 a B 0,309 a
0,495 a B 0,378 a
0,435 a CD 0,366 a
0,605 a BC 0,312 a

B
B
B
D
C

**
**
**
**
**

Significant differences between treatments at ** P≤ 0,01 or * P≤ 0,05 level indicated by different letters. 1Small letters in
column for applications. 2Capital letters in row for soil sampling periods.
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# 65:15;-,
..-+:6.9;++-991<-:=6?-)89:8-):-,9-=)/-93;,/-)7731+):165965)<)13)*3-# ->:8)+:)*3-;,
81 *)5,(54/2/+65+-5:8):16596.9)5,?36)49613
<)13)*3-(5 Tukey:P≤ 0,01
<-8)/-
"6139)47315/7-816,9
7731+):1659
6.





7-816,9
Control
3,428 c1
5,036 c
A2
4,350 c AB 3,253 a BC 2,714 c CD 1,789 b
D
**
Fertilizer
3,418 c
4,699 c
A
4,362 c AB 3,168 a BC 2,991 bc CD 1,874 b
D
**
5,683 bc
A
5,657 b
A 3,642 a B 3,997 ab
B
2,997 ab B
**
12.5 t.ha-1TSS 4,395 b
25.0 t.ha-1TSS 4,990 ab
6,571 b
A
7,344 a
A 3,452 a B
4,296 a
B
3,287 a
B
**
37.5 t.ha-1TSS 5,658 a
7,988 a
A
7,742 a
A 3,874 a B
4,774 a
B
3,914 a
B
**
**
**
**
**
**
Significant differences between treatments at ** P≤ 0,01 or * P≤ 0,05 level indicated by different letters. 1Small letters in
column for applications. 2Capital letters in row for soil sampling periods.
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The aim of this study is to investigate the effect
of cardamonin on mRNA expression of apoptosisrelated genes and proliferation after treatment of
ovarian epithelial cells, SKOV-3. Real time cellular
assay and acridine orange/propidium iodide staining
were used to determine cell proliferation rate and viability in the presence and absence of cardamonin,
respectively. The apoptosis and necrosis were quantified by annexin V/ propidium iodide uptake. In addition, the mRNA expression levels in cells containing 25-75 μM cardamonin were determined using
RT-PCR. The results indicated that the pre-treatment
of cells with 25‒150 μM cardamonin attenuated the
cell proliferation rate and cell viability significantly
in a dose-dependent manner. The early apoptotic cell
number was increased significantly (p≤0, 01) by
treatment of 50 µM cardamonin as compared the untreated cells after 72 h incubation. The analyses of
mRNA expressions showed an increase in caspase-3
and Bax apoptotic genes after 25 μM cardamonin
treatment versus untreated cells. However, the
mRNA expression levels of Bcl-2, Bcl-xL, NF-κB
and cyclin D1 were attenuated by cardamonin in
cells. Taken together, cardamonin supressed the
cells proliferation in a dose dependent manner.
These effects could be explained by down regulation
of mRNA expression of NF-κB and cyclin D1. In
addition, cardamonin stimulated apoptosis by down
regulation of anti-apoptotic genes and upregulation
of caspase-3 and Bax in SKOV-3 cell line.



cancer get the usual treatment with platinum (carboplatin, cisplatin) and taxane [2]. In some cases,
treatment with platinum brings about development
of drug resistance and this situation is usually promoted by the changes of apoptosis pathway [3]. The
existence of such problem in the treatment of ovarian
cancer cells requires the new therapeutic agents. So
far, two major signal pathways, β-catenin [4] and
Nuclear Factor-κB (NF-κB) [5-6] have been identified as influenced by therapeutic compounds. 
β-catenin was originally identified as an E-cadherin binding protein on the surface of the epithelial
cells and it is also a transcriptional activator mediating canonical Wnt signal transduction. WNT1 oncogene induces the accumulation of β-catenin and
plakoglobin (γ-catenin) and increases the cellular adhesion [7-8]. Wnt/β-catenin signal pathway, together
with the role of β-catenin in cell adhesion and signal
transduction, may play a role in tumor formation by
upregulating or redistributing β-catenin [9]. There
are various plant-derived anti-cancer agents known
to block or regulate the Wnt/β-catenin signalling
pathway such as tetrandrine, quercetin, carnosol, and
cardamonin [10]. Cardamonin, a natural or synthetic
small compound, inhibits 65–70 % of β-catenin activity. Cardamonin blocks Wnt/ β-catenin signal
pathway and promotes proteasome dependent degradation of intracellular β-catenin [4]. Additionally, it
was found that cardamonin down-regulate mRNA
expression of the NFκBgene and induce apoptosis
in PC-3 cell line [11]. Recent studies revealed that
cardamonin is a promising anticancer agent for various types of cancer including glioblastoma [12] and
non-small cell lung cancer cells [13] by inducing
apoptosis. In addition, it was observed that cardamonin inhibited invasion and migration in highly
metastatic Lewis lung carcinoma [14]. However, the
possible apoptotic effects and mechanism of cardamonin on SKOV-3 cell line are still unclear.
In the present study, we investigate the antiproliferative and pro-apoptotic effects of cardamonin on SKOV-3 cells .

'% !
Cardamonin, apoptosis, ovarian cancer, RTCA, cell culture.
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Ovarian cancer has a high mortality rate due
mainly to the late diagnosis of the disease; only 25
% of patients are able to be diagnosed with ovarian
cancer at the stage 1 [1] The patients with ovarian
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5 µl PI and 5 µl of FITC Annexin-V. The samples
were incubated for 15 min in the dark at 250 C. The
cell solution was transferred into FACS tubes and
400 μl binding solution was added into each tube.
Early and late apoptotic cell number was determined
by flow cytometry using a FACSan (BD FACSAria,
USA). Q1: Necrotic cells (Annexin V-, PI+); Q2:
Late apoptotic cells (Annexin V+, PI+); Q3: Viable
cells (Annexin V-, PI-); Q4: Early apoptotic cells
(Annexin V+, PI-). The experiment was performed
three times independently.

"  )5)3?919 The mRNA expression of
various genes were measured by using Reverse transcriptase-polymerase chain reaction (RT- PCR) in
SKOV-3 cells treated with 25-75 μM cardamonin for
12 or 24 h.
     The
cells were treated with either medium alone (control)
or various concentrations of cardamonin and incubated for 12 or 24 h. Total RNA was isolated using
an RNeasy Plus Mini Kit (Qiagen, 74134) following
the manufacturer's instructions. Quantity and purity
of the total RNA detect using Nanodrop at wave
lengths A260/280 and A260/230 nm. Quality of RNA determined by agarose gel-electrophoresis. After RNA
isolation, the RNA was reverse transcribed to synthesize cDNA using cDNA synthesis RevertAid
First Strand cDNA Synthesis Kit (Thermo Scientific,
ABD). Prepared cDNA was stored -200 C for PCR.
   FAM labelled single assay
probe were designed by Roche, was used for target
genes and reference gene primer sequence (Gapdh
(used for reference gene): 101128, Bax: 142318,
Bcl-2: 100083, Bcl-xL: 100088, Caspase-3: 100213,
NF-κB: 100646, Cyclin D1: 100844, β-catenin:
101627). The single assay primer probes were selected from Universal Probe Library database.
     PCR was performed using
Fast Start Essential DNA Probes Master Kit (Roche
Cat No: 06402682001). 10 μl master mix, 1 μl primer probe mix, 7, 5 μl nuclease free water, and 1, 5
μl cDNA were added in each PCR tube. The tubes
were centrifuged and place into LightCycler Nano
instrument. After pre-incubation, 1 cycle at 95 0C for
10 min, cDNA was amplified. Amplification was
carried out 45 cycles. The amplification were consist
of denaturation, annealing and extension stages. Denaturation 95 0C for 10 s, annealing 60 0C for 30 s
and extension 72 0C for 10 s were occurred. The samples were analysed in triplicate. After real time PCR
stages, the relative expression ratio of target gene
were determine versus a reference gene. The data
were analysed using the LightCycler Relative Quantification Software Programme.

!:):19:1+)3)5)3?919The results of three independent Annexin-V/PI staining experiments were
analysed using the t-test to check if the apoptosis

" !"!

-33+;3:;8-The SKOV-3 human ovarian cancer cell line was cultured in DMEM (high glucose),
10 % Foetal Bovine Serum (FBS), 0.1 mM MEM
Non-Essential Amino Acids (NEAA), 2 mM L-glutamine and 1 % Pen-Strep at 37°C.
Cardamonin (CAS 19309-14-9) with purity of
98 % was dissolved in dimethyl sulfoxide (DMSO).
The other concentrations of cardamonin were prepared with cell culture medium.

-3378631.-8):165)99)?The rate of cell proliferation was estimated in the presence of cardamonin by using real time cellular analysis system
(RTCA; xCELLigence, Roche) and RTCA software
version 1.1. The system is used in gold electrodes at
the bottom of the plates and measures changes in
electrical impedance. The electrical impedance is expressed as cell index (CI) value which calculates the
number of the cells attached and spread on the bottom of the well. CI was calculated as follows: 
CI = (resistance measured at a time point ‒ resistance measured without the cell) / 15
Firstly, 16 well plates were added 100 µl medium. Background impedance of the well without
containing cell was then measured and RTCA was
finally optimised. 1×104 SKOV-3 cells were seeded
into the wells and incubated for 2 h. The cells were
cultured without cardamonin (control), with DMSO,
(DMSO control), and with 50 µM, 100 µM or 150
µM concentrations of cardamonin. The impedance
was monitored by using the RTCA in 15-min intervals for a period of 48 h.

-33<1)*131:?)5)3?919=1:0)+81,15-68)5/-
78671,1;416,1,-9:)1515/The rate of cell viability
was demonstrated by acridine orange (AO) / propidium iodide (PI) double staining. 1×105 SKOV-3 cells
were seeded into 24 well plates and then the cells
were incubated for 2 h. The cells were treated with
25 µM, 50 µM, 75 µM or 100 µM concentrations of
cardamonin for 48 or 72 h. After washing with PBS,
1:1 ratio 100 µl AO / PI dye mixture was transferred
to the wells and incubated for further 10 min. After
the second wash with PBS, the stains cells were examined by fluorescence microscopy. AO staining
emit green fluorescence in live nucleated cells, while
PI staining emit red fluorescence in dead nucleated
cells.

767:6:1++-33)5)3?919=1:0)55->15$786
71,1;416,1,-9:)1515/Apoptosis was estimated by
flow cytometry using FITC Annexin-V/PI apoptosis
detection kit (BD, 556570, ABD). 2 ×105 SKOV-3
cells were cultured in the flasks. After 2 h of incubation, the cells were exposed to 50 µM or 75 µM concentrations of cardamonin for 72 h. Treated cells
were collected, washed with cold PBS twice, resuspended in 100 µl of 1× binding buffer and then added
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cardamonin group (control cells) and the DMSO
presence control group showed about 5.5 and 4.3 cell
proliferation rate, respectively. However, in the presence of 50 µM, 100 µM or 150 µM cardamonin compounds, the cell proliferation rate was calculated
about 3.4, 3.4, and 2.1 at 48 h, respectively. The percentage rate of cell proliferation was also calculated
and the results showed that 50 µM and 100 µM cardamonin inhibited SKOV-3 cell proliferation is
about 38 %. On the other hand, increasing the concentration of cardamonin up to 150 µM also elevated
the inhibition of cell proliferation (60 %) compared
with a DMSO control group (Fig. 1B). The results
showed that the cell proliferation was inhibited by
treatment with cardamonin significantly in a dosedependent manner compared with DMSO control
group.

rates of control and experiment groups are statistically different. The results of RT-PCR were tested
by using ANOVA in Grahpad statistical program.
(**** P≤0.0001; *** P≤0.001; ** P≤0.01; * P ≤ 0.
05;  P≤ 0.10).


!#"!

"0--..-+:96.+)8,)4651565+-3378631.-8)
:165The effect of cardamonin on cell proliferation
was tested using the RTCA system. CI values were
obtained at 15-min intervals for a period of 48 h (Fig.
1A). After adding cells to 16 well plates, different
concentrations (50 µM, 100 µM or 150 µM) of cardamonin were transferred into each well. CI value
related to the cell proliferation rate was started to decrease after 30 h incubation. In the absence of the





#  
"0--..-+:6.+)8,)4651565:0-78631.-8):1656.!$ +-339



The cells were cultured without cardamonin (control), with DMSO (DMSO control) or with various concentrations of (50 µM,
100 µM or 150 µM) cardamonin for 48 h and analysed by RTCA. The results represented are the means of two wells (A). The
inhibition rate of cell proliferation after cardamonin treatment for 48 h (B). Left axis is the cell index at 48 h, right axis is the
percentage differences from DMSO control.
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"0--..-+:96.+)8,)4651565+-33<1)*131:?15!$ +-339:8-):-,=1:0+)8,)46515.68 068 0
In the absence of cardamonin (control group), in the presence of DMSO (DMSO group) and in the presence of 25 µM, 50 µM,
100 µM or 150 µM cardamonin (experimental group). The cells were examined under the fluorescence microscopy. Green
fluoresces: live nucleated cells; red fluoresces: dead nucleated cells. The experiment was repeated twice.

"0- -..-+:9 6. +)8,)46515 65 +-33 <1)*131:?
The cell viability analysis of SKOV-3 cells was performed by using AO / PI staining by fluorescence
microscopy in various cardamonin concentrations
(25‒150 µM) at 48 or 72 h (Fig. 2). Early-stage
apoptotic SKOV-3 cells were marked by green acridine-orange nuclear staining. Late apoptotic and necrotic cells were marked orange-red fluorescence
and red fluorescence at their periphery, respectively.
Our results showed viable and normal SKOV-3 cell
structure in absence of cardamonin. The double
staining revealed that cardamonin triggered morphological changes in SKOV-3 cells and also induced
cell death, especially the cells were treated with 100
μM cardamonin. The cell viability was decreased
both dose-dependent and time-dependent manner in
the presence of cardamonin.

31.8 % early-apoptosis, 9.7 % late-apoptosis, and 0.6
% necrosis in concentration of 50 µM cardamonin at
72 h. 75 µM cardamonin treated cells revealed 71.3
% cell viability, 14.4 % early-apoptosis, 11.7 % lateapoptosis and 2.5 % necrosis (Fig. 3A). Our findings
based on the 72 h experiment indicated that the optimum level of dose is 50 µM for early-apoptosis. The
difference of in early apoptosis ratio of 50 µM cardamonin treatment from the control groups was
found to be statistically significant (p≤0, 01) (Fig.
3B). The results revealed induction of apoptosis in
SKOV-3 cells after treatment with 50 µM cardamonin at 72 h incubation time. 
"0- 4  ->78-99165 6. 964- 786@ )5,
)5:1@)767:6:1+/-5-9 15 !$  +-339 =)9 15.3;
-5+-, *? +)8,)46515 :8-):4-5:The mRNA expression of various apoptotic genes in SKOV-3 cells
treated with different concentrations of cardamonin
were analysed by using RT-PCR (Fig. 4). 75 µM of
cardamonin treatment resulted in a decrease in
mRNA expression of β-catenin after 24 h incubation
time as compared to the control group (in the absence of cardamonin). However, the expression of
cyclin D1, plays role in proliferation, decreased in all
concentrations of cardamonin at 24 h. Cardamonin
also supressed the mRNA expression of NF-κB gene
in all cardamonin treated cell groups as compared to
control group (Fig. 4A). The mRNA expression of

"0--)83?)767:6:1+8):-6.!$ +-33915
:0- 78-9-5+- 6. +)8,)46515 The results showed
the live, necrotic, early‒ and late‒apoptotic SKOV3 cells after treatment of cardamonin by flow cytometry using Annexin-V/PI staining (Fig. 3). 93.6 %
cell viability, 1.8 % early-apoptosis, 4.2 % lateapoptosis and 0.4 % necrosis were observed in control cells at 72 h (Fig. 3A). Analysis of 50 µM and
75 µM cardamonin-treated cell lysates showed an increase in percentage of early-apoptotic cells after 72
h incubation. It was estimated 57.9 % cell viability,
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sion level of Bax and caspase-3 at a lower concentration and also at an early time point, suggesting that
cardamonin might be promising agent for inducing
apoptosis on SKOV-3 ovarian cancer cells through
mitochondrial apoptotic pathway.

some apoptotic genes were also investigated. Treatment of SKOV-3 cells with either 25 µM or 50 µM
cardamonin inhibited the expression of both antiapoptotic genes (Bcl-2 and Bcl-xL) on the level of
mRNA at 24 h incubation time. However, the expression of apoptotic enzyme, caspase-3, was activated on the level of mRNA in SKOV-3 cells with
treatment of concentration of 25 µM and 50 µM cardamonin. The results here indicated that the expression level of pro-apoptotic gene, Bax, associated
with mitochondrial apoptotic pathway was also increased by treatment of SKOV-3 cells with 75 µM
cardamonin for 24 h (Fig. 4A). Lower concentration
of cardamonin (25 µM) was also effective on mRNA
expression level of Bax at an early time point (12 h
incubation time) (p≤0, 05) (Fig. 4B). These results
indicated that cardamonin was enhanced the expres-

!#!!#!

We investigated, in this study, the impact of
cardamonin on proliferation and apoptosis of ovarian cancer cell line, SKOV-3. The anti-proliferative
effect of cardamonin was described in several of cancer types such as prostate cancer [11] and colon cancer [15] comprehensively. In this study, we observed
that 50 µM cardamonin reduced the proliferative rate




#  
;)5:1:):1<-,-:-+:1656.)767:691915!$ +-339:8-):-,=1:0+)8,)46515.68


0

The cells were transferred into medium which containing no cardamonin (control cells), 50 µM cardamonin or 75 µM cardamonin and then analysed by flow cytometry (). Lower right quadrant: early apoptosis; upper right quadrant: late apoptosis;
upper left quadrant: necrotic, lower left quadrant: live. Statistical analysis of the effect of cardamonin on early apoptosis ().
Statistical analysis was conducted for three independent Annexin-V/PI staining experiments. The differences in early apoptosis
between the cardamonin treated and the control group were tested by using t-test (****, P≤0, 0001, ***, P≤0,001, **, P≤0, 01;
*, P ≤ 0, 05; , P≤ 0, 10).
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After SKOV-3 cells were treated for 24 h with in the absence of cardamonin (control), in the presence of 25µM, 50 µM or 75
µM cardamonin (A) and 12h/25 µM cardamonin (B), the gene mRNA expression was measured by RT-PCR. The data presented are the means of three independent experiments. The differences in mRNA expression between the cardamonin treated
and the control group were tested by using ANOVA test (****, P≤0,0001, ***, P≤0,001, **, P≤0,001; *, P ≤ 0, 05; , P≤ 0,
10).

the LEF/TCF target genes including cyclin D1. The
aberrant activation of β-catenin mediated transactivation could help cancer progression by causing increased cell proliferation, and other processes in several types of cancer [18-19]. Wnt signal pathway is
activated and has significant roles in the tumorigenesis of ovarian cancer [20]. If there is no Wnt signals,
β-catenin is ubiquitinated and degraded by the ubiquitin-proteasome-dependent degradation pathway,
holding the levels of free β-catenin low. The levels
of free β-catenin in cell are controlled by a multiprotein complex consisting of glycogen synthase kinase-3 (GSK-3β), Axin, adenomatous polyposis coli
(APC), and casein kinase I (CKI). These proteins

of SKOV-3 cells significantly. Additionally, our
study showed that the treatment of cardamonin also
decreased the cell viability of SKOV-3 cells in a
dose-dependent manner. The cell viability was decreased and the percentage of apoptotic cell number
was increased after treatment of multiple myeloma
cells with cardamonin [16]. Localization of βcatenin in cytoskeletal and plasma membrane of normal epithelial cells are well known. In the cancer
cells, interaction of β-catenin and E-cadherin is usually corrupted and that might trigger the development of cancer [17].In the presence of Wnt signals,
β-catenin accumulates in the nucleus and interacts
with the lymphoid enhancer-binding factor/T cell
(LEF/TCF) transcription factors and transactivates
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suggests that low concentration of cardamonin induced the apoptosis in ovarian cancer cells. The
stimulation of mRNA expression levels of pro-apoptotic gene, Bax and proteolytic enzyme, caspase-3 by
cardamonin in these cells supported our results obtained by flow cytometry. In addition, the mRNA expression of anti-apoptotic genes, Bcl-2 and Bcl-xL
was declined in the presence of 50 μM cardamonin.
The similar outcome was obtained by Pascoal et al.
[11] suggesting that cardamonin induces apoptosis
and down regulates NF-κB gene in prostate cancer
. Moreover, Qin et al. [16] reported that NFκB signal pathway was inhibited by cardamonin in
multiple myeloma cells. These studies also demonstrated that cardamonin is a potent agent for inducing
cell apoptosis through the activation of caspase-3 enzyme. It is well known that NF-κB stimulates expression of inhibitors of apoptosis (IAPs) and some
anti-apoptotic Bcl-2 family that tackle pro apoptotic
genes such as Bcl-xL. IAPs inhibit apoptosis via
blocking effector genes such as caspases-3 [32].
In conclusion, the effects of cardamonin on cell
proliferation, viability and apoptosis were investigated in SKOV-3 cells in this study. The proliferation and viability of cells were decreased by treatment of cardamonin in a dose-dependent manner.
This is said to be due to down regulation of cyclin
D1 and NF-κB mRNA levels. According to Annexin
V/PI staining results, 50 μM cardamonin stimulated
the apoptosis of SKOV-3 cell significantly and this
result was supported by down regulation of antiapoptotic genes such as Bcl-2, Bcl-xL and up regulation of apoptotic genes such as caspase-3. Finally,
we reached the conclusion that cyclin D1 and NF-κB
might have important roles in inhibition of proliferation, viability and in induction of apoptosis in
SKOV-3 cells by cardamonin. On the other hand, it
is clear that further experiments are required for investigating the mechanisms of effects of cardamonin
in SKOV-3 cells.
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comprise the “destruction complex” and that complex phosphorylated β-catenin at its N-terminal residues (Ser 33/37) are immediately degraded via the
ubiquitin proteasome pathway to maintain low
steady-state levels of β-catenin in the cell [21].
Cytoplasmic β-catenin accumulation (or translocation to the nucleus) has been found to be a useful
predictor of many tumor types such as colorectal carcinoma [22], hepatocellular cancers [23], uterine
cancers [24], lung adenocarcinoma [25], and ovarian
tumors [26-28]. The earlier studies revealed that cardamonin inhibits cell proliferation by promoting βcatenin degradation in some cancer types. Park et al.
[15], for example, informed that cardamonin inhibits
cell proliferation by promoting β-catenin degradation independently from mRNA level in colon cancer. Cho et al. [4] explained that cardamonin stimulated degredation of intracellular levels of β-catenin
without effecting on its mRNA expression levels. In
our study, we observed an antiproliferative effect in
SKOV-3 cells treated with 50 µM cardamonin, even
though β-catenin mRNA expression did not change.
The results of RT-PCR studies showed that only high
concentration (75 µM) of cardamonin decreased the
mRNA expression levels of β-catenin gene in
SKOV-3 cells rather than lower concentrations.
It is known that cytoplasmic accumulation of βcatenin causes to translocation of β-catenin into nucleus. This activates the number of genes including
cyclin D1 [20].Cyclin D1 plays a role in G1 to S
phase during the cell cycle and involves in proliferation and invasion of tumor cells [29]. We observed
in this study that cyclin D1 gene expression was inhibited (P≤0,0001) by treatment of both low and
high cardamonin concentration in SKOV-3 cells.
The reason for is that β-catenin couldn't translocate
in to nucleus and activate cyclin D1 gene due to degradation of cytoplasmic β-catenin by cardamonin.
Park et al. [15] informed that cardamonin also inhibit
the TCF dependent gene expression such as cyclin
D1 and c-myc in colon cancer. There is a relation between the induction of cyclin D1 and NF-B activation [30]. Here, the down regulation of mRNA expression of NF-κB was also observed in SKOV-3
cells. As a result, the inhibition of SKOV-3 cells proliferation and viability might be related to down regulation of mRNA expression of cyclin D1 and NFκB genes and degradation of cytoplasmic β-catenin
in SKOV-3 cell treated with cardamonin.
In tumor initiation and progression, a novel discussion on the relation between the tumorigenic NFκB and β-catenin was also revealed. β-catenin is
known to stimulate or inhibit certain NF-κB dependent cytokines and chemokines controlling the tumor
microenvironment [31]. NF-κB pathway controls
expression of genes involved in multiple process
such as inflammation, survival, cell adhesion, and
apoptosis [32]. The treatment of SKOV-3 cells with
50 µM cardamonin increased the percentage of
apoptotic cells significantly (p≤ 0,01). This result
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same conclusions can be based on several different
datasets and also on several different sets of (uncertain) rules. However, we often do not know whether
our datasets are completely independent, or whether
they are partially dependent, or even perhaps one
piece of information or knowledge is a concealed
consequence of the other. Uncertainty means that
we do not have sufficient information to characterize the current state, to predict future conditions or
to define actions necessary to achieve certain conditions [2]. The concept of uncertainty is also rather
often used to describe little certainty about a particular natural phenomenon [3].
The concept of uncertainty is often discussed
in landscape ecology [4], especially in the frame of
ecotones [5]. Defined as tension zones between two
different ecological systems, ecotones have been at
the centre of ecological research over the past 30
years [6]. Ecotones as landscape structures are a
source of great imperfection [7] which can be used
to demonstrate uncertainty. Ecotones can be described as the edges or boundaries of individual
landscape pads that develop along the lines of contact and can, according to many authors (see below), form as belts of various widths and diversified composition and properties. The transient ecotonal communities are influenced by the edge effect
which brings fluctuations in light intensity, temperature, wind speed and humidity. These fluctuations have big influence on e.g. the phenology of
plants [8]. Ecotones have an important role in the
exchange of substances between adjacent communities. There is also a conflict and tension between
the adjacent communities, their competition, blending, or connections [9]. Marginal or fringe communities with transient characteristics form biotic
environment of ecotones [10]. Where there are no
interactions and linkages between the adjacent
surfaces, and thus the above-mentioned definition
of the ecotone is not met, we can talk about simple
edges or rims [11]. Ecotones represent transient,
edge or fringe communities that form components
and elements of the landscape or even the whole
landscape complex. Landscape heterogeneity, constituted by the arrangement of its landscape components, together with other properties such as mosaic

ABSTRACT
Spatial variability of ecotones has resulted in
problematic modelling, analysis and visualization
of these landscape forms. Their spatial variability
and fuzzy character cause uncertain and problematic handling in GIScience. Uncertainty of ecotones
in the landscape arises from many sources, including complexities inherent to the ecosystems and
their disturbance processes. Visualisation is a strong
tool for showing results that enables better presentation of data quality if compared to text description. On the other hand, unsophisticated visualisation can be insufficient due to the complexity of the
issue of spatial data quality. Based on this statement, it is necessary to visualise also the information about data quality and uncertainty. This
paper describes different perspectives of uncertainty
and spatial data quality visualisation in the context
of modelling the spatial distributions of ecotones.
The study is focused on visualization techniques for
visualizing ecotones including uncertainty. This
approach should contribute to better understanding,
assessment and potential spreading of visual information about spatial distribution of ecotones in the
landscape. Visualization of spatial uncertainty is
still a challenging topic for the cartographic community and many research questions remain unsolved.
KEYWORDS:
Spatial data quality, uncertainty, ecotones, visualisation

INTRODUCTION
Uncertainty in data is one of the most important problems in ecology [1]. The definition of
our knowledge about specific rules in the field of
ecology is also problematic [2]. Despite this "dual"
uncertainty, it makes sense to consider whether it is
possible to make conclusions with some degree of
certainty using the precarious information and uncertain knowledge of the rules.
The situation is more complicated because the
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analysis, and more. The last step of this concept is
the user's interpretation of the studied phenomenon
based on maps created by a cartographer. However,
the cartographic communication leads to considerable bias, which ultimately causes a certain difference between the FDUWRJUDSKHU¶V and the XVHUµV
image of the original real environment. One of the
factors that cause this difference may be inappropriate selection of data, which may not be representative. In addition, the cartographer may misinterpret the data and transmit inaccurate information
about the investigated phenomenon. Inaccuracies
may develop within the interpretations, which may
not be entirely complete or accurate. A final possible source of uncertainty in this scheme is the user
who may not understand the map. Development of
new technologies shifted the focus of cartographers
from the field of communication model of a map to
the concept of cartographic visualization. However,
these visualizations are currently almost exclusively
associated with the digital data representations.
From this perspective the whole process of map
making must be viewed with this in mind. To better
understand this process and to present the sources
of uncertainty, the model introduced by Haber and
McNabb [15] can be considered as a reference
model for the visualization of uncertainty. Fig. 1
shows this extended model in schematic form resembling a pipe. Measured data or data obtained by
simulations of measured data enter this model. The
first step is filtering, or the data reconstruction, with
the aim to model the data using interpolations or
approximations. The outputs of this part of the
model then enter the mapping phase, in which geometric data is generated using visualization algorithms. Using rendering, the resulting geometric
data is then redrawn into the final image displayed
on the output device. Rendering contains, depending on the software, many parameters and settings
that can affect the final appearance.

structure, porosity, contrast, granularity, diversity,
or the shape of its borders, is used for the evaluation of landscape structure [12] and, in our case, for
the portrayal of the uncertain nature of the phenomenon because the form of visualization is also one
of the causes of uncertainty in presented spatial
data. Ecotones are an ideal phenomenon for the
research focused on visualisation of spatial data
quality [13]. On the other hand, ecotones make the
visualisation of landscape patterns very difficult.
The aim of this paper is to visualize the uncertainty
in the landscape and to predict the accuracy of the
acquired land use categories within the study area
using analyses of ecotones. The most important
problem, however, is the cartographic presentation
of the uncertainty. The map itself can be affected
not only by incorrect visualization of the uncertainty, but also by incorrect visualization itself, cartographic method used, inappropriately selected colour etc.

STATE OF THE ART
Uncertainty in visualisation. One of the key
issues of information science is the relationship
between data, information and knowledge [14]. The
focus is on the question of how and when the "raw
data" becomes information and the information
becomes knowledge. When operating with information, it necessarily means that represented objects are processed in a certain relationship. In a
broader sense, every perceived relationship can be
regarded as information, when it is very likely that
this relationship can be presented in some way.
From this perspective a map can be regarded as a
graphic means used to present information (i.e.
visual presentation). It uncovers new connections
and new insights into the data. Visualization process traditionally involves several disciplines and
processes such as sorting, cataloguing, information

FIGURE 1
+DEHUDQG0F1DEE¶VPRGHOWKHUHODWLRQVKLSEHWZHHQWKHYLVXDOL]DWLRQRIXQFHUWDLQW\DQGWKHXQFHrtainty
of visualization; adjusted by [15, 16]
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TABLE 1
Individual components of data quality related to the study of ecotones in the Trkmanka catchment
Data quality
components
Positional accuracy
Temporal accuracy
Completeness

Definition
The difference between the observation and
reality.
the time span from creation through collection
/ processing application.
The extent to which the information is complex.

Consistency

The extent to which the individual components correspond.

Homogenity

Uniformity within the dataset

Lineage

The way in which the information is transmitted.

Resolution

Accuracy of measurement / estimation.

Subjectivity

The extent to which the result includes human
interpretation or decision, and the extent to
which the result reflects it.

Example of uncertainty within the case
study
Delimitation of ecotone with accuracy of ±
30 m.
The data are valid only at the time of aerial
image. acquisition.
The data set covers only the Trkmanka
catchment, ignores the vicinity.
The study of ecotones is based on data
from different periods and of different
quality.
Two different layers show a fundamental
contradiction in the position of a particular
land cover category.
The underlying data of uncertain origin
was used.
Visual photo-interpretation was carried out
at a scale 1: 5000, aerial images were of
different spatial resolution.
Vectorization was performed by several
persons.

the variability of the observed phenomenon, the
measuring instrument accuracy and the possible
(bad) influence of the observer. Completeness is
another important element of geodata quality. It
describes the relationships between the objects
represented in GIS and the universe of all these
objects. Logical consistency deals with fidelity of
the relationships encoded in the data structure of
digital geographic data. Semantic precision relates
to the meaning of things in reality and, therefore,
applies to the importance of geographic objects and
not to their geometric representation. Time information describes the date of observation, the type
of update and the time interval for which the geodata records are valid.

Study area. The catchment of the Trkmanka
river was selected for the study of ecotones. The
Trkmanka is a left tributary of the river Thaya. The
Trkmanka catchment lies in Moravia (the Czech
Republic) in the south-HDVWHUQ GLVWULFWV RI %ĜHFODY
+RGRQtQDQG9\ãNRY7KHFDWFKPHQWLVRIDQHORngated shape and its area is approximately 380 km2.
The case study was performed using a land use
layer acquired by visual interpretation of aerial
images taken in 2008. The main part of the area is
covered by agricultural landscape. Arable land,
vineyards and orchards are very important. One
fifth of the territory (approximately 6924 hectares)
is covered by forests that are mainly concentrated in
the central and northern parts of the basin. Permanent grassland occupies only 1.336 hectares
(3.53%) and its distribution is greatly fragmentary.
It is scattered throughout the territory, with greater
incidence in close proximity to forests (e.g. north of
WKHYLOODJHRIädánice). Based on this description, it
is clear that the area is very heterogeneous [17].
The complicated an uncertain ecotonal geodata that
was used can be described by the elements of spatial data quality (Table 1). The lineage includes the
description of the source material from which the
data was derived and the methods used for their
derivation. This information is very important because it affects all other elements of geodata quality. Positional accuracy includes determination accuracy parameters regarding the horizontal and vertical positions of geoelements in a dataset. This accuracy in determining the geographic location depends on surveying experience, the method used
(e.g. photogrammetry, GPS) and the choice of cartographic projection. Attribute accuracy depends on

METHODOLOGY
Calculation of spatial entropy as an indicator
of uncertainty was used to visualize ecotones. Entropy is the average level of information to eliminate uncertainty, which is given by a finite number
of mutually exclusive events [18]. The founder of
the concept of entropy is C. E. Shannon. He defined
entropy as follows [19]: for a system with a finite
number of possible states


and the probability of their occurence 
pyy is defined:
the information entropy
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Land Facet Corridor Designer was used to
calculate the entropy [23]. It determines entropy
XVLQJ ÄFLUFXODU QHLJKERUKRRG³ RQ WKH EDVLV RI WKH
following equation:

Maximum entropy occurs when the probability of mutually exclusive states is equal (even
, i.e. when
distribution):

 
Minimal entropy occurs when all probabilities
equal zero except one, which equals 1.


the share of observations in land-

only when

Therefore:



scape units (functional areas),
the number of observations in landscape
units,
the total number of observations,
the total number of landscape units.



The possibility of the occurrence of one or the
and
other contingency decreases as long as
the entropy is minimal (one of the contingencies
has occurred) [20].
In spatial context entropy can be interpreted
with regard to the modelled area (grid) as the
amount of missing information, or uncertainty, with
regard to discrete cell properties [21]. In this
concept, the missing information represents
classification of a particulat land-cover category.
From this perspective, it is possible think of a
classification of a given cell to a particular
landscape element 1 or 2, to M. For each discrete
subregion entropy can be described as:

7KH UHVXOWLQJ 6KDQQRQ¶V LQGH[ WDNHV YDOXHV
ranging
from
0
to
,
where
the number of unique categories (polygons of
functional areas).
Fuzzy theory was used as another method of
visualizing ecotones. Advantages of fuzzyfication
in geoinformatics were described in several scientific papers. The extension POM Demonstrator [24]
was used in this case study. It enables the user to
generate, visualize, and analyse fuzzy objects. It
calculates individual layers on the basis of defining
a fuzzy function and the subsequent determination
of truth values. The extension is primarily intended
for the calculation of buffer zones and other objects
in spatial planning. The application proved to be a
useful tool for calculating the division of the ecotone internal structure. The following equation and
variables were used:


x is the position of the sub-region; M is the
number of landcover categories that may be present
within the subregion; and t may represent time or
another parameter that describes the evolution of
the model. Using this model it is possible to visualize uncertainty in a simple way [21]. The situation
can be demonstrated using the following example:
the map is divided into discrete cells forming a grid
(a) and three landcover categories may be represented in each cell. The probability of the occurrence of a given landcover category can be calculated for each cell (b). Using the equations above,
individual entropy can be calculated for each cell
with known position x (b). On the basis of this
calculation, it is possible to deduce that zero entropy occurs in cells where the probability equals 1 for
one landcover category, and 0 for the other categories (cell A) [22] . In contrast, the entropy increases
in cells where the probability is less than 1 for at
least two landcover categories (B, C), up to the
other extreme that is represented by a cell where all
three landcover categories may occur (D) and thus
the entropy (and the uncertaint\ LQ WKLV SDSHU¶V
context) is maximal. Adjusted concept was subsequently used to calculate the entropy for the study
area.
6KDQQRQ¶V ,QGH[ 7RRO available in extended

= the distance in which the object belongs to
a given class (the truth value is 1)
= the distance in which the object belongs to
a given class with the probability of 50 % (the truth
value is 0,5)
= the distance in which the object does not
g to a given class (the truth value is 0)
belong
 determines the shape of the function (concave, convex or linear)
[25]
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FIGURE 2
The settings of POM Demonstrator for the determination of transition zones (ecotones)

FIGURE 3
The use of different colour models Luv, Lab and Ljg to visualise uncertainty; adjusted according to [27]
tion and the calculation of Density surface available
within Land Facet Corridor Designer extension
[23]. Both these methods were chosen because of
the possibility of subsequent visualization that is
different from the visualization based on the calculation of fuzzy regions.

Ecotones are formed by environmental layers,
which are often definable as fuzzy sets and, therefore, a concept of so called fuzzy regions was introduced. A defined individual internal structure was
then set for visualization. Based on expertise
knowledge ecotones between forests and arable
land, or grassland and pastures were visualized as a
transition zones with a total width of 30 meters with
an internal structure based on the selected fuzzy
function. The course of the ecotone between arable
land and forest, from the border of the polygon
towards the forest, is demonstrated by the fuzzy
function (Fig. 2). The course of the ecotone from
the border towards arable land was calculated in the
same way. Thus the course of the ecotone between
the studied landcover categories was created. It is a
considerable simplification of the situation, because
the course of the ecotone in the landscape is influenced by a number of biotic and abiotic factors and
it is not always homogeneous on the contact of the
two landscape elements. From this point of view, it
is primarily a demonstration of possible visualization of the transition zone, not an attempt to describe the real course of the ecotone in the study
area.
Other calculation methods used in this study
include the above described spatial entropy calcula-

RESULTS
Transition zones were visualised using ArcGIS
Desktop 10.4 software and other programming
tools, in order to find a suitable colour scale. At
first, ColorBrewer 2.0 application [26] was chosen.
Ä0DS%UHZHU³ systems are named after a researcher
and cartographer Cynthia Brewer and can be regarded as a new type of system to support the creation of maps. They always help the user with one
particular aspect within the creation of maps.
ColorBrewer 2.0 is one of these systems; it is a tool
for the selection of the correct colour composition.
The system can be characterized as a "digital learning assistant" and it provides an important theoretical background.
The offered spectrum of this tool for displaying of a divergent scale was chosen in the study. It
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certain value of a cell within the selected radius of
each cell. The output raster includes values ranging
from 0 to 1, where 0 means that in the vicinity of a
given cells there are no cells with the same value,
and 1 refers to cells that are completely surrounded
by cells with the same value. Based on the calculated data, transitions between different landscape
elements can then be created using appropriate
visualization methods (Fig. 4 - c). Moreover, the
results correspond with the real course of transitional zones between forests and other landcover
categories, which was confirmed by the orthophotograph of the studied area (Fig. 4 ± d). The last
method used in this case study was the application
of transparency to the results obtained by spatial
entropy (Fig. 5 - a) and density surface (Fig. 5 - b)
calculations. Individual places with high entropy
were visualized using a greater degree of transparency. Analogously, places with lower value calculated by Density surface were more transparent.
More transparent places thus represent places with
low affiliation to forest landcover category where,
nevertheless, forests may still occur. This result
fully corresponds to the definition of ecotones in
environmental studies. Analogously, places with
lower value calculated by density surface were
more transparent. More transparent places thus
represent places with low affiliation to forest landcover category where, nevertheless, forests may
still occur. This result fully corresponds to the definition of ecotones in environmental studies. Both
density surface and spatial entropy calculations
adequately indicate the presence of ecotones in the
landscape. Moreover, when used only for certain
features of the landscape (i.e. those for which the
uncertainty should be highlighted) the method is
rather intuitive.

was necessary to choose colours so that they were
naturally associated with forests and arable land.
From this perspective, the choice of the scale is
rather limited as the offered divergent colour scales
are not primarily intended for visualization of transition zones within the landscape elements. The
default colour on both ends of the scale was another
negative factor. Due to the need to distinguish 11
sub-categories within the transition zone, very dark
colours had to be used. The resulting map is therefore considerably unbalanced.
Another method, which can be used to visualize uncertainty in ecotones, is the application of
other colour models. It was confirmed by several
studies that models CIELUV (L*, u*, v*), CIELAB
(L*, a*, b*) and OSA-UCS (Ljg) enable better
differentiation of the individual categories of uncertainty if compared with conventional colour models
such as HSV or HLS [27]. Scales designed specifically for the purpose of showing uncertainty which
are available in ColorBars tool within SoLIMSolutions software [28] were used in this case study
(Fig. 3). The colour scales are not very suitable for
displaying dynamic contents of maps in real time,
but they can be reasonably used for static representation of the elements firmly associated with the
uncertainty as they are specifically designed to
induce the right associations about the represented
uncertainty on the part of the reader. Colour model
LJG was chosen to represent uncertainty in transition zones. The resulting visualization provides the
reader with information about the course of the
ecotone and also creates a sense of a blur, which
further helps the associativity of the method.
The above mentioned calculation method
Density surface was used to calculate the course of
the ecotone between forest and other landscape
elements. This function calculates the density of a

FIGURE 4
(a) visualization of transitional zones between forests and other landcover categories calculated using
Density surface; (b) orthophotograph of the studied area; (c) detail of the transitional zone;
(d) visualized transitional zone placed on the orthophotograph
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FIGURE 5
Visualization of transitional zones in the Trkmanka catchment using transparency based on (a) spatial
entropy calculations; (b) Density surface calculations within extension Land Facet Corridor Designer [23]
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ing with this approach and uncertainty becomes an
integral part of all operations with spatial data. The
very understanding of uncertainty in geoinformatics
still faces a problematic definition of this concept
within individual scientific disciplines, mainly due
to the ambiguity of the different terminology. Problems also arise from bad translations between languages. Following authoritative international
sources is certainly recommendable, but it is equally important to take into account the various specifics of the environment (professional, territorial,
linguistic) in which the authorities formulate their
positions. Uncertainty is a multifaceted concept and
includes e.g. imprecision, uncertainty, imperfect
knowledge, inconsistency, lack of information,
hum, ambiguity, lack of confidence, doubt, etc. The
definitions are very rich and reflect the different
characteristics of uncertainty. Within the terminology of uncertainty there is no prevailing clear consensus or generally accepted meaning [31]. Uncertainty can also be specified as a broader spectrum
of doubt or irregularities that involve a mistake. In
this case, the error is only one component of uncertainty [32]. You can also talk about the accuracy,
reliability, clarity, expressivity, etc. More generally,
uncertainty can be defined as user's imperfect
knowledge of the data, processes or results. As
mentioned above, concepts such as uncertainty,
insecurity, ambiguity, vagueness, bilingualism, etc.
can be found in literature. For the definition of the
terms in geoinformatics it is, therefore, necessary to
work with these concepts, but the geoinformatics
definition is quite specific and based on a number
of partial theories. The above mentioned facts unambiguously show that the concept of uncertainty is
always sector specific. The definition is problematic
and uncertainty becomes a generalized concept
offering a wide range of concepts and sub-division.
The above mentioned different definitions of uncertainty reflect the range of issues that are currently
associated with this generalization of the concept.
Using another division, it is possible to derive differentiation of the positive aspects of uncertainty
such as those related to accuracy from the negative
aspects of uncertainty dealing with the error [33].
This concept can be used to work with spatial data
quality. Despite the different concepts of uncertainty and multiple uses of the term, there is generally
accepted consensus that uncertainty should be seen
as the composition of a number of terms and concepts. There are publications that analyse the definition of uncertainty in much greater detail, e.g. publications of Klir and Wierman [34] and Thomson et
al. [35].
The concept of quality and its content has
been a subject of historical development and transformation. It is necessary to decipher it not only
within the context of a discourse of science, but
also with regard to its genetically-semantic interpretation. For our purposes quality can be defined as

The example shows that information entropy
can be used to visualize uncertainties in the landscape structure. Additionally, it indicates places
where uncertainties (transition zones such as ecotones) may occur. The example further shows that,
beyond pure visualization, calculated values of
Shannon index can be interpreted in a quantitative
way. Areas with high uncertainty were clearly distinguished (see Fig. 5 - b). These areas highly corresponded with the real presence of ecotones (transitional zones) in the landscape proved by field
survey.
Compared to visualizations of probabilistic estimations, the advantage of information entropy is
that it combines probabilities from multiple members into one number, for every subdivisions of the
model. Nevertheless, it is still very complicated to
find specific ecotones in the landscape. The proposed approach can be useful only for a rough estimation of possible occurrence of ecotones based
on their uncertain character. For more detailed predictions of ecotones, it is still necessary to specify
environmental variables (e.g. elevation, precipitation, soil characteristics etc.) for habitat prediction
modelling.

DISCUSSION
Many definitions of uncertainty can be found
in literature. A large number of definitions reflect
the extensive issues that are hidden under the general term. Very often, for example, the difference
between the concepts of accuracy and uncertainty is
broached. In cartography the terms inaccuracy and
uncertainty have very similar meaning and are
sometimes they are even considered to be synonyms[29]. The relationship between "accuracy" and
"uncertainty" is often discussed. For example, these
terms can be used as inaccuracies related to the
general concept of uncertainty and then relate to
specific cases, where the inaccuracy is not known
[30]. In this case, objectively known inaccuracy can
be expressed as an error. Other authors consider
error as part of uncertainty, where the error is defined as the discrepancy between a given value, the
modelled value and the simulated value.
Despite various definitions and interpretations
of uncertainty a relatively accepted consensus exists
among experts and uncertainty is regarded as the
composition of several concepts however, between
concepts of uncertainty and presentation of data,
opinions differ considerably. In the Czech Republic
the concept of uncertainty has been dealt with rather often during last 20 years and it gains an increasing interest of a growing number of experts.
The present development of technology and computers only amplifies this fact. The situation is not
different in geoinformatics. There is a rapid development in the implementation of the theory operat-
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similar characteristics and solve similar domains. In
many cases, the terms quality and uncertainty are
confused. Uncertainty in this sense is considered to
be a characteristic that allows us to assess the quality of the data, and uncertainty markedly affects the
quality of spatial data. The basic difference is that
the uncertainty can be introduced at any stage of
map production and GIS analyses (observation,
conceptual modelling, measurement, analysis, etc.)
and as such is not only related to the quality of
spatial data itself, but to the entire process. With
regard to the uncertainty the whole discipline still
encounters the above mentioned problems of disunity of used definitions and imprecise terminology.
These can be demonstrated for example by asking
representatives of the government and scientists
working at the campus to define "data quality" and
"uncertainty". The answers would probably be
different and inconclusive. The problem lies in the
actual community of people engaged in the spatial
data quality and uncertainty. In scientific articles,
technical reports and studies, it is very difficult
to identify the various concepts that are named
the same, or, conversely, the same concepts that
bear different names. The situation described
above

any quality or attribute that something pertains to
something or is attached to something, described as
something that adapts a thing to the purpose for
which it was created [36]. In the concept of this
paper the term quality primarily meant the quality
of information obtained from spatial data as a final
product of the whole process of showing reality
through visualizations. Due to the complexity of the
problem concerning the quality of geographic data
in particular, and with regard to the various factors
that affect the quality of data and cause various
types of imperfections [37]. This research focuses
mainly on developing a strategy to transfer acquired
knowledge to the user of the results. With regard to
this approach, visualizations are used as a final and
effective tool for presenting the quality of geodata
to their end users. The paper otherwise uses the
term uncertainty as an overarching term which
describes the problems arising from a number of
deficiencies with which we work in geoinformatics
with the primary regard to the quality of spatial
data.
As mentioned above, the term data quality
should be used with caution because the concepts of
uncertainty and spatial data quality are not synonymous, even though in many cases they are remarkablyy close to each other. They
y have highly
g y

FIGURE 6
The relation between spatial data quality and uncertainty
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EVALUATING EFFECTS OF AUTOTOXICITY ON PLANT
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tion. Its leaves have 27 to 31% protein contents, 75
to 87% digestible protein, neutral detergent fiber of
49-57%, acid detergent fiber of 32-38%, high dry
matter and utilisable fibre, 72-81% digestibility and
0.09-0.65% low total tannin content [5]. Pellet
forms containing I. zollingeriana and lamtoro (Leucaena leucocephala) leaves affect sperm quality of
New Zealand White crossbred rabbit positively [6,
7]. The plant is used as natural dye in industries
related to cosmetics and pharmaceutical production.
I. zollingeriana are used to obtain natural dye
Zollinger indigo. This dye is used to dye wax resisted fabrics for batik (a craft in which colored
designs are printed on textiles after applying wax to
the parts not to be dyed) purpose in Java [8], China,
Africa and Ukraine. Use of natural dyes are of significant importance to protect environment and are
progressively becoming popular in textile dyeing
with the people who are more conscious with environmental sustainability [9]. Establishment of a
regeneration protocol for the plant will serve this
purpose.
Bharal and Rashid [10] reported regeneration
of legume I. enneaphylla in tissue culture using B5
medium with different combinations of plant
growth regulators. The effect of different plant
growth regulators and their concentrations on multiple shoot regeneration and callus formation of I.
potaninii, I. viscosa and I. tirta has been studied
[11, 12, 13]. Cryo-conservation and regeneration of
axillary shoot meristems on I. tinctoria by encapsulation-dehydration technique has also been reported
[14]. Efficiency of culture media for in vitro regeneration of I. tinctoria has also been studied and
established [15].
Seeds of I. zollingeriana stored for 2 months
has viability of 28-35% only [16, 17]. I. zollingeriana propagation by seed is very important to support breeding and quality forage production. This
study aimed to develop a fast reliable protocol for
multiplication of in I. zollingeriana including root
induction under in vitro conditions.

ABSTRACT
This study reports a protocol for micropropagation and evaluate the effects of autotoxicity on
regeneration of Indigofera zollingeriana Miq. an
important forage plant in Indonesia. The epigeal
and cotyledon node explants were obtained from 4
weeks old GA3 treated seedlings. The explants
showed regeneration on a single or two explants
only in every petri dish with no regeneration on the
rest of explants in a petri dish due to the effects of
autotoxicity, if they were pretreated with liquid
BAP for 24 hours. Germination was noted on all
explants, if they were cultured singly. No autotoxicity was noted on the explants that were pretreated
for 14 days on agar solidified MS medium with
maximum number of 3.75 and 4.00 shoots per explant on epigeal and cotyledon nodes using 5 mg/L
BAP pretreatment. The shoots were not rooted
separately as they rooted in the regeneration medium. These were transferred to ½ L plastic pots
containing leaf peat moss for 60 days to acclimatize
them.

KEYWORDS:
Acclimatization, Forage, Gibberelic Acid, Legumes,
Mass Proliferation, Scarification

INTRODUCTION
Indigofera sp. of genus Indigofera is a leguminous plant species that is distributed in tropical
regions and comprise around 700 species [1]. The
plant is highly tolerant to drought, light floods and
moderate salinity [2]. Generally, Indigofera sp. can
grow in full-shade and tolerant to semi-shade or no
shade. They need heavy (clay) soils with suitable
pH of 5-7.7 but some species are tolerant to light,
(sandy) soils and pH of < 4-8.5 [3].
One of Indigofera species, Indigofera
zollingeriana with high protein content is distributed in South East Asia and Indonesian islands of
Bangka, Kangean, Jawa, Bali, Flores, Sulawesi, and
Maluku [4]. It has forage production in range of 710 ton-¹ha-¹harvest-¹ using foliar fertilizer applica-
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al and cotyledon node explants for use in the tissue
culture studies.

MATERIALS AND METHODS
The seeds were collected from Prof. Dr. Luki
Abdullah of the Department of Nutrition Science
and Feed Technology, Bogor Agricultural University, Indonesia.

Micropropagation of I. zollingeriana on MS
medium after 24 h liquid BAP pretreatment of
epigeal and cotyledon nodes explants. Callus
regeneration was noted on all epigeal node and
cotyledon node explants (100%) using control
treatment (Table 1). Shoot regeneration percentage
ranged 42.99 to 90% on epigeal node explant and
44.45 -81.54% on cotyledon node explant. Average
number of 2.25 shoots per explant and longer
shoots (with mean shoot length of 3.50 cm) were
noted on developing callus on epigeal node explants and 3 shoots per explant (with mean shoot
length of 2.50 cm) were noted on calli regenerated
on cotyledon node explants of control treatments.
Shoots developing on a single explant showed normal growth; whereas the developing shoots on rest
of the explants in each culture vessel showed varying degree of hyperhydric leaves.
Average number of 2.92 shoots were noted on
epigeal node explants pretreated with 5 mg/L BAP.
Generally, first developing shoot one or two shoots
were dominant with 5-6 depressed shoots in length.
The pinching of longer shoots always released
dormancy on the depressed shoots. The number
(1.25) of regenerating shoots on cotyledon node
pretreated with 5 mg/L BAP showed a bit different
behavior. Average number of two explants regenerated normal growth and development and rest of the
two explants in each culture vessel remained hyperhydric with abnormal leaves.
Average number of 3 shoots were noted on epigeal node explants pretreated with 10 mg/L BAP.
First developing shoot on single explant were normal and rest of the explants showed autotoxicity
with development of depressed or hyperhydric
shoots. The number (3.33) of regenerating shoots
on cotyledon node pretreated with 10 mg/L BAP
showed a bit different behavior. Normally grown
leaves were noted on average number of two explants in each culture vessel. Rest of the regeneration on each explant was hyperhydric.

Seed germination. The seeds were germinated using GA3 (Gibberallic acid) for 3 days as reported by [18].
Micropropagation, rooting and acclimatization studies. The four weeks old seedlings obtained
after germinating seeds in the above mentioned
experiments were used to take epigeal node and
cotyledon node explants. These were cultured on to
sterile agar solidified medium (for 14 days) or liquid MS medium (for 1 day on thermoshake incubator at 120 rpm, 24oC under dark) containing 5, 10,
15, 20 and 25 mg/L BAP. Subsequently, the treated
explants from each experiment were transferred to
agar solidified MS medium [19] for 30 days. The
rooted shoots (plantlets) were transferred to ½ L
plastic pots containing peat moss (made from
leaves) for 60 days to acclimatize them. All studies
were carried out under aseptic conditions and the
cultures were grown in sterile growth chamber at
24±1oC under 16/8 h light photoperiod.
Statistical analysis. The data was analyzed by
comparing means using SPSS 24 program for Windows. The significance differences among the
PHDQV ZHUH GHWHUPLQHG E\ 'XQFDQ¶V 0XOWLSOH
Range Test. The percentage data obtained from the
experiments were subjected to arcsine transformation before statistical analysis [20].
RESULTS

Treating sand paper + sulphuric acid scarified seeds after treatment with liquid GA3 and
culture on MS medium. The GA3 treated seedlings
were stronger, vigorous and had good shoot regeneration. Therefore, they were used to obtaine epigeTABLE 1
Effect of different concentration of BAP in liquid medium on shoot regeneration for 24 hours
BAP
(mg/L)
0
5
10
15
20
25

BAP
(mg/L)
0
5
10
15
20
25

Callus regeneration percentage (%)
Epigeal node
Cotyledon node
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00

Shoot length (cm)
Epigeal node
Cotyledon node
3.50a
1.06b
1.31b
1.27b
1.36b
1.58b

2.50a
1.97b
1.47b
1.31b
1.19b
1.22b

Shoot regeneration percentage (%)
Epigeal node
Cotyledon node
81.14b
90.00a
60.25c
64.22c
42.99e
49.92d

81.54a
56.23c
81.28a
65.33b
81.15a
44.45d

Number of lateral shoots/ culture vessel
Epigeal node
Cotyledon node
0.80c
2.68a
0.81c
0.32c
1.32b
0.00c

1.00b
1.00b
1.68a
0.00c
0.00c
0.00c

Number of shoots per culture vessel
Epigeal node
Cotyledon node
2.25c
2.92b
3.00b
2.25c
4.25a
4.00a

3.00bc
1.25d
3.33bc
4.54b
7.33a
3.33bc

Lateral shoots length (cm)
Epigeal node
Cotyledon node
0.10
0.21
0.04
0.04
0.04
0.00

0.12
0.03
0.25
0.00
0.00
0.00

All means shown by different letter in a single column are statistically different using Duncans Multiple range test at 0.05 level of significance
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TABLE 2
Effect of different concentration of BAP in MS medium on shoot regeneration after two weeks in culture
BAP
Frequency of shoot regeneration (%)
Number of shoots/culture explant
Callus regeneration percentage (%)
(mg/L)
Epigeal node
Cotyledon node
Epigeal node
Cotyledon node
Epigeal node
Cotyledon node
0
100.00
100.00
80.00
76.66
2.00
3.00
5
100.00
100.00
66.67
90.00
3.75
4.00
10
100.00
100.00
76.66
60.00
2.20
2.00
15
100.00
100.00
100.00
86.66
2.00
2.00
20
100.00
100.00
40.00
63.33
3.28
1.25
25
100.00
100.00
70.00
83.33
3.25
1.50
BAP
Number of lateral shoots per culture vessel
Average lateral shoots shoot length
Shoot length
(mg/L)
Epigeal node
Cotyledon node
Epigeal node
Cotyledon node
Epigeal node
Cotyledon node
0 (control)
3.75
3.07
0.80
1.00
0.10
0.25
5
2.00
3.68
1.08
4.20
0.15
0.29
10
2.25
2.29
1.08
1.20
0.08
0.16
15
4.55
1.25
1.20
1.00
0.17
0.23
20
3.25
1.50
1.16
0.00
0.16
0.00
25
1.83
1.10
1.12
1.00
0.03
008
All means shown by different letter in a single column are statistically different using Duncans Multiple range test at 0.05 level of significance

FIGURE 1
D 6KRRWUHJHQHUDWLRQRI=ROOLQJHU¶VLQGLJRRQHSLJHDOQRGHDQG E FRW\OHGRQQRGe explants showing
HIIHFWVRIDXWRWR[LFLW\ F URRWLQJRI=ROOLQJHU¶V,QGLJRRQYHJHWDWLYHPDWXULW\LQGXFHGVKRRWVDQG
(d) acclimatization
duction of average number of 4.54 shoots/cotyledon
node explant on 15 mg/L BAP. Autotoxicity was
observed in this case as well. Healthy growth was
noted on a single explant only with 1.31 cm long
shoots that were hyperhydric and abnormal growing

Average number of 2.25 shoots were noted on
epigeal node explants pretreated with 15 mg/L
BAP. All of the developing shoots with length of
1.27 cm showed abnormal growth of leaves with
extreme hyperhydricity. The results indicated in-
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medium for 30 days, on induction of vegetative
maturity induced roots (Fig. 1c). Therefore, they
were not rooted separately using auxin containing
medium. The rooted shoots or plantlets were transferred to pots for acclimatization (Fig. 1d).

leaves on rest of the explants in each culture vessel
due to autotoxic effects of the explants.
Likewise, average number of 4.25 (Fig. 1a)
and 4 shoots were noted on single epigeal node and
7.33 (Fig. 1b) and 3.33 shoots/single cotyledon
node explant pretreated with 20 and 25 mg/L BAP
in the same order. Rest of the explants in each of
the culture vessel showed variable autotoxicity with
abnormal depressive and hyperhydric growth with
significant effect of autotoxicity. The shoots regenerated on epigeal explants treated with liquid 0-20
mg/L BAP induced 0.32-1.32 lateral shoots with
meagre shoot length. Similarly, the explants pretreated with 0-10 mg/L BAP induced 1-1.68 lateral
shoots per explant. The lateral shoot length on epigeal and cotyledon node induced shoots changed
between 0.04-0.21 cm and 0.03 to 0.25 cm respectively.

DISCUSSION
Micropropagation of I. zollingeriana on MS
medium after 24 h liquid BAP pretreatment of
epigeal and cotyledon nodes explants. Contrary to
others Legume studies, success of pre-treatment
effect of BAP were noted. All post treated BAP
concentrations (5, 10, 15 mg/L of BAP) tested in
this experiment were effective for inducing meristematic nodular calli in agreement with Li et al.
[21], who suggested that only some BAP concentrations were effective on Lathyrus cicera. Shoot
growth increased with increases in BAP concentrations up to a certain threshold, beyond which the
frequency of shoot development was reduced [21].
Phenomenon of autotoxicity under tissue culture conditions is not documented. The Indigofera
species contain number of phenolic compounds like
flavonoids, saponins, quinones, sterols/triterpenes
and tannins, gallic acid, caffeic acid, rutin and myricetin, gallic acid, quercitrin, myricetin, galangin
and myricetin [1]. It is believed that single or combination of these phenolic acids and secondary
metabolites released by first developing explant
accumulated in the explant environment and caused
inhibition to the explants behavior and autotoxicity
on neighbouring tissues that restricted growth and
regeneration on sister explants in the same vessel in
agreement with Beckman [22] and Jones and
Saxena [23]. Furthermore, reports that interference
with chlorophyll metabolism may be one mechanism of inhibition of plant growth in allelopathic
interactions in soybean and sorghum [24]. Many
examples of autotoxicity are reported in coniferous
trees, including Abies balsamea [25], Cunninghamia lanceolata [26], Picea abies [27], Picea
mariana [28], Pinus halepensis [29], Pinus densiflora [30, 31]. Seed germination and growth inhibition due to auto toxicitic phenolic acids and other
allelochemicals has been widely observed [32].
This was confirmed in this study, where all of the
treated explants induced regeneration when cultured separately, but failed to induce regeneration
when cultured in the same vessel.
The adding of BAP to MS medium had no
significant effects in callus induction, number of
shoot, shoot length, number of lateral shoots and
their length on both cotyledon node and epigeal
node. Similarly, Belide et al. [33] and Barpete et al.
[34] reported that preconditioning with cytokinin
enhanced multiple shoot regeneration in Pongamia
pinnata and Lathyrus sativus respectively. However, cytokinin preconditioning impacts positively on

Micropropagation, of I. zollingeriana on epigeal and cotyledon nodes after pretreating them
with various concentrations of BAP for 14 d.
Both explants precultured on MS medium containing 0, 5, 10, 15, 20 and 25 mg/L BAP (for 14 days)
followed by post culture on agar gelled MS medium
induced 100% callus induction and 40.00-100.00%
and 63.33-90.00% shoot induction on epigeal node
and cotyledon node in the same order after 30 days
(Table 2).
Type of callus from both explants were compact and friable. Increasing concentration of BAP
had inclination to induce stress with transformation
of calli to necrotic brown colour. 5, 10, 15, 20 and
25 mg/L BAP pretreated epigeal node and cotyledon node explants induced variable number of
shoots on post cultured MS medium. The results
showed that control treatment regenerated 2 shoots
and 3 shoots per epigeal node and cotyledon node
explant. Rest of the cultures regenerated 2.00-3.75
shoots on epigeal node and 1.25-4.00 shoots per
explant on cotyledon node explant. Except control
treatment, shoot regeneration potential of epigeal
node was more compared to the regeneration potential of cotyledon node explants.
The longest shoots on epigeal node (4.55 cm)
and cotyledon node (3.68 cm) were noted on 15 and
5 mg/L BAP respectively. Leaf shedding was very
prominent on the regenerated shoots pretreated with
25 mg/L BAP. The maximum number of lateral
shoots and lateral shoot length on epigeal node
(1.20 and 0.17 cm) and cotyledon node (4.20 and
0.29 cm) also followed the above mentioned pattern.
Rooting percentage remained 10-50% on epigeal node and 20-50% on cotyledon node regenerated shoots. No rooting was noted on control treatment and shoots regenerated on 25 mg/L BAP
treated epigeal node explants and 15, 20 mg/L cotyledon node regenerated shoots respectively.
The shoots on each explant on transfer to MS
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Micropropagation of I. zollingeriana on MS
medium after 14 d BAP pretreatment of epigeal
and cotyledon nodes explants on agar soldified
MS medium. Contrary to others Legume studies,
success of pre-treatment effect of BAP were noted.
All post treated BAP concentrations (5, 10, 15
mg/L of BAP) tested in this experiment were effective for inducing meristematic nodular calli in
agreement with Li et al. [18]. They induced calli on
Lathyrus cicera using some BAP concentrations.
They noted shoot regeneration with increasing BAP
concentrations up to a certain threshold, beyond
which the frequency of shoot regeneration was
inhibited. The results of this study are also in
agreement with Khabbazi et al. [36], who reported
using MS medium supplemented with 10 and 20
mg/L BAP for preconditioning on in vitro multiplication of mature embryos of lentil Lens culinaris
Medik for 10 days. Thereafter, the researchers noted single shoots on control group and multiple
shoots on 10 and 20 mg/L BAP. Similarly, Belide
et al. [33], Barpete et al. [34] and Jana et al. [35]
also reported that preconditioning with cytokinin
enhanced multiple shoot regeneration in Pongamia
pinnata, Lathyrus sativus and Sophoraton kinensis
in same order.
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A PRELIMINARY INVESTIGATION TO DETECT THE
MUTAGENICITY OF SEDIMENT SAMPLES FROM
ALIAGA BAY (TURKEY)
Meltem Boyacioglu, Muhammet Ali Karaaslan*, Ozlem Cakal-Arslan, Hatice Parlak
Faculty of Fisheries, Ege University, 35100 Bornova, Izmir, Turkey

In the industrial regions chemical pollution affects marine biota and has toxic effects on human
population directly or indirectly. One of the main
sources of xenobiotics in the marine ecosystems is
grease oils and other toxic chemicals from the shipping activities [4]. Recently, it has become great importance to determine the effects of mutagenic and
carcinogenic chemicals on the organisms because
the aquatic organisms play important role in human
nutrition as well.
The main source of mutagenic and carcinogenic substances is industrial and agricultural activities. Xenobiotics from these sources ultimately contact with aquatic ecosystems.
One of the important features of the carcinogenic and mutagenic substances is that they are effective even in very low concentrations. It is time
consuming and not economic to detect all chemical
substances present in the tissues analytically using
currently available chemical methods. Thus, the
methods based on screening the carcinogenic and
mutagenic substances in the biological habitats using
biological indicators have recently become important issues [5].
Detecting the mutagenic chemicals in the environmental samples is especially important because
of their ability to induce cancer and potential damage
to the germ line, leading to fertility problems and potentially harmful genetic alterations in future generations [6, 7]. Using analytical techniques, however,
it is not possible to determine whether a given substance has carcinogenic or mutagenic properties.
Therefore, biological testing and monitoring of carcinogenic and mutagenic compounds is of particular
importance [8]. Consequently, short term bioassay
such as the Ames Test have been accepted as useful
in mass screening of potential carcinogenic compounds in the environmental samples [9]. The Salmonella/microsome mutagenicity assay, also called
the Ames Test, has been widely used to detect mutagenic potential of various chemicals [1]. In most
cases, mutagenic potential of pure chemicals have
been studied. Ames test, however, has also been used
to analyze complex mixtures extracted from a variety of sources, such as effluents from pulp mills [10,
11], petroleum refineries [12], and wastes from the
wood-preserving industry [13]. Several studies have

ABSTRACT
Aliaga Bay is located on Aegean coast of Turkey and many industrial facilities such as shipbreaking, shipyards, petroleum refineries, the paper mills
were placed around it. The scientific literature search
has revealed that the chemical pollution of industrial
origin is affecting the marine biota and human population directly or indirectly. Since many carcinogenic and mutagenic chemicals have been accumulated in aquatic sediments it is of great importance to
search and monitor their genotoxic potential considering the contamination of aquatic organisms and
human beings. In the present study it has been aimed
to detect the mutagenic effects of the sediments from
6 stations on Aliaga Bay using $0(6¶V WHVt with
TA98 and TA 100 strains of Salmonella typhimurium. According to the results, samples from the
stations close to the shipbreaking shipyard were
toxic and only the samples from St.3 and St.4 had
values close to those for weak mutagenicity. As conclusion, Aliaga Bay is under influence of toxic and
genotoxic pollution originating mainly from the
shipbreaking and shipyards activities, wastewater of
Aliaga Municipality and Aliaga Organized Industrial
Zone and it is likely to experience greater environmental problems unless measures are taken to prevent it.

KEYWORDS:
Aliaga Bay, Mutagenicity, Ames test, Salmonella typhimurium, shipbreaking.

INTRODUCTION
Aliaga Bay is one of the most important maritime zones of Turkey where shipping activity,
shipbreaking industry, steel works and petrochemical complexes exist together [1]. Most of the discharged chemicals are hydrophobic in nature and
trapped by the particulate matter that eventually precipitate in the sediments [2]. They may resist microbial degradation and tend to accumulate in high concentrations in the sediments or in the biota [2, 3].
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cilities are the most prominent ones. Crude oil products and lubricating oil are produced in Tupras, the
second biggest state-run refinery in the country. This
refinery has capacity to produce 27,6 million
tons/year of crude oil petroleum annually and petroleum is the main source of environmental pollution
in Aliaga Bay associated with industrial activities
[5]. The waste from these industries, combined with
municipal sewer discharges, is the main cause of pollution in this region (Figure 1).
Sediment samples were collected from six stations. Stations #1 and #2 were chosen based on their
proximity to the petrochemistry facilities. One station (Station #3) was assessed which was close to the
estuarine of Guzelhisar Brook where wastewater of
treatment plant of Aliaga Municipality and Aliaga
Organized Industrial Zone was discharged. Station
#4 was away from all others. Two stations were on
the ³6KLSEUHDNLQJ´ area (st #5 and st #6).

been carried on to detect mutagenicity of sediment
samples using the Salmonella Mutagenicity Assay
(Ames test) [14-16]. In this study, the Ames Test has
been used to screen mutagenic potential of the sediment samples from Aliaga Bay as a measure of genotoxic properties.

MATERIALS AND METHODS
Study Area and Selection of the Stations.
Aliaga Bay is located about 50 km away from Izmir
Province along the Aegean coast of Turkey. Aliaga
county has economic activity mainly based on an oil
refinery as well as tourism [18]. A variety of chemical wastes discharges into the Bay without treatment
and in uncontrolled way as a consequence of rapidly
increasing population of the town, extensive activities and capacities of several industries. The industrial plants in Aliaga are the major cause of marine
pollution. Although these industrial plants have
waste treatment systems and are supposed to release
the treated waste water into the sea, even a small
amount of untreated waste material leaking into the
sea is enough to change the natural balance of the sea
[17, 18].
There are number of industrial facilities in Aliaga Bay for different purposes, including Tupras (the
second largest oil refinery of Turkey), Petkim (a petrochemistry plant), and 17 other industrial facilities
related to Petkim and other industrial facilities such
as ship breaking, paper, fertilizer, iron-steel, ironsteel rolling plants, liquefied petroleum gas, fuel
storage and marketing, electric power plant, cement
and concrete, and textile. However, among these industrial facilities, Tupras, Petkim, and iron-steel fa-

Chemicals. Nutrient broth and bacto agar were
purchased from Criterion (Hardy Diagnostics). Dimethylsulfoxide (DMSO), histidine, biotin and sodium azide were purchased from Merck. Ampicillin
trihydrate was purchased from Sigma.
The Mutagenicity Assay. Sediment samples
were collected by a grab sampler from 6 stations in
Aliaga Bay (Fig. 1). They were kept cool in ice-box
until returning to the laboratory. The samples were
stored at 4oC, prior to extraction within 1 week after
collection. air-dried samples for 24-48 hours in a
fume-hood prior to extraction were crash to powder
and sifted and then placed in portions of 1 g into Teflon tubes and mixed with hexane/chloroform/acetone (1:1:1:v:v:v) [26]. Subsequently, supernatants
were taken after centrifugation for 10 Min at 4oC at

FIGURE 1
Sampling sites in the study area of the Aliaga Bay
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TABLE 1
Mutagenicity analysis of sediment samples using S. typhimurium assay with TA100 strain in the absence of
metabolic activation.
a
TA100
NC
125 μg
250 μg
375 μg
500 μg
A-Cr**
ST-1
100,6±13,4
132±2
115± 8,6
116,6±10,1
129,3±9,0
NM
ST-2
100,6±13,4
130,6±10,5
115,6± 11,8
136±5,2
123,6±2,5
NM
ST-3
100,6±13,4
123±2,6
107± 3,6
145*±2
121±1
~ WM
ST-4
100,6±13,4
102,3±8,0
144* ± 2
125 ± 3
121,6±7,6
~ WM
ST-5
100,6±13,4
12,6*±2,5
4*±3
2,3*±0,5
0*±0
TOX
ST-6
100,6±13,4
7,3*±1,5
1,3*± 2,3
1,6*±0,5
1*±1
TOX
a Negative Control: DMSO
Number of the spontaneously revertant colonies: 100-120
Number of the revertant colonies upon activation with NaN3 ȝJSODWH -1806
*Analysis of mutagenic activity of sediments from Aliaga Bay as the number of His+ revertants in Ames test without metabolic activation
system; One-way ANOVA significant data are shown in (*) (p<0.005).
**A-Cr (Ames criteria): SM: strongly mutagenic; M: moderately mutagenic; WM: weakly mutagenic; NM: no mutagenic; TOX: Toxic.

TABLE 2
Mutagenicity analysis of sediment samples using S. typhimurium assay with TA98 strain in the absence of
metabolic activation.
125 μg
250 μg
375 μg
500 μg
A-Cr**
TA98
NCa
ST-1
29,6±2,3
26,3±5,0
24,6±2,5
20±3,4
20,6±6,6
NM
ST-2
29,6±2,3
34±3,4
25,6±4,0
24±7
26,3±1,5
NM
ST-3
29,6±2,3
28,3±2,0
20,9±1,1
21,6±8,0
27,6±2,0
NM
ST-4
29,6±2,3
25±2,6
23,6±2,0
23,6±2,5
26±1,7
NM
ST-5
29,6±2,3
23,3±1,5
30,3±2,8
26±2
23,3±6,5
NM
ST-6
29,6±2,3
27,2±5
24,6±1,5
25,6±4,0
28,0±4,3
NM
a Negative Control: DMSO
Number of Spontaneously revertant colonies: 21-28
Number of the revertant colonies of positive control (Mitomycin-&ȝJSODWH 1RJURZWK
$QDO\VLVRIPXWDJHQLFDFWLYLW\RIVHGLPHQWVIURP$OLD÷D%D\DVWKHQXPEHURI+LVUHYHUWDQWVLQ$PHVWHVWZLWKRXWPHWDEROLF activation
system; One-way ANOVA significant data are shown in (*) (p<0.005).
A-Cr**: Ames Criteria, SM: strongly mutagenic; M: moderately mutagenic; WM: weakly mutagenic; NM: not mutagenic; TOX: Toxic.

RESULTS

5600 g in Sigma K3 cooled centrifuge. This procedure was repeated for 3 times and supernatant was
collected. Organic solvents of the sediment samples
were evaporated and dissolved with 1 mL Dimethylsufoxide (DMSO) and added to give a final residue concentration of 1 g sediment mL-1 [5].
Salmonella mutagenicity assay was performed
using the standard plate incorporation method (27)
with the TA98 and TA100 strains of Salmonella
typhimurium, and without S9-derived metabolic activation. Organic extracts were diluted to ȝJ
ȝJ, 375 ȝg, and ȝJof residue for each sample
and tested for mutagenicity using the standard plate
incorporation protocol [27]. For testing mutagenicity, ȝORIRUJDQLFH[WUDFWof sediment was mixed
ZLWKȝORIDQRYHUQLJKWFXOWXUHRI bacteria and 2
ml of melted agar containing 0.5 mM histidine and
biotin. The molten top agar was then poured onto a
minimal glucose agar base plate and incubated at
37oC for 2 days. NaN3 ȝJSODWH DQG0LWRP\FLQC ȝJSODWH ZHUHXVHGDVSRVLWLYHFRQWUROV(DFK
dilution of extracts and controls was assayed in triplicate. Following incubation, the number of revertant
colonies (His- revertants) was counted [20].

In the mutagenicity test with S. typhimurium
TA100, number of the revertant colonies was found
to be 1.5 times higher than the negative controls at
the Stations #3 (at concentration of 250 μg) and #4
(at concentration of 375 μg). This value represented
weak mutagenicity according to Ames criteria and
was found to be significant compared to the negative
control (p < 0.005) (Table 1, Figure 2). Number of
the revertant colonies were found to be much lower
than negative controls at all concentrations at the
Stations #5 and #6 and even death of the bacteria was
observed, and thus the concentrations showed toxic
character for the TA100 and the results were found
to be statistically significant compared to the negative control (p < 0.005) (Table 1; Figure 2). No mutagenic or toxic character was observed for S. typhimurium TA100 at the concentrations from the Stations #1 and #2 (Table 1; Figure 2).
In the mutagenicity test with TA98 strain of S.
typhimurium, no mutagenicity was observed as numbers of the revertant colonies at the concentrations
from all stations were close to that of the negative
control (Table 2; Figure 2).
According to the Ames test system criteria, a
sample can be considered to be mutagenic under two
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folds of the negative cRQWUROV EDVHGRQ$PHV¶VPX
tagenicity criteria) (Table 1; Figure 2). This value
close to weak mutagenicity in the sediment sample
from the Station #3 and #4 might be the reason for
the fact that Guzelhisar Brook carries pollution burden from wastewater of Aliaga Municipality and
Aliaga Organized Industrial Zone discharges after
being treated in wastewater treatment facility. It is
well known, however, that the treatment process rePRYH WKH QXWULHQWV EXW FDQ¶W UHPRYH RWher toxic
chemicals entirely (21). At the Stations #1 and #2,
no mutagenicity was observed (Table 1, Figure 2).
,QWKLVLQYHVWLJDWLRQXVLQJWKH$PHV¶VPXWDJHQ
icity test it was determined that number of the revertant colonies was much lower than the negative
control or no growth occurred in Ames mutagenicity
assay using TA100 strain of S. typhimurium in the
sediments from the shipbreaking shipyards area
(Stations #5 and #6). The concentrations were observed to be toxic based on $PHV¶VPXWDJHQLFLW\FUL
teria [22] (Table 1; Figure 2).

situations: when number of the histidine back-revertant phototrophs at least double that of the spontaneous revertants and when the number of back-revertant colonies is less than 2 times of spontaneous
revertants but the number should show a dose-dependent increase [21].
For TA100
100.6±13.4 (114-87.2)x 2=201.2±26.8= (228-174.4)
For TA98
29.6±2.3(64.2-54.6) x 2=59.2±4.6= (64.2-54).

DISCUSSION AND CONCLUSION
The present study suggested that sediment of
the Aliaga Bay possess direct base-pair mutagenicity
in the sampling stations #3 and #4. Values close to
weak mutagenicity were observed on the Station 3#
and #4, meaning that the number of revertant colonies of TA100 strain of S. typhimurium exceeded 1.5
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FIGURE 2
The number of TA98 and TA100 revertant colonies of the stations.
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not studied. Furthermore, no special method was utilized to extract the PAHs in the sediment samples
[18, 8, 28]. It was considered that it was required to
elaborate the current study with S9 microsome and
PAH extraction.
Genotoxic effects of the pollutants form Aliaga
Bay were examined using micronuclei (MN) assays
as well. Arslan et al. 2015 reported that frequency of
MN in peripheral blood cells and gill cells of Pagellus erythrinus, Diplodus vulgaris, Serranus caprilla,
Boops boops, and Solea solea collected from study
area was found to be at high level in the polluted site
[32]. This conclusion supports the results of the current study.
This mutagenicity study is preliminary investigating of Aliaga Bay and this type of studies are important in predicting the primary mutagenic effects
of water and sediments, contaminated by industrial
and urban drainage, on living organisms [34]. Although the sediments from Aliaga Bay were found to
be contaminated by mutagenic and toxic substance
at some stations additional experiments should be
performed using rat liver homogenate (S9) in order
to determine the genotoxic potentials of metabolized
pollutants in mammalian systems.
In conclusion, it is obvious that the sediment
quality condition of the area needs to have serious
initiatives considering that Aliaga Bay has been polluted by mutagenic and toxic pollutants and impact
of this pollution on the organisms living on the area
and consequently on human health indirectly. Largescale bio-monitoring programs and additional investigations for PAHs and heavy metals as well as the
other chemical compounds from shipbreaking area
involving water, sediment and living organisms from
Aliaga Bay and vicinity are needed.

Accordingly, it required to trigger of the mutagenic potential of the sediment from Aliaga Bay for
the first time. As well known, TA100 strain of S.
typhimurium is used to detect the mutagens causing
alterations in base-pairs of the DNA chain while
TA98 strain is used to detect the mutagens causing
frameshift mutations [20]. TA98 strain is rather sensitive to the PAH derivatives (i.e. benz(a)anthracene,
7-ethylbenz (a)anthracene) [23]. TA100 strain, on
the other hand, is rather sensitive to the compounds
causing alterations in the base-pairs such as acridine
dyes, nitrous acid, hydroxylamine, alkylating agents,
aldehydes, hydroperoxidases, aromatic amines, benzydine, toluidine, and dianisidine [24]. Aliaga Bay
was shown by the present study to be polluted by the
mutagens against which TA100 strain of S. typhimurium were sensitive (causing base-pair alterations).
Greenpeace in 2002 revealed that sediment
samples
taken
10
kilometres
https://www.youtube.com/watch?v=0XwifSSQTKs
away from the shipbreaking facilities in Aliaga Bay
was contaminated with asbestos, mineral oils, heavy
metals, PAHs, naphthalene, anthracene, fluorathene,
pyrene, benz(a)anthracene, chyresene, benzo(k)fluoranthrene, benzo(a)pyrene, benzo(ghi)perylene, indeno (1,2,3 cd pyrene), PCBs, and organotin compounds. Analyses have proven that burning the cables from the discarded ships caused very toxic dioxins to form. Levels of almost all chemicals were
above standard limits in European Union as well as
those in the Netherlands, being an important indicator of the fact that sediments of the Aliaga shipbreaking facilities were heavily contaminated [25].
Polycylic aromatic hydrocarbons (PAHs) and
aliphatic hydrocarbons in the sediments of the Aliaga Bay were examined to evaluate the environmental risk assessment from PAH contamination in
2009-2010. The aliphatic hydrocarbons and PAHs of
diagnostic ratios were shown to be mainly petroleum-originated and pyrolitic contaminations, respectively. The TEL/PEL analysis suggested that
Aliaga sediments were likely to be contaminated by
acutely toxic PAH compounds. It is concluded that
the highest aliphatic hydrocarbons and PAHs concentrations depend on shipping activity, shipbreaking industry, steel works (iron smelters and roller
mills) and petrochemical complex [26-30].
Technically TA 98 strain of S. typhimurium indicate and sensitive to the occurrence of PAH in the
media [31]. In our study, values for all stations in the
mutagenicity assay using TA98 strain of S. typhimurium were found to be close to or below negative
control but no mutagenicity was observed (Table 2).
Of interest, presence of the PAHs was determined by
other studies although no mutagenicity was found in
our study. But our study was a preliminary one with
$PHV¶V WHVW ZLWK 7$ VWUDLQ DLPLQJ WR GHWHFW WKH
direct mutagens. For this reason, S9 microsome
ZDVQ¶WDGGHGDQGHIIHFWVRIPHWDEROLFSURGXFWVZDV
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Traditional plant pattern is time consuming and
has a low degree of accuracy. Satellite imagery has
long been used to determine land use and plant cover
[1]. Traditional satellite imagery cannot show the expected performance in many applications because of
their lack of sufficient resolution even though they
are featured with revisit time capabilities in large areas. In recent years, unmanned aerial vehicles has
become widespread because of use of fast, frequent,
in short time revisit capability, high-resolution, lowcost and long-life [2]. Especially with the development of low-cost GPS systems (which allow the
electronic vehicle to fly on a previously defined
route), commercial UAVs have become more involved in the market [3].
UAVs are called remote controlled aircraft
(ROA), model helicopters or simply drone. Generally, UAVs designed differently according to body
design and wing types are classified according to
weight, payload, longevity, range, motor type, maximum altitude and speed [4].
UAV's are equipped with different photogrammetric systems such as GNSS / INS, barometric, altimeter and compass systems, depending on their
transport capacities, are being used as can be used
mapping platform. Applications such as vegetative
health monitoring, precision agriculture, urban agriculture, urban forestry, emergency management, biological and traffic monitoring can be performed
with this type of equipment [5].
Until now, many studies have been carried out
such as mapping infectious disease landscape [6],
measurement of environmental toxins and pollutants
[7], water resources management [8], to determine
canopy fluorescence to indicate crop water stress in
vineyards [9], landscape change detection with multi
temporal data [10], remote sensing of vegetation
with multispectral and thermal images [11], water
stress detection [12], low-weight multispectral sensor integration with micro UAVs [13], precision agriculture [14] and rangelands field monitoring [15]
by using UAVs.

Since the introduction of our lives, Unmanned
Aerial Vehicles (UAVs) have been used for a variety
of purposes in a variety of professions such as agriculture, forestry, industry and mining. Their superiority, such as high resolution, frequent measurement
range, and relatively low cost compared to other remote sensing technologies, increase their chances of
being used in agricultural areas.
The aim of this study is to determine the crop
pattern of the irrigation network using a drone
equipped with the imaging system and to transfer
this information to the parcel information system.
Crop pattern was determined by UAV imaging, was
processed in layout sheet of irrigation scheme and it
was determined which channels served these parcels.
In this respect, tried to help for irrigation management has tried to determine what channels work in
the network and how much. Thereby determining
water distribution activities accordingly and trying
to help protect the water resources that are already
inadequate. Unmanned aerial vehicles (UAVs), imaging technology, flight times, payloads, and data
transfer speeds seem to have tremendous potential in
carrying out such and similar studies.
%$ 
UAV, remote sensing, GIS, Irrigation,

!"!
Irrigation is at the forefront of the agricultural
inputs used to provide food security due to increased
population, pollution and industrialization. In order
to be able both of collect irrigation service fees correctly and completely in the irrigation networks and
to know product quantity-quality to be presented to
the market, the plant pattern should be determined
correctly, quickly and economically in the irrigation
schemes.
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&8&&(59.7.8.32. Parrot Sequoia multispectral
camera was used to capture images. It is ultra-precise
agricultural camera that compatible with every
drone. It is only 108 g and capturing 16 MP RGB
image. It is also capture Near Infrared and Red edge
bands. The camera was bundled with an irradiance
sensor to record light conditions in the same spectral
bands as the multispectral sensor. ISO value and exposure time was set to automatic. Every image capture setting is saved in a text metadata file. All this
information is taken into account during the preprocessing stage to obtain absolute reflectance values
for the final product [16]. Images captured 75 m
above the ground between 10 am-3 pm between
May-October 2017. The images were acquired at approximately 70 overlapped and 70 side lapped. Image capturing were made in sunny and low wind conditions.
The camera was placed onboard the DJI 600
Matrice Pro multi-rotor aircraft (Fig. 1). The DJI 600
Matrice Pro, an industrial product, has 6 rotors with
a 35 minutes average flight time. The airframe is
equipped with the latest DJI technologies, including
the A3 Pro flight controller, Lightbridge 2 HD transmission system, and intelligent batteries and battery
management system. The M600 Pro has an extended
flight time and a 5km long-range transmission.

The purpose of this study is determine the plant
pattern by using of aerial images in irrigated areas
and to transfer the crop pattern of irrigation area to
the GIS environment for create a database. With this
study, crop pattern of Temrezli irrigation system is
located in Thrace region of Turkey tried to determine
by using UAV. This crop pattern belonging to the
irrigation system will be transferred to a database
created in ArcGIS 10.2 desktop, which will then use
as a base layer for the database creation future years.
Thus, with such studies, irrigation management will
be able to help to gain knowledge on the issues such
as which channels are experiencing intensity within
the system and which channels should be operated
more precisely.


! ! 
Temrezli irrigation area is located in Tekirdag
Province in Turkey. The study once is located between longitude N 27004’28’’E and 27004’28’’E, latitude 410 18’17’’N and 410 17’17’’ N. The wheat,
sunflower, corn, slaughtered corn, sugar beet, alfalfa
and paddy are grown predominantly in the project
area. Project area is managed by Temrezli irrigation
cooperative is approximately 211 ha wide.

" 
&6638 *593.&(&1*6&
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Flight plans were implemented with Drone deploy
software (Fig. 2). Drone Deploy is ability to handle
the basic features of the UAV by connecting to the
DJI Matrice 600 Pro over Wi-Fi. Accordingly, the
flight time for the selected study area is automatically calculated depending on flight height, overlap
amount and speed. The research area is divided into
5 flight zones with taking into account flight safety.
Before the UAV was launched, flight plans regarding the actual geographical condition verified by doing a pre-flight field survey. On the other hand, at
least 10 ground truth data, for all eight crop species
(sunflower, rice, clover-meadow, sugar beet, maize,
wheat and vegetable-watermelon) were collected.
This location marked with hand type GPS used identification of crop species.




1&,*463(*77.2,The first phase of the image
processing involves selecting images to be used during mosaic rendering [17]. After the relevant images
were selected, Erdas Imagine UAV software was
used for mosaic. Imagine UAV is a specially developed program for processing images from UAV. The
program is capable of performing all photogrammetric operations measured during flight. The program
offers opportunity to make cloud, mesh, texture,
DEM and finally orthomosaic both step by step and
batch process [18]. No local control points were used
in the Mosaic process. The program automatically
calibrates the characteristics of the Parrrot Suquoia
camera placed on the UAV.

*8*61.2&8.32 3+ 634 &88*62 In many
cases, visual image interpretation remains the most
accurate method to discriminate and characterize
cropping patterns [19]. Because of the relatively
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Thrace region. It was seen that Vegetable-Watermelon and Maize were planted in very small areas.
But, aftercrop maize was determined grown in much
more area than primary maize.

small study area and high resolution captured images
from UAV, crop classification has done by visual interpretation [20].

&8&'&7* (6*&8.32 Scanned layout plan of
Temrezli irrigation scheme is the digitized in
ArcGIS program and crop pattern data at five test
sites manually imported to this feature class with the
help orthomosaic image (v. 10.2 Esri Inc., Redlands,
USA). Vegetation identification at seven class (sunflower, rice, clover-meadow, sugar beet, maize,
wheat and vegetable-watermelon) was performed.

! 
908.:&8*)(634&2)8-*.6).786.'98.327.28-*
.66.,&8.32&6*&
6347
6*&)& 6*&
Sunflower
773.2
36.6
Rice
145.3
6.9
Clover- meadow
78.5
3.7
Sugarbeet
85.5
4.1
Maize
31.5
1.5
Wheat
991.7
47.0
Vegetable-watermelon
6.0
0.3
!38&0
2111.9
100

 "! 
In the first phase of the study, in 2017, approximately between 600-1000 aerial images were taken
at each flight from 5 different test areas. The flight
height was determined to be 75 m high above the
ground. As a result of the analysis of the aerial images, high resolution images of each test area were
obtained. Figure 3 shows the orthomosaic image of
the study area. Since the obtained high-resolution orthomosaic image provides very detailed data, plant
pattern was determined by visual interpretation. [21]
mentioned that importance of image resolution in
visual image interpretation of agricultural fields.
[22] stated that aquatic vegetation mapping based on
visual interpretation yielded more species-specific
information compared to automated classification.
[23] emphasized that insufficient spatial resolution
has been pointed out as a major limitation for species-level identification.
Vegetation mapping which was digitizing the
UAS ortho-images was performed manually by a
specialist in a GIS using ArcGIS 10.2 (v. 10.2;
ESRI). Vegetation species for 2017 was transferred
to the previously prepared a feature class by using
the orthomosaic image, (Fig. 4). It was noticed that
more than one crop variety was detected in some parcel in the study area. It is estimated that is due to field
parcels were divided among the children despite
there is no officially division.
Irrigable crops (rice, clover-meadow, sugar
beet, maize and vegetable-watermelon) were marked
in the ArcGIS software so the channels and their
locations serving these plots were determined.
According to this, it is seen that the most water used
channel was found as A1 channel in the irrigation
network. Especially A1 and A2 channels were
determined that serving to rice planted plots. Apart
from this, it is seen that the sugar beet plots were
water supplied from A channel.
In total seven crop species could be recognized
visually from the UAV-images (Table 1). Vegetation
mapping showed that research area dominated wheat
and sunflower as 47% and 36.6% respectively. [24]
stated that Sunflower and Wheat plants have entered
into rotation alternately in agricultural areas of



" 
At the end of the study, it has been shown that
sub-decimeter high-resolution orthomosaic can be
obtained in large areas by using images obtained
with UAV. Imagine UAV have shown quite successful performance in creating point clouds and orthomosaic.
Crop pattern of the irrigation scheme located in
the study area can be easily determined by visual interpretation using the obtained orthomosaic, by
means of fast, accurate and short time reproducible
images. In addition, a database was created in the
ArcGIS program with the information obtained from
orthomosaic. In this way, irrigation management can
determine which channels work and how much
working. Thereby helping to preserve water resources that are already inadequate by determining
water distribution activities accordingly. In addition,
the areas where the maintenance services carried out
in the scheme should be concentrated are also determined on this way.
$! 
This study is derived from thesis of Ugur Evrim
ÖZDEN who is MSc student in Namık Kemal University Graduate School of Natural and Applied Sciences. Also, this research was supported by General
Directorate of State Hydraulic Works Research-Development Projects Unit under the project no: 20171.
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ABSTRACT
This paper identifies the trends and the magnitudes of change in climate indices in the Eastern
Anatolian region of Turkey during 1965-2015 by
using monthly data from 25 stations, including
mean air temperature, rainfall, maximum snow
depth, snow days, duration of snow covered
ground, relative humidity and wind speed by considering the altitudinal factors (A11500m,
A2>1500m zones). The procedure utilizes the
Mann±Kendall non-parametric test to determine
VWDWLVWLFDOO\VLJQLILFDQW S WUHQGV6HQ¶VVORSH
estimator to detect the magnitude of the change and
the Pearson's coefficient to measure the correlation
of climate indices. The application of the trend
detection technique to temperature has yielded the
identification of significant increasing trends for
most of the region with the average magnitude of
2.02, 1.63, 1.44 and 0.75 Ԩ during a period of
51years for the winter, spring, summer and autumn
seasons respectively. However, almost no evidence
of significant change was experienced despite a
decrease in the rainfall. For the snow days, the
duration of snow covered ground and maximum
snow depth were statistically decreased by 13.75
days, 14.41 days and 16 cm during the 51 year
period for the winter. Furthermore, the relative
humidity and wind speed data reflected an overall
decreasing trend observed for each season. The
correlation analysis of the climate indices has indicated that there is a high negative relationship between the mean temperature and snow indices for
both altitude zones (higher in the lower). Sites located at lower altitudes differ from those at higher
elevations for rainfall and temperature correlations,
where at lower altitudes; colder years tend to be
wetter. The significant negative correlation between
relative humidity and temperature has been revealed, as expected, in both altitude zones due to
the limited water supplies in the current study area.
The trends of climate indices reflect the active role
undertaken by climate change in the region revealing an evident relationship between altitude and
climate change. Consequently, we attempted to
introduce the magnitude of climate change for its
use in the mitigation and future adaptations in further studies.

INTRODUCTION
Nowadays it is unequivocal that climate
change initiates a fundamental challenge to global
prosperity, with a severe potential on regions already suffering water scarcity. In this context, agriculture and food security are threatened at the global, regional, and local levels [1]. Turkey, located in
the eastern parts of the Mediterranean Basin, is one
of the most vulnerable regions to climate change, as
identified by the fourth Assessment Report of the
Intergovernmental Panel on Climate Change [2],
which is an agriculture-based economy. Climate
change impacts enhance the already difficult water
management and agricultural challenges in the
Eastern Anatolian region of Turkey, which possesses the source of the rivers that provide water for
many countries in the historically and geopolitically
significant Near East. The territory comprises the
headwaters of the Euphrates and Tigris where even
relatively minor modifications of the climate may
lead to striking changes on the streamflow of the
rivers and in turn the various natural and socioeconomic sectors. The high elevations of the region are
responsible for the distinctly enhanced precipitation
and thick snow cover in the winter, which melts in
the spring feeding the rivers. The water is held in
the dam reservoirs to generate electricity and irrigate cultivated fields in the area. Thus, detecting the
historical trends in climate enables us to understand
the influence of climate change on the water resources and agriculture. The magnitude of change is
regarded as critical to assessing and developing
strategies for managing and mitigating the impacts
of climate change on local communities [3]. Without doubt, the trend analysis of climatic indices will
play a significant role in the future development and
sustainable management of water resources and
agriculture in the Eastern Anatolian region of Turkey. In addition to this, the sound detection of these
trends would be critical for developing confidential
decision support tools for water resources and agricultural management techniques.
Despite the available information on climate
trends stored in the archives of the State Meteorological Office, there is no definite guidance or re-
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affects the rates of evaporation and humidity
transport. Thus, these climatic parameters could
have serious effects on water resources and therefore the trend analysis is required in the current area
for further decisions. In addition to this, the last
three decades has been consecutively warmer at the
(DUWK¶V VXUIDFH WKDQ DQ\ SUHYLRXV GHFDGH VLQFH
1850. In the Northern Hemisphere, the period of
1983±2012 was likely the warmest 30-year period
of the last 1400 years [16]. According to this rePDUNLW¶VVXEVWDQWLDOWRHYaluate the recent decades
in the climate research studies to detect the trend
and the magnitude of change accurately.
Consequently, the objective of this paper is to
identify changes through time in the seasonal mean
temperature, rainfall, duration of snow cover
ground, snow days, maximum snow depth, relative
humidity and wind speed from 1965 to 2015 (51
years) for twenty five meteorological stations. In
this respect, the climate-altitude relationships were
analyzed in the Eastern Anatolian region of Turkey
by the use of the nonparametric Mann-Kendall rank
correlation test and the detection of the magnitude
of the change by the Sen¶V Slope estimator together
with the spatial distributions of the trends of the
climate indices. Furthermore, a determination of
correlation coefficients for climatological data has
been executed in order to emphasize the interrelationships between seven climate parameters.
These approaches may help us to understand the
regional interpretation of locally recorded changes.
Moreover, determining the alteration of the snow
indices under climate change is sought to bear an
important role in sustainable water resources planning and management under a continental climate.
Therefore, results from this study will provide important information for further studies on climatic
change, water resources and agricultural management in the area under study.

search conducted on the data of the Eastern Anatolian region. Some previous studies that did not
include the data of the last decades were concerned
upon the trends of the surface climatic variables,
namely the temperature and rainfall patterns [4].
)RU H[DPSOH 7UNHú HW DO [5] used various nonparametric tests to identify abrupt changes and
trends in the long-term mean temperature of both
individual stations and geographical regions in
Turkey during the period 1930±.DGÕR÷OX[6]
examined trends in the mean annual temperature
records during the period 1939±1989 in the eighteen stations across Turkey. Partal and Kahya [7]
detected the trend of rainfall records at 96 stations
by using the monthly total precipitation variables
from 1929 to 1993. Tayanç et al. [8] evaluated the
temperature and precipitation data trends of 52
Turkish meteorological stations from 1950 to 2004,
where only four stations were located in the Eastern
Anatolian region. TopalR÷OX DQG g]ILGDQHU [9],
identifies trends in monthly precipitation totals
across Turkey for a 30-year period (1968-1997).
0RUHRYHUùHQVR\HWDO [10] conducted temperature
and precipitation analyses on the data obtained from
109 stations in Turkey from 1960 to 2010, to detect
the change in the number of the summer days,
warm days, warm nights, frost days, cool days and
cool nights. However, the snow parameters, the
wind speed and relative humidity data lacking the
trends of the last decades have been comparatively
insufficiently discussed or analyzed in the study of
the changes in climate indices as a function of station elevations. Many studies focused on global
mountainous regions reveal the effect of climate
change in elevated zones; however, such studies
that indicate the climate change sensitivity in the
elevated zone are insufficient, particularly considering the regionally elevated districts [11]. After all,
the altitude dependency of the surface climatechange evidence is substantial for several reasons.
An enhancement of high-altitude alteration in surface climate would state greater impacts on highaltitude ecosystems and hydrologic systems. Amplified reaction at high elevations could be evaluated
as an early climate-change perception tool and the
capability of reproducing the altitude dependency of
the climate-change signal could supply a significant
aspect of model verification [12, 13]. In this regard,
the altitude factor must be considered in climate
change studies together with the winter snow parameters as the rapid changing climate indices under the posed climate changes [2]. The snow days,
depth and duration of the snow covered ground are
of special importance to upland ecosystems [14]
just as the Eastern Anatolian region. Relative humidity controls the hydrological processes, including precipitation, condensation, and evaporation
and surface energy budgets [15]. Furthermore, wind
speed via increased temperatures could change and
therefore changed wind alters the surface water that

MATERIALS AND METHODS
Region of Study and Climate Data. Turkey
is separated into seven geographical regions and is a
large peninsula surrounded by the Mediterranean
Sea in the south, the Aegean Sea in the west, and
the Black Sea in the north. The climates of these
regions vary because of their irregular topographies
[17]. The mountainous Eastern Anatolia with an
undulating topography is the largest region occupying 21% of the total area of the country with its
163.000 square kilometers of undulated high lands.
The area is bordered by Georgia, Armenia, Azerbaijan, Iran and Iraq on the east (Figure 1). Eastern
Anatolia has a hard continental climate with long
winters and short summers. During the winter, it is
cold and snowy, during the summer the weather is
cool in the highlands and warm in the lowlands.
The annual rainfall varies from 500 and 600 mm
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FIGURE 1
Geographical and altitudinal distribution of the 25 meteorological stations over Eastern Anatolian Region.
(~1800m) respectively. Alfonso et al. [24] estimated a threshold elevation of ~1560 m which is robust
under a range of assumed atmospheric lapse rates.
Consequently, the locations below (above) are the
main drivers of the evaluation of climate change
effects.

and the annual average air temperature ranges approximately from 6.6 Ԩ to 16.7 Ԩ. The high winter
snow and spring rainfalls are bound to the main
precipitation sources of the moist air masses of the
Atlantic Ocean and the Mediterranean Sea [18, 19].
The data used consists of the monthly time series of near-surface meteorological variables observed at 25 meteorological stations from the State
Meteorological Office of Turkey, including: the
mean air temperature Ԩ), rainfall (mm), snow days
(days), duration of snow covered ground (days),
maximum snow depth (cm), relative humidity (%)
and wind speed (ms-1). The main considerations for
selecting these stations were the following: spatial
distribution of the stations across the region; availability of the longest possible records within the
period of 1965-2015 and completeness of the records without missing data points.
Furthermore, recent studies suggest a more
sensitive response to climate change at higher elevations at a worldwide scale [20, 21, 22, 23]. In this
regard, we attempted to assess the elevation dependence of climate change effects on meteorological data, and subsequently, the meteorological stations were classified via their altitudes as the A1
(<1500 m) and A2 (1500 m) zones. The A1 zone
constitutes 11 and the A2 zone constitutes 14 stations with altitudes ranging from 808m to 1425m
(average altitude of ~1100m) and 1565m to 2400m

Methodology. The Mann-Kendall (MK) nonparametric test has been widely used to assess the
significance of trends in hydro-meteorological time
series [9, 25, 26]. This approach needs few assumptions for the data, especially concerning their distribution. The Mann-Kendall test is based on the null
hypothesis that a sample of data is independent and
identically distributed, which means that there is no
trend or serial correlation among the data points.
The alternative hypothesis is that a trend exists in
the data [27]. The trend test is applied to the data
series xi ranked frRPL «Q-1, and xj is ranked
IURPM L«Q(DFKGDWDSRLQW[i is used as a
reference point and is compared with all other data
points xj such that
(1)

The MK test statistic S is calculated as
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RESULTS AND DISCUSSION

(2)
where n is the length of the data set. The staWLVWLF 6 ZKHQ Q   LV DSSUR[LPDWHO\ QRUPDOO\
distributed with the mean and the variance given by

Trends and the magnitude in seasonal temperature series. The seasonal mean temperature
trend assessment results obtained by the MannKendall test and the magnitude of trend changes of
the twenty five meteorological stations of the Eastern Anatolian Region that were calculated by the
QRQSDUDPHWULFPHWKRGRI6HQ¶VDUHVKRZQLQ7DEOH
1. Over the period of 1965 to 2015, the MannKendall test confirmed the occurrence of stronger
warming trends for the all stations, whereas only
the BitOLV DQG (UFLú VWDWLRQV KDYH VKRZQ LQVLJQLIicant decreases for the winter and autumn seasons
respectively. The warming trend was significant
with a 95% confidence limit for the summer season
DQGZDVREVHUYHGDWDOOVWDWLRQVH[FHSW(UFLúZKLFK
was positive but insignificant. The average warming of Eastern Anatolia was the highest by 2.15 Ԩ
51 years-1, in the range -0.41 with 3.90Ԩ 51 years-1
at the winter season and the lowest in autumn
(0.92Ԩ/51 years), whereas the spring and summer
mean temperatures tended to be slightly lower than
the winter. The IPCC [29] Third Assessment Report
declared that the largest warming was in the winter
at the extra tropical Northern Hemisphere which
supports the results of this study and the results
indicated by Moreno et al. [30], that the greatest
observed warming was during the winter snow
season, with increases of 0.85 °C decadeí1 from
1969 to 2013 at Svalbard, Norway. The analysis
FRQGXFWHG E\ 7UNHú HW DO. [31], on the data set of
the Turkish mean temperature series of 70 stations
with 9 stations located in the Eastern Anatolian
region, revealed increasing trends from 1942 to
1FRLQFLGLQJZLWKRXUUHVXOWV0RUHRYHU7UNHú
et al. [31] determined a warming trend of 0.36 Ԩ
decade-1 in the winter for the Kars station, whereas
ours is 0.66 Ԩ decade-1. The reason for this could
be the different ending period of the data used that
many studies have proven the occurrence of temperature change in the proximity of 2000s. Moreno
et al. [30] declared that most of observed warming
was due to changes after the year 2000s. The radiative forcing of the climate system has continued to
increase during the 2000s, as was associated with
the increasing Green House Gases [32]. Thus,
changes in radiative forcing produce increased
warming at the surface [33], where this could be the
reason for the enhanced warming. The increasing
warming rates in the recent decades have also been
mentioned by Yan and Liu [34]. The overall study
area annual mean temperature analysis revealed a
dramatic increase of 1.57 Ԩ over the past 51 years.
On the other hand, the trend rate differences between the stations could mainly be explained by the
urbanization level around stations which is also
PHQWLRQHG E\ 7UNHú HW DO. [31]. The observed annual average increase of 1.57 Ԩ 51 years-1 is 2.1
fold higher than the corresponding northern hemi-

(3)
(4)
in which p is the number of tied groups in the
data set, and ti is the number of data points in the ith
tied group. The summation term in Eq. (4) is only
used if data values are tied in the series. The standardized MK statistic Z is computed by

(5)

and follows the standard normal distribution
with the mean of zero and variance of one under the
null hypothesis of no trend in the series. The null
K\SRWKHVLVLVUHMHFWHGLI_=_]1-Į LVDWWKH ĮOHYHO
of significance, where z1-Į is the (1-Į quantile in
the standard normal distribution. A positive Z value
indicates an upward trend, whereas a negative value
indicates a downward trend. A significance level of
5% will be used in the analysis which means that
we are 5% uncertain and, in this respect, it would be
correct to reject the null hypothesis that a trend does
exist in the data set.
Various tests are present for the detection and
or quantification of the magnitude of the trend.
According to the data time series if a linear trend is
detected, the exact slope could be estimated using
an uncomplicated nonparametric method given by
[28] 7KH 6HQ¶V VORSH HVWLPDWRU E\ FDOFXODWLQJ WKH
slope of the line using all data value pairs is determined as follows:
(6)
If there are n values xj in the time series we get
as many as N=n (n-1)/2 slope estimates Qi. The
6HQ¶V HVWLPDWRU RI VORSH LV WKH PHGLDQ RI WKHVH 1
values of Qi. The N values of Qi are ranked from
WKHVPDOOHVWWRWKHODUJHVWDQGWKH6HQ¶VHVWLPDWRULV
J
(7)

In addition, to assess the relationship between
climate indices, the Pearson correlation test was
performed. The correlation among all the indices
was carried out through multivariate methods with
WKHVWDWLVWLFDOSURJUDP-03YHUVLRQZLWK3
0.05 as threshold which means the correlation
would be statistically significant.
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increasing trends were provoked via the increased
altitudes of the stations. MRIEWG [39] similarly
determined that the rate of warming was reinforced
by elevation, such that the higher altitudes were
exposed to more rapid changes in temperature than
the areas at lower elevations. Yan and Liu [34]
investigated the mean warming trends of the Tibetan plateau from 1961 to 2012 using the data of 139
meteorological stations and documented that the
temperature increase rate was enhanced by elevation. Similarly, Beniston and Rebetez [40] and
Rangwala and Miller [41], have stated that global
warming at high elevation sites would be more
pronounced than at low elevations. Furthermore,
Beniston and Rebetez [40] impute their determination of enhanced warming at higher altitudes to the
fact, that high elevation stations are more straightly
in contact with the free troposphere than low elevation ones and so, less affected by ameliorating anthropogenic factors such as urbanization and pollution. In addition to this, the system that supports
elevation-dependent warming could be the interactions of snow albedo, water vapor changes, latent
heat release, surface water vapor, radiative flux
changes, surface heat loss and aerosols which could
be enlightened with further studies.

sphere temperature increase mentioned by the IPCC
[32]. This higher warming in the Eastern Anatolian
Region is not unexpected, considering the continentality of the area compared to the northern hemisphere temperature which is determined by the
oceanic environments as stated by Marty and Meister [35]. They observed a 1.2 fold higher increase in
the Alps (Switzerland) than the northern hemisphere. This enhanced warming in the Eastern Anatolian Region agrees well with what others have
already found in many regions of Europe for the air
temperature series [35, 36]. Therefore, the mentioned warming could stimulate the drying due to
increased evaporation and enhanced over northern
mid-high latitudes [37]. AcFRUGLQJ WR 7RSDOR÷OX HW
al. [38], increasing trends identified in monthly data
have appeared to be all over the Eastern Anatolian
region with the strongest magnitude in April
through June for 1975-2006 period. Thus, LW¶V QHcessary to control evaporative losses especially from
lake and reservoir surfaces for hydrologic processes
as well as for agricultural crop requirements in the
water limited areas as the Eastern Anatolian region.
Furthermore, the annual average trend was detected
as 1.50 and 1.63 Ԩ 51 years-1 at A1 and A2 zones
UHVSHFWLYHO\ ,Q WKLV UHVSHFW LW¶V HYLGHQW WKDW WKH

TABLE 1
The results of the 0.DQG6HQ¶VVORSHHVWimates for seasonal mean temperature (Ԩ
Ԩ).
Meteorological
Stations
A1
Keban(808m)
,÷GÕU(858m)
Malatya(947m)
Tunceli(981m)
(OD]Õ÷(989m)
Palu(1000m)
Bingöl(1177m)
Erzincan(1218m)
0Xú(1322m)
Solhan(1366)
Tercan(1425m)
A1 Average
A2
Malazgirt(1565m)
Tortum(1572m)
Bitlis(1573m)
$÷UÕ(1632m)
Tatvan(1664m)
Van(1670m)
(UoLú(1678m)
Hakkari(1727m)
Kars(1775m)
Ardahan(1829m)
Yüksekova(1877m)
Özalp(2100m)
6DUÕNDPÕú(2102m)
%DúNDOH(2400m)
A2 Average
Total Average

Significance of
MK for seasons
W-Sp-S-A

Ԩ 51 years-1)
Mean temperature 6HQ¶Vslope estimates (Ԩ
W

Sp

S

A

2.17
2.55
2.04
2.27
2.16
2.13
1.45
2.88
1.75
1.28
2.55
2.11

0.59
1.98
1.06
1.07
0.78
0.71
0.61
1.59
2.67
1.28
1.06
1.22

1.53
2.90
2.55
0.95
1.42
1.20
1.01
2.75
2.43
1.35
1.36
1.77

0.57
2.53
1.42
0.11
0.03
0.43
0.01
2.34
1.40
0.06
0.85
0.89

2.25
1.30
-0.41
2.29
0.83
3.68
0.65
2.13
3.40
2.79
3.90
2.92
2.80
2.04
2.18
2.15

2.33
1.01
0.28
2.40
1.40
2.58
0.31
1.70
2.05
2.16
2.87
1.83
1.81
2.04
1.77
1.53

1.18
1.81
1.02
1.70
1.34
2.64
0.11
2.08
1.87
1.51
2.41
1.41
1.70
1.70
1.61
1.68

1.13
0.47
0.03
1.24
0.71
1.96
-0.05
1.17
1.22
1.08
1.44
0.43
1.70
0.68
0.94
0.92

1RWH8SZDUG ǻ DQGGRZQZDUG  ) pointing open triangles indicate insignificant increasing and decreasing trends at the
5% level, respectively. Trends significant at the 5% level (-= DUHPDUNHGE\VROLGWULDQJOHV ŸRUź  W,
Winter; Sp, Spring; S, Summer; A, Autumn
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Trends and the magnitude in seasonal rainfall series. A nonuniform difference in the trend of
the total seasonal precipitations was determined
among the meteorological stations (Table 2). The
insignificant downward (60 times) and insignificant
upward (26 times) trends rather than significant
downward (8 times) and upward trends (6 times)
were obtained for each seasonal data of the stations.
Thus, the results of the analysis documented decreasing trends that were determined to be almost
insignificant for all seasons. The highest number of
insignificant decreasing trends were obtained for
winter (18 times over 25), autumn (15 times),
summer (14 times) and spring (13 times), with the
average decrease of 24.70 mm 51 years-1, 20.22 mm
51 years-1, increase of 3.73 mm 51 years-1 and decrease of 15.08 mm 51 years-1 respectively. Similarly, Tayanç et al. [8], observed a marked number of
insignificant decreases in the station-based precipitations of the studied region. Moreover, coherent
results obtained by Partal and Kahya [7] and TopalR÷OX DQG g]ILGDQHU >@, revealed that the regional
insignificant increase occurred in the summer and
the global land values of rainfall after 1950 reflected a slight overall decrease for this time period [33].
Annually the averaged total rainfall decreased by
56.28 mm 51 years-1 in our study area, where it

decreased at 19 stations and increased in 6 stations
ranging from -225.34 mm 51 years-1 to 214.22 mm
51 years-1. The IPCC [32] declared that the observed precipitation change, from 1951 to 2010 in
the Eastern Anatolian region ranged from -5 mm in
1951 to -10 mm decade-1 in 2010, similar to the ~11 mm decade-1 level of this study. Decreasing
trends in precipitation were also determined in
some recent climatic studies undertaken in Turkey
[42, 43]. In this respect, as NASA [44] indicated,
WKHULVLQJWHPSHUDWXUHVZLOODIIHFWWKH(DUWK¶VZDWHU
cycle by increasing evaporation, the subsequent
storm events and in turn promote drying over some
land areas. Consequently, areas located farther from
the storm pathways are likely to be exposed to lower precipitation and enhanced risk of drought like in
the areas of the Eastern Anatolian Region [44]. In
contrast to our results a number of studies undertaken in Turkey revealed that the regional trends in
total precipitations were increasing in Turkey [9,
45]. This discrepancy on the outcomes was stated to
critically depend on the time periods and also the
different datasets used in those studies by Trenberth
[33]. Moreover, similar results were obtained in
different parts of Europe like in Italy documenting
that the total precipitation in the 20th century

TABLE 2
7KHUHVXOWVRIWKH0.DQG6HQ¶VVORSHHVWimates for seasonal rainfall.
Meteorological
Stations

Significance of MK for seasons

5DLQIDOO6HQ¶VVORSHHVWLPDWHV PP1 years-1)

W-Sp-S-A
A1
Keban
,÷GÕU
Malatya
Tunceli
(OD]Õ÷
Palu
Bingöl
Erzincan
0Xú
Solhan
Tercan
A1 average
A2
Malazgirt
Tortum
Bitlis
$÷UÕ
Tatvan
Van
(UoLú
Hakkari
Kars
Ardahan
Yüksekova
Özalp
6DUÕNDPÕú
%DúNDOH
A2 average
Total Average

W

Sp

S

A

-32.54
-10.20
-0.81
-69.08
-19.47
-112.79
-29.22
-10.35
-9.07
-15.67
-49.87
-32.64

-70.30
35.70
-63.93
-48.67
-57.97
-61.60
-61.78
16.24
-10.54
-49.63
-30.60
-36.64

-5.61
9.07
-7.30
-3.03
0.51
-3.55
6.19
-5.75
15.30
12.75
-12.55
0.55

-7.42
6.30
-7.14
-18.21
14.45
-47.40
-15.00
14.34
-33.15
-44.01
0.01
-12.48

-7.92
-41.08
-103.02
-47.41
-30.60
18.70
-48.17
-18.13
21.68
35.37
47.94
-17.36
-22.95
-45.58
-18.47
-24.70

60.96
-16.57
-64.60
19.67
41.58
7.14
-41.62
-73.10
54.02
62.55
31.36
-14.59
-18.36
-22.35
1.86
-15.08

-17.49
-8.74
10.43
7.65
-0.59
6.42
-14.45
7.65
61.77
83.06
1.02
-17.98
-28.56
-2.98
6.23
3.73

-52.02
-39.14
-28.72
-21.25
-66.63
2.83
-79.26
-42.99
20.40
33.24
-1.51
-7.37
-39.10
-46.83
-26.31
-20.22

1RWH8SZDUG ǻ DQGGRZQZDUG  ) pointing open triangles indicate insignificant increasing and decreasing trends at the
5% level, respectively. Trends significant at the 5% level (-= DUHPDUNHGE\VROLGWULDQJOHV ŸRUź  W,
Winter; Sp, Spring; S, Summer; A, Autumn
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warming of 0.68±0.88 Ԩ together with the number
of days with snow cover during winter, mostly
depends on the seasons temperature [49]. In this
regard, the recent warming trends determined in this
study are most likely causing early snow melt in the
area, which can be observed in the stream discharges of the Euphrates and Tigris as they start to rise
earlier in response to this event. Sen et al. [52] and
Yücel et al. [53] evaluate the discharge data in the
region and state that the peak discharge timing has
already shifted 7 to 10 days earlier which is coherent with what we indicate. Furthermore, stronger
decreasing trends at lower elevations were detected
as -17.61 and -9.69 day 51 years-1 for A1 and A2
zones respectively. In conformity with our results,
Brown and Mote [50] documented approximately 25%, and -10% decreases in snow cover duration
for 1000< and <1500m altitude zones respectively.
Moreover, the impact of temperature tends to decrease with altitude estimated at a threshold elevation equal to ~1400 m on snow parameters for the
Swiss mountains [54].
The maximum snow depth determined as insignificant downward (17 times) and significant
downward (7 times) rather than insignificant upward (1 times) was obtained for twenty five stations. The average maximum snow depth of the
winter, as supported by the IPCC (2014), decreased
by -11.98 cm 51years-1 at a range of 0.55 to -57.10
cm 51 years-1. This outcome ties well with the highly confident data obtained by the IPCC [32] that
stated the extent of the Northern Hemisphere snow
depth to have decreased since the mid-20th century
by 0.8 to 11.7% per decade, over the 1967 to 2012
period. Furthermore, the maximum snow depth is
likely foreseen to decrease by 5.6 cm per degree of
warming in this study. These results agree with the
conclusions of Moreno et al. [30], that the sensitivity analysis indicating peak snow depth will decrease by 10.2% (winter) per degree of increased air
temperature at the Svalbard Archipelago in the
Norwegian Sea. Thus, based on the abundant evidence obtained in the recent decades, there is no
doubt that climate change has had a great effect on
snow depth also in the Eastern Anatolian Region of
Turkey. Snow depth takes on special significance in
mountain regions where snow contains huge quantities of water and the diminishment of depth could
alter the major volume of the peak annual river
discharge [55], in turn affecting agricultural and
energy production [56]7RSDOR÷OX[57] determined
that the monthly instantaneous stream flows of the
6 stations in the Eastern Anatolian region were
significantly decreased during the period of 19681997. This was exhibited by the decreasing trends
of all months and especially of March (0.135 m3s-1),
June (0.136 m3s-1), July (0.095 m3s-1), August
(0.131 m3s-1), September (0.068 m3s-1) and October
(0.054 m3s-1) and may be attributed to the snow
depth decrement that is mentioned in this study.

had decreased by about 5% in the north and by
about 15% in the south of the country [46,47]. Furthermore, according to the altitude zones the total
annual trend was detected as -81.21 and -36.68 mm
51years-1 DW $ DQG $ ]RQHV UHVSHFWLYHO\ ,W¶V
evident that even insignificant trends, decreased
parallel to the increasing altitudes of the stations.
This may be due to the larger fraction of snowfall
and stronger winds influencing the trend rate of
precipitation changes via elevation as stated by
Giorgi et al. [12]. Consequently, it is prominent that
an enhanced temperature could usually be anticipated to cause an increase in global precipitation.
However, regional rainfall changes are regulated by
alterations of the large-scale circulation features
such as the extreme winds causing shifts in regional
rainfall patterns. This can lead either to increases or
to decreases in regional rainfall [12], which are
predominant as insignificant downward trends in
the study area.
Trends and the magnitude in winter snow
days, duration of snow covered ground and maximum snow depth series. The trends of the snow
days for the winter season of the study area were
detected as downward insignificant (13 times) and
significant (12 times) (Table 3). The average snow
days of the winter season decreased at a rate of 14.76 day 51years-1 from -0.01 day 51 years-1 to 22.86 day 51 years-1. These results were also confirmed by Laternser and Schneebeli [48] via the
statistically significant decrease of snow days from
early 1980 towards the end of the century in the
Swiss Alps. This trend of lesser snow days becomes
more prominent with decreasing altitude. According
to the altitude zones the winter average trend was
detected as -17.64 and -12.50 day 51years-1 at A1
and A2 zones respectively coinciding with the outcomes of Laternser and Schneebeli [48].
The duration of the snow covered ground was
obtained as downward significant (21 times) and
insignificant (4 times) for each station. The decrease in the duration of days with snow cover
which coincides with our results was recorded in all
Lithuanian meteorological stations during the period of 1961-2015 [49]. The average duration of the
snow covered ground of the winter decreased by 13.17 day 51 years-1 ranging from -0.01 day 51
years-1 to -26.78 day 51 years-1. The duration of the
snow covered ground is closely controlled by air
temperatures at the start and end of the snow cover
season [50]. In this respect, warming can reduce
snowfall days, and cause earlier melts and shorter
durations of snow covered ground [51]. Therefore,
for each 1 Ԩ rise the approximate decrease is 6
days of duration of snow-covered ground in winter
at the Eastern Anatolian Region. This supports the
hypothesis set up by Brown and Mote [50], stating
that a significant reduction in snow cover duration
emerging at some regions of Canada for an annual
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Kirchner et al. [60] LQWURGXFHGWKDW ³D UHGXFWLRQ LQ
precipitation from upslope lifting, and/or the depletion of precipitable water from raised air mDVVHV´
might be the reason of the snow depth±elevation
relationship. In the present study area the relative
humidity is lower at the A2 zone compared to A1.
Similar negative dependencies of elevation and
amounts of snow were also identified by Turcan
[61] and Holko [62] for the Low Tatra Mountains
(Slovakia). Both studies report positive elevation
gradients of snow below the tree line and a distinct
decrease of snow storage in the high lands. They
explain this case by wind exposure redistributing
the snow from the higher elevations to the upper
forest boundary area. This statement risen by Turcan [61] and Holko [62], may be the reason of the
enhanced decrement of the snow depth via altitude
developing by the higher wind speed at the A2 zone
compared to A1.

Zhang et al. [58] indicated similar comments that
the annual maximum daily streamflow, particularly
those in large basins, generally associated with
snow depth appeared to be decreasing where temperature was rising. In addition to this remark, Burn
and Elnur [59] indicated the similarities in trends
and patterns in the hydrological variables and in
meteorological variables at chosen locations in
Canada. Moreover, stronger decreasing trends at
higher elevations were detected as -9.68 and -13.80
cm 51 years-1 for the A1 and A2 zones respectively
in contrast reflecting the duration of snow covered
ground and snow days. This altitude-snow depth
trend relation could be explained by the Kirchner et
al. [60] analysis related to the elevation gradients of
snow depth of the mountain catchments in the
Southern Sierra Nevada of California. The outcome
of this analysis was the significantly positive elevation gradient that decreased in the higher elevations.

TABLE 3
7KHUHVXOWVRIWKH0.DQG6HQ¶VVORSHHVWimates for winter duration of snow covered ground, snow days
and max. snow depth.
Meteorological
Stations

Significance of MK for
snow indices
Sd-Dsc-Msd

6QRZ3DUDPHWHUV6HQ¶VVORSHHVWimates
Snow Days
(days 51 years-1)

Duration of Snow
covered Ground
(days 51 years-1)

Max. Snow Depth
(cm 51 years-1)

A1
Keban
-13.16
-16.20
-7.79
,÷GÕU
-21.33
-23.80
-5.67
-18.79
-14.76
-6.65
Malatya
Tunceli
-22.86
-18.75
-12.95
(OD]Õ÷
-16.60
-16.23
-7.68
Palu
-14.47
-17.49
-11.77
-14.76
-13.60
-14.00
Bingöl
Erzincan
-20.40
-16.23
-2.37
-14.34
-9.44
-9.38
0Xú
Solhan
-15.69
-20.40
-20.24
-21.68
-26.78
-7.93
Tercan
A1 average
-17.64
-17.61
-9.68
A2
Malazgirt
-11.20
-14.81
-1.79
-10.63
-25.50
-2.00
Tortum
Bitlis
-21.15
-4.03
-12.28
-21.25
-5.67
-6.38
$÷UÕ
-19.13
-7.65
-21.00
Tatvan
Van
-4.64
-21.64
-8.69
-18.00
-20.40
-11.54
(UoLú
-17.74
-5.46
-24.29
Hakkari
Kars
-1.34
-0.01
0.55
Ardahan
-2.83
-1.89
-6.80
Yüksekova
-0.01
-3.29
-57.10
-12.00
-3.92
-5.97
Özalp
-20.04
-3.09
-3.09
6DUÕNDPÕú
-15.00
-18.42
-32.79
%DúNDOH
A2 average
-12.50
-9.70
-13.80
Total Average
-14.76
-13.17
-11.98
Note: UpwarG ǻ DQGGRZQZDUG  ) pointing open triangles indicate insignificant increasing and decreasing trends at the
5% level, respectively. Trends significant at the 5% level (-= DUHPDUNHGE\VROLGWULDQJOHV ŸRUź  Sd,
Snow days; Dsc, Duration of snow covered ground; Msd, Max. snow depth.
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Trends and the magnitude in seasonal relative humidity. The significant downward (43
times) and insignificant downward (39 times) as
well as the insignificant upward (17 times) and
significant upward trends (1 times) were obtained
for each season and station reflecting the dominant
decreasing of relative humidity trends of the study
area. The highest number of significant decreasing
trends was obtained for spring (13 times over 25),
winter (12 times), autumn (10 times) and summer
(8 times), with average decreases of 6.78, 5.58, 4.43
and 4.34 % 51 years-1 respectively (Table 4). The
results of the current study are in line with the study
of Kousari and Zarch [63], which indicates that
there has been a definite decrease in the relative
humidity from 1955 to 2000 in the range of 2.18 to
6.85% in Iran. In addition to this, the Re-Analysis
(ERA-40 and ERA-Interim) of the European Centre
for Medium-Range Weather Forecasts reflects the
extensive diminution in relative humidity that had
occurred over land likely based on the limited moisture supply from the water bodies [64]. According
to the results of our study, it is clear that there is a
negative correlation between relative humidity and
air temperature. A similar reduction for relative
humidity was detected in Canada [65], during the
period of 1953±2003 in the west part of the country,
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which was induced by rapid warming. The raised
air temperature enhances the water holding capacity
of the air, however, limited water vapor contents in
the air cause a decrease in relative humidity as is
the case in the Eastern Anatolian region. This is
confirmed via another study in Spain undertaken by
Vicente-Serrano et al. [66] and Gobiet et al. [67],
who documented that the change patterns of relative
humidity are also related to precipitation change,
with decreased humidity in regions with precipitation decreases and vice versa. Consequently, all
these earlier studies confirm that the main reason of
the decrease of the snow parameters together with
the rainfall in the present study area is bound to the
decrease in the relative humidity of the air in the
East of Turkey. Changes in the trends in annual
precipitation between northern Europe (wetting)
and southern Europe (drying), represent a wider
hemispheric pattern of contrasting zonal-mean
precipitations [68,69] pointing out to the significance of the dependency on regional analysis. In
addition to this, significant decreasing trends at
higher elevations were detected as -4.73 to -6.25 %
51 years-1 for the winter, -4.89 to -8.43 % 51 years-1
for the spring, -1.43 to -6.79 % 51 years-1 for the
summer and -2.89 to -5.47 % 51 years-1 for the

TABLE 4
7KHUHVXOWVRIWKH0.DQG6HQ¶VVORSHHVWimates for seasonal relative humidity.
Meteorological
Stations
A1
Keban
,÷GÕU
Malatya
Tunceli
(OD]Õ÷
Palu
Bingöl
Erzincan
0Xú
Solhan
Tercan
A1 average
A2
Malazgirt
Tortum
Bitlis
$÷UÕ
Tatvan
Van
(UoLú
Hakkari
Kars
Ardahan
Yüksekova
Özalp
6DUÕNDPÕú
%DúNDOH
A2 average
Total Average

Significance of
MK for seasons
W-Sp-S-A

Relative Humidity 6HQ¶VVORSHHVWLPDWHV \HDUV-1)
W

Sp

S

A

-0.68
-14.73
-6.39
-1.70
-6.80
-10.20
-6.04
-3.09
0.16
0.79
-3.40
-4.73

-4.16
-17.10
-5.21
1.32
1.34
-14.20
-7.51
-0.20
-0.93
-1.91
-5.27
-4.89

-7.48
-19.83
-4.44
8.12
3.67
-13.27
1.40
8.16
1.26
7.04
-0.34
-1.43

-0.46
-15.87
-3.32
-0.09
1.40
-10.25
-4.19
0.96
-0.31
2.83
-2.46
-2.89

-14.91
-2.53
1.30
-3.01
-3.87
-3.54
-10.20
-0.97
-1.54
-10.47
-20.40
-9.02
-2.83
-5.49
-6.25
-5.58

-13.94
-1.85
-0.72
-9.35
-8.68
-4.25
-6.92
-5.67
-4.09
-10.82
-19.43
-13.47
-4.68
-14.13
-8.43
-6.87

-10.20
0.67
-0.07
-4.17
-9.96
-5.06
-0.63
-6.08
-0.67
-4.89
-20.00
-18.82
-3.83
-11.33
-6.79
-4.43

-7.53
3.27
0.73
-6.13
-7.80
-3.52
-4.27
-4.16
-1.51
-6.52
-18.49
-9.62
-4.16
-6.92
-5.47
-4.34

Note: 8SZDUG ǻ DQGGRZQZDUG  ) pointing open triangles indicate insignificant increasing and decreasing trends at the
5% level, respectively. Trends significant at the 5% level (-= DUHPDUNHGE\VROLGWULDQJOHV ŸRUź  W,
Winter; Sp, Spring; S, Summer; A, Autumn
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the wind indices were found to be decreasing trends
with the significant approximately similar and obtained for the winter (15 times over 25), spring (16
times), summer (16 times) and autumn (16 times)
,by average decreases of -0.47, -0.52, -0.78 and 0.59 m s-1 51 years-1 respectively and wind speed
drops higher in the summer (Table 5). Many studies
have documented similar results on the trend of
wind speed in various regions across the globe.
Some of these are the Zhao et al. [73] study determining the average wind velocity for all seasons at
Northeast China with prominently reduced trends,
with the highest in the spring (±0.30m sí1 decade-1),
autumn and winter (both ±0.21 m sí1 per decade),
and summer (±0.15 m sí1 decade-1). Similarly, Pirazzoli and Tomasin [74,75] determined a decreasing wind speed, particularly easterly winds, in the
Mediterranean region. The lower wind speeds were
also indicated by Tuller [76], who manifested a
decrease in average annual and winter wind speeds
in British Columbia. Brazdil et al. [77] revealed the
statistically significant decrement in average wind
speeds in all months, seasons, and annual values
during the time period of 1961 to 2005 in the Czech
Republic. Kousari et al. [78] showed that the overall
wind speed in Iran was significantly declining in
some
areas.
Moreover,

autumn of the A1 and A2 zones respectively. Accordingly, it is evident that relative humidity. This
information is consistent with the statements of
Lawton et al. [70] and Still et al. [71], that warmer
water surface temperatures increase evaporation
and the moisture content of the air at low lands.
However at higher elevations this increase in moisture is not enough to offset warming. Furthermore,
the results of this study reveals that the enhancement of temperature is 0.14 Ԩ 51 years-1 higher in
the A2 zone compared with A1, thus, most likely
stimulating the negative trend of relative humidity
at up lands of the Eastern Anatolian region.
Trends and the magnitude in seasonal wind
speed series. Climate change is estimated to modify
the speed of near surface winds, either through local
effects or by altering the large-scale flow. Alterations in the wind speeds at regional scales, together
with on seasonal time-periods can have significant
influences on climate change and require investigation [72] for further decisions. Our results revealed
the significant downward (63 times) and insignificant upward (15 times) trends together with the
insignificant downward (14 times) and significant
upward trends (8 times) for each season and station
of the study area (Table 5). Subsequently, 77% of

TABLE 5
7KHUHVXOWVRIWKH0.DQG6HQ¶VVORSHHVWimates for seasonal wind speed.
Meteorological
Stations
A1
Keban
,÷GÕU
Malatya
Tunceli
(OD]Õ÷
Palu
Bingöl
Erzincan
0Xú
Solhan
Tercan
A1 average
A2
Malazgirt
Tortum
Bitlis
$÷UÕ
Tatvan
Van
(UoLú
Hakkari
Kars
Ardahan
Yüksekova
Özalp
6DUÕNDPÕú
%DúNDOH
A2 average
Total Average

Significance of
MK for seasons
W-Sp-S-A

Wind speed 6HQ¶VVORSHHVWLPDWHV PV-151 years-1)
W

Sp

S

A

-0.46
-0.28
0.43
-0.97
1.11
0.15
-0.20
-0.57
-0.85
-0.38
0.09
-0.18

-0.49
-0.52
0.30
-0.85
0.66
-0.08
-1.70
-0.78
-1.13
-0.85
-0.22
-0.51

-0.65
-0.47
0.30
-0.60
-0.11
0.24
-2.05
-1.05
-1.08
-1.02
-0.33
-0.62

-0.32
-0.46
0.36
-0.57
0.57
0.12
-1.70
-0.73
-0.89
-0.61
-0.20
-0.40

-0.08
0.60
-1.76
-0.92
-2.06
-1.28
-1.70
-0.45
-0.97
-0.72
-0.06
0.26
-1.16
0.47
-0.70
-0,47

-0.09
0.57
-0.97
-1.09
-2.00
-0.43
-1.39
-0.57
-1.24
-0.65
0.31
0.89
-1.29
0.38
-0.54
-0,52

-0.24
0.45
-1.48
-1.90
-2.01
-0.30
-1.52
-0.46
-1.95
-0.98
-0.20
0.88
-1.53
-1.55
-0.91
-0,78

-0.53
0.37
-1.28
-1.30
-2.08
-0.53
-0.96
-0.49
-1.32
-0.67
0.05
0.76
-1.38
-1.15
-0.75
-0,59

1RWH8SZDUG ǻ DQGGRZQZDUG  ) pointing open triangles indicate insignificant increasing and decreasing trends at the
5% level, respectively. Trends significant at the 5% level (-1= DUHPDUNHGE\VROLGWULDQJOHV ŸRUź  W,
Winter; Sp, Spring; S, Summer; A, Autumn
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VLJQLILFDQWQHJDWLYH WUHQGV aíPVí1 decadeí1)
were detected in the central Mediterranean around
Sicily and Malta by Bett et al. [79]. The investigation undertaken by the long-term United States
meteorological stations have also yielded wind
speed records of a negative trend (about -0.1 m s-1
decade-1) in the last decades [80]. These outcomes
are in congruence with the annual average decrease
for the Eastern Anatolian Region by ~-0.1 m s-1
decade-1. The overall supposition concerning these
trends is, that global warming will decrease the
temperature gradient, between the poles and the
equator and thus, may decrease the mid-latitude
wind speed [80]. In addition to this, Jiang et al. [81]
declared that, the major conclusion for the decreased trends related with the global warming, is
the difference of the significantly reduced sea level
pressure and near-surface temperature. This situation is similar in various areas, where large-scale
decrement in the pressure gradient is at least partially responsible for the reduced wind speeds [82].
The stronger decreasing trends at higher elevations were detected as -0.18 to -0.70 ms-1 51 years-1
for winter, -0.51 to -0.54 ms-1 51 years-1 for spring,
-0.62 to -0.91 ms-1 51 years-1 for summer and -0.40
to -0.75 ms-1 51 years-1 for the autumn of the A1
and A2 zones respectively. In this respect, it is
evident that the wind speed decreased over time,
particularly at higher altitudes. According to Li
[83], the decreasing magnitude of the seasonal wind
speed is promoted with the rise of the altitude, confirming that the decrease of the seasonal wind speed
occurred in the high altitude areas of the Southwestern Chinese 110 observation stations during the
time period of 1969 to 2008. This outcome is also
in congruity with the current study. This situation is
explained as the hindering effect of a valley terrain
to airflow movement by Li [83]. In addition to this
in the middle latitudes, like the Eastern Anatolian
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region, the pressure gradient force increases with
height. However in the current study, the higher
magnitude of warming at altitudes above 1500 m
compared to below 1500 m will decrease the temperature gradient more in turn provoking the magnitude of the reduced wind speed. Molnos et al. [84],
introduce that the wind speed is sensitive to the
alteration of the pressure gradient and to the global
mean temperature. Consequently, the warming
pressure gradients, affected by global warming,
decreases the wind speed. In any case, further investigation of the altitude effects on the magnitude
of decrease for the wind speed must be undertaken.
Correlation of Climate Indices. The correlation coefficients shown in Table 6 reflect the interrelation of the annual climate indices with altitude
considerations in the Eastern Anatolian region. The
temperature is effective in the transient snow district where the mean winter temperature is slightly
below zero and it frequently exceeds the melting
point [85] as it is in the Eastern Anatolian region.
At this point, it is noteworthy that the mean temperatures from 1965 to 2015 were negatively correlated with the change of the snow indices that occurred in both zones, subsequently indicating that
the development of warmer winters tend to decrease
snow in the highlands. Concerning the snow parameters, the strongest correlation with temperature
was found with the duration of snow covered
ground for both zones. Although, an adverse correlation between the duration of snow covered ground
and monthly mean temperature was detected by
Bednorz [85] in Eastern Europe, Dery and Brown
[86], evaluated the monthly mean snow cover extent through the Northern Hemisphere and stated
that the strongly opposed correlation with air temperature was compatible to the current study results.
Furthermore, at higher altitudes, the correlation

TABLE 6
Correlation coefficients of climate indices at A1 and A2 altitude zones in the time preiod of 1965-2015
3 
Climate Indice
A1 Zone
D. of Snow covered Gr. (I1)
Snow Days (I2)
Max. Snow Depth (I3)
Mean Temperature (I4)
Rainfall (I5)
Humidity (I6)
Wind speed (I7)
A2 Zone
D. of Snow-covered Gr. (I1)
Snow Days (I2)
Max. Snow Depth (I3)
Mean Temperature (I4)
Rainfall (I5)
Humidity (I6)
Wind speed (I7)
*Significant coefficients, at 0.05.

I2

I3

I4

I5

I6

I7

0.66*

0.69*
0.56*

- 0.82*
-0.55*
- 0.54*

0.34*
0.38*
0.62*
-0.20*

0.54*
0.53*
0.43*
-0.68*
0.28*

- 0.23*
- 0.02
- 0.17*
0.03
-0.04
-0.06
1

0.39*

0.49*
0.37*

-0.59*
-0.18*
-0.25*

0.27*
0.39*
0.72*
0.06

0.35*
0.20*
0.17*
-0.59*
0.02

-0.07
0.17*
-0.15*
-0.21*
0.04
0.23*
1
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midity is consequently expected, as also mentioned
by Meloysund et al. [92]. Despite all these earlier
studies, empirical evidences indicate that the correlation of the climate indices is rather complicated
due to the complexity and diversity of the mountain
systems and is in need of further advanced studies.

between temperature and snow indices is weaker
than the lower altitudes even if significant as confirmed by Rebetez [87]. Therefore, at lower altitude
areas up to 1500 m above sea level, the amounts of
the snow indices tend to abruptly decrease with
higher temperatures, and vice-versa.
Stations located at the A1 zone react differently from those at higher elevations for mean temperature and rainfall that reflect a significant negative
correlation, even though no significant correlations
were detected at the A2 zone. This contrasting outcome also documented by Zhao and Khalil [88]
revealed that dryer seasons over most of the United
States were usually warmer, whereas no annual
significant correlation between temperature and
rainfall was detected by Rebetez [87]. In addition to
this, rainfall was found not to have a significant
relation with wind speed in both altitude zones
while a strong correlation was detected for the humidity at the A1 zone instead of the A2. The reason
for this may be that the warm air at low altitudes
can hold more moisture than cold air at the high.
The conspicuous outcome at this point is the significant positive correlation of the rainfall with the
snow parameters. This outcome is in line with the
outcomes of the study conducted by Wu and Qian
[89], which reveals a definitely positive correlation
among the Tibetan winter snow and the following
rainfall through central China. This event may have
well been detected by tele-connection to the atmospheric circulation. However, the process underlying
the cause of the positive snow-rainfall relation may
be evaluated in further more advanced studies.
In both zones, the wind speed was inversely
correlated with maximum snow depth. Lehning et
al. [90] initiated the hypothesis of this mechanism
via the raised wind speed promoting the decreased
accumulation of snow at the time of precipitation in
the wind direction side of a mountain ridge. Moreover, the duration of the snow covered ground was
negatively correlated with wind speed while determined significant in A1 and insignificant in the A2
zone. Stronger winds reduce moisture in the air and
inversely enhance the evaporation of the surface
snow subsequently leading to the shorter duration
of the snow cover. In the meantime, the snow days
were statistically positively correlated with the wind
speed in the A2 zone, whereas no significant correlations were detected for the A1 zone. This outcome
of our study is coherent with Wehren et al. [91]
stating that higher wind velocities occur at uplands,
which provoke relatively enhanced changes in humid air masses. In this context, precipitation occurs
more frequently at a larger intensity. Humidity is
also positively correlated with wind speed at the A2
zone in the current study area being in line with
Wehren et al. [91]. Furthermore, the correlations
with snow parameters reflect the distinct relationship with humidity. This outcome introducing the
positive correlation between snow depth and hu-

CONCLUSIONS
This paper seeks to document the seasonal
trends and the magnitude of change for the long
term time series of mean temperature, rainfall, duration of snow covered ground, snow days, humidity
and wind speed over the Eastern Anatolian (Turkey) climatological stations. We also attempted to
determine whether there were significant changes in
the trends of the climatic indices of the last 51 years
(1965-2015) by considering the altitudinal variations. In this context, the outcomes sought to assist
policy makers and stake holders in developing the
proactive precautions within the scope of climate
change. Prompt actions and institutional recovery
will absolutely initiate the mitigation for the irrecoverable collapse expected to occur by climate
change which was not refuted by the 51 years climate indices. The major conclusions outlined are as
follows:
1. A general pattern of rising temperatures
from 1965 to 2015 at the 25 meteorological stations
of the Eastern Anatolian region were observed in
this study. The regional seasonal mean temperatures
have increased during the last 51 years at a range
from 0.18 to 0.42 °C decade-1. In addition, the magnitude of change at lower-altitude stations was
determined to be lower (0.29 °C decade-1) whereas,
stations at higher altitudes reflected higher warming
(0.32 °C decade-1). In this context, warming could
increase the evaporation, lead to cause soils to dry
more and could have a negative impact on water
resources and therefore increase in irrigation water
requirement for agricultural use over the Eastern
Anatolian region.
2. Evidence is presented for a general decrease of rainfall in the Eastern Anatolian region
over the last 51 years. The magnitudes obtained for
the seasons were as the average decrease of -4.84
mm decade-1 for the winter, -3.96 mm decade-1 for
the spring and as the average increase of -0.73 mm
decade-1 for the summer and decrease of -2.96 mm
decade-1 for the autumn. Furthermore, according to
the altitude zones the annual total trend was detected as -15.92 and -7.19 mm decade-1 at the A1, and
$ ]RQHV UHVSHFWLYHO\ ,W¶V WKXV HYLGHQW WKDW WKH
decreasing trends, even insignificant, decreased via
the increased altitudes of the stations.
3. The significant decrease of snow parameters were observed in the majority of the district
from 1965 to 2015. On the winter average, the duration of the snow covered ground decreased by -2.58
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days decade-1 and the number of snow days were
decreased by -2.89 days decade-1. Moreover, the
decrease in the maximum snow depth was deducted
from the magnitude of -2.35 cm decade-1. The snow
index trends were a crucial consequence in semiarid to arid climates where the water demand currently surpasses supply [93] as in the current study
area. Therefore, quite likely, the decrease of snow
parameters can also affect the timing and the volume of stream flow of the rivers located in the Eastern Anatolian region in a negative way. The distinct
alteration of the stream flow is the crucial hydrological reaction to climate change in snow dominated
catchments [94, 95]. The alteration of snow covered
ground as earlier melting could increase the probability of winter flood occurrences and reduce the
spring and summer groundwater levels and in turn
induce summer droughts and decreased summer
river flow [96, 97]. Furthermore, increased warming and reduction in the snow indices in turn causing the change in surface albedo have significant
effects on regional climates [98]. This leads to the
enhanced absorption of solar energy, and thereby
increased warming of the surface air [99]. In this
context, climate change could therefore be the anticipated effect on agriculture, most probably
threatening the irrigated agriculture farming systems. In addition to this, the high altitude zone (A2)
reflects the lower magnitude of the decrease even
with significant trends on snow days and the duration of the snow covered ground. However, the
significant decrement of the maximum snow depth
was more pronounced at high altitudes compared
with the low ones. When snow versus altitude relations are considered, further studies containing
longer time series and more advanced analyses
would be useful.
4. Relative humidity per decade has decreased, over the period of 1965 to 2015, especially
in the spring (-1.32% decade-1), winter (-1.09%
decade-1), summer (0.86% decade-1) and autumn
(0.85% decade-1), in the majority of the selected
stations of the current study area. This decrease
over Eastern Anatolia is coherent with the limited
moisture supply of the region. Wang et al. [100]
stated that the reduced trends in relative humidity
point to a shift towards a much drier climate, which
would lead to a higher atmospheric water demand,
higher transpiration rates and higher crop water
requirements. Stronger decreasing trends of -4.73 to
-6.24 % 51 years-1 for the winter, -4.89 to -8.43 %
51 years-1 for the spring, -1.43 to -6.79 % 51 years-1
for the summer and -2.89 to -5.47 % 51 years-1 for
the autumn were detected for the higher altitudes of
the A1 and A2 zones respectively. Consequently, it
is evident that altitude provokes the decrease of
relative humidity but needs further research in the
correlation mechanisms responsible for the changes
of these two components.
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5. Moreover, the examination of wind speed
leads to a general downward trend observed in each
season with the magnitude of the average decrease
of -0.09, -0.10, -0.15 and -0.12 m s-1 decade-1 for
winter, spring, summer and autumn respectively.
This may shift the available wind resources particularly crucial in the planning of the new wind energy
farms [101] even if this is not the major energy
source in the region. Stronger decreasing trends of 0.03 to -0.14 ms-1 decade-1 for the winter, -0.10 to 0.11 ms-1 decade-1 for the spring, -0.12 to -0.18 ms-1
decade-1 for the summer and -0.08 to -0.15 ms-1
decade-1 for the autumn of the A1 and A2 zones
were detected at higher elevations. The consequent
wind speed decrease documented over time, particularly at higher altitudes is in need of further research concerning the illumination of the correlation mechanisms responsible for the change of the
magnitudes of these two parameters.
6. The analysis of the correlation coefficients
of the climate indices has indicated that there is a
high negative relationship between the mean temperature and snow indices for both altitude zones
even if stronger in lower altitudes. Furthermore,
sites located at lower altitudes behave differently
from those at higher elevations concerning their
rainfall and temperature correlations where colder
years tend to be rainier. The significant negative
correlation between relative humidity and temperature determined in both altitude zones was an expected outcome related to the limited water supplies
in the current study area. At high the altitude zone
the mean temperature values exhibit stronger negative relationships with wind speed data than lower
altitudes which have insignificant correlation. Relative humidity is also significantly correlated with
snow indices for both zones where the A1 zone
correlation coefficients were higher than the A2
zone. Consequently, further studies are needed to
clarify the contributions of the complicated correlation mechanism of the climate indices which is
beyond the scope of this study.
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EXAMINING THE SOCIOCULTURAL EFFECTS OF
PROTECTED AREAS ON LOCAL PEOPLE
(THE CASE OF HATILA VALLEY NATIONAL PARK)
Sevim Inanc1,*, Huseyin Ayaz2
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Artvin Coruh University, Forestry Economy Department, Forestry Engineering, Artvin, Turkey
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to more visitors with activities; and support is provided for people who want to market their products.
It is also demanded that the administration delivers
some of the income that comes from running the
park to local people. Such demands are found to be
appropriate by researchers. Another righteous expectation is granting the right to participate in decision-making processes for national parks.

ABSTRACT
National parks are among the most efficient areas in terms of protecting natural and cultural areas
that have rare beauties on earth and presenting them
for the use of public. In Turkey, 40 areas have been
announced as National Parks, and one of these is the
Hatila Valley National Park located within the borders of the city of Artvin.
Within the areas that are announced as National
Park, there are local people who reside in the area
along with natural sources. It has been long complained that the people living in the areas that are announced as national parks were affected negatively
by this decision. In the present study, the complaints
and satisfactions of the people who reside in the
Hatila Valley National Park located within the borders of the city of Artvin were investigated.
According to the results, it was determined that
an important part of the people who were determined
to be conscious about national parks thought that the
announcement of an area as national park avoided
investments that would otherwise disrupt the nature
and was therefore beneficial in protecting the nature.
However, nearly all of the people who were interviewed in the context of the study stated that they
were not given the opportunity of participating in the
decisions of the administrative units about announcing and operating the area as a national park and
added that they were even not notified about such
decisions. Again, it was also stated that the announcement of an area as national park caused that
the villagers were deprived of the income that would
otherwise be received by peasants with forest works;
and said that the public investments were either delayed or not performed at all in the present situation.
It was also complained that the wild animals living
in such areas reproduced and damaged the local people and their crops in the area that were emptied due
to emigrations. 37% of the people who cannot receive any incomes from national parks complained
about the presence of the national parks.
For the satisfaction of the people, the expectations of the executive power were mostly financial.
Such people expect that an infrastructure in established within national parks, introducing these parks

KEYWORDS:
Protected area, national park, local people, Turkey.

INTRODUCTION
The increase in the population of the world, industrialization, urbanization, the developments in
the field of technology, etc. increase the pressure on
the natural structure and cause the disruption of it.
There are areas that have international value among
the parts of nature that receive the highest damage in
this negative progression. Especially as of 1950s, legal regulations and administrative activities have
been realized in Turkey as well as in many other developed countries in the world to ensure that these
rare natural beauties are protected in a more quality
way. One of the areas that are the subject matter of
TXDOLW\ SURWHFWLRQ LV WKH DUHDV WKDW DUH FDOOHG ³national parks´ [1].
It was reported in previous studies that the term
³QDWLRQDOSDUN´ZDVILUVWXVHGLQZLWKWKHODZ
HQDFWHGLQWKH86$WRSURWHFWWKH³<HOORZVWRQH1D
WLRQDO3DUN´ [2]. ,Q7XUNH\KRZHYHUWKHWHUP³QD
WLRQDOSDUN´ ZDVILUVWXVHGE\ Inal in literature [3].
Then, the legal basis was formed for the national
parks. In the 25th Item of the Forestry Law 6831,
which was enacted in 1956, national park was deVFULEHGDV³The General Administration of Forestry
may allocate several fields that are in forests or in
areas that have the property of being forest because
the properties of such areas due to their positions
DQG IHDWXUHV DV ³1DWLRQDO 3DUN´ WR DOORFDWH WKHVH
areas to the benefit of science and technology, to
cover the needs of the society such as sports and recreational activities, and to enable touristic activities.
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distribution of the benefits and costs. Although many
National Parks are still focused on protecting natural
life, many great ideas like the one claiming that National Parks will ensure the agreement between the
society and the nature are immature [9].
Instead of a National Part concept in which local people are not considered adequately, the tendency for a modern National Park concept in which
the aims are both protecting the nature and also contributing to the economic development of people in
agreement with them is increasing in the world as
well as in Turkey. For this reason, it is necessary that
a modern National Park concept is developed in areas like the adaptation of national park concept to the
conditions of our present day, considering the viewpoints of local people, developing a management
concept that do not conflict with local people in planning activities, disseminating the conscious of protection and environment in the society, increasing
the effect of local administrations in the management
of National Parks, and encouraging the plans that are
intended for protection [10, 11, 12, 13, 14].
In many countries of the world, management
plans for nature areas are made by receiving the support of local people, who are the real owners of those
areas, while the natural view is protected. This approach is important in terms of the sustainability of
National Parks. In this way, both the environment
that is necessary to preserve is protected and the support and satisfaction of the people living in that area
are ensured. As a result of this, local people will be
enabled to establish accurate communication with
the visitors coming to the area and visitors will provide economic support for local people by purchasing their products. Many studies have been conducted on National Parks and the contributions of
them to local people both in the world and in our
country. Some of these studies are as follows [15, 16,
17, 18, 19, 20, 21, 22, 23, 24].
In this present study, the problems of the people
living within the borders of the Hatila Valley National Park, which is one of the 40 national parks in
Turkey, were investigated. The reaction of the people to the announcement of the National Park, the
changes caused by this announcement in their social
lives; and eventually, the viewpoints of the inhabitants of the area on the protected area were determined; and the methods and ways were investigated
to protect the source value of the area, and to eliminate possible dissatisfactions without making concessions.

The principles for this allocation are practiced according to the protection forests regulation´ [4]. In
forthcoming years, this description was adopted
partly into the Turkish language we use today, and
new protection areas were added to the scope of the
abovementioned law such as nature parks, nature
monuments, nature protection areas, and forest recreational areas; and these areas would be organized,
managed and operated when necessary. It was also
added that the management could have such areas
managed by other parties [5].
,QWKHERRN³7KH3ROLF\RI)RUHVWU\´ZULWWHQE\
Özdönmez et al., it was written that the forestry
works in Turkey started actively with the Forestry
Law 6831; and were sustained and improved with
the Law 2873. It was also written in the same book
that the number of National Parks was 30 in 1990s,
and it was expected that this number would increase
[6]. *Pú RQ WKH RWKHU KDQG VWDWHG WKDW WKH 1D
tional Parks were the protected areas that had the
ROGHVWKLVWRU\LQKLVERRN³7KH3ROLF\RI)RUHVWU\´
and added that the National Parks were administered
by a separate general management in 1976, and the
National Park Law 2873 was extremely important
for the transfer of these areas to future generations
[7].
The areas that are/will be allocated as National
Parks in Turkey were considered worth being the
subject matter of a separate law, and the National
Parks Law 2873 was enacted in 1983. In this law,
QDWLRQDOSDUNVZHUHGHILQHGDV³The parts of nature
that have natural and cultural source values, protection, resting and tourism areas that are found rarely
both in national, international, science and esthetics
terms´[8]. With the announcement of an area as a
National Park, it is desired in brief that the nature is
protected, it is ensured that natural selection conditions are sustained, it is made possible that the development and change in living species and habitat continue without obstructions, landscape values that
have distinctive features are protected, such sources
are benefited by local, national and global society in
agreement with the protection-use principles. The
specific planning of areas that are announced as national park is realized according to the aims that are
targeted.
There are local people who benefit from these
areas that are under protection. The allocation of
these areas for protection and some limitations for
sustainable use affect the lives of local people. Limiting the local people in reaching the sources that
they have been using for many years in a traditional
way or depriving them from these rights cause some
complaints. In addition, the damage on plants and
animals living in natural life, the benefit local people
received from these sources in the past being decreased, the limitation on private property rights also
cause many problems. Again, no share is given to the
local people from the fee that is collected from visitors to these areas and this has also caused unequal

MATERIALS AND METHODS
Firstly, a literature review was made for the
study. Then, the data were collected on the position,
size, source value and the number of visitors to
Hatila Valley National Park, which is the subject
matter of the present study. In addition, it was also
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THE DESCRIPTION OF THE STUDY AREA

aimed to determine the social, economic and cultural
effects on the local people living in the National
Park; and therefore, the viewpoints of the inhabitants
on National Parks were collected. To do this, faceto-face interviews were made with the local people
living within the borders of the National Park.
2QO\WKH7DúOÕFD9LOODJHKDVQHLJKERUKRRGV
within the borders of Hatila Valley National Park,
which is in the city of Artvin. A total of 90 families
are residing in these neighborhoods; 5 of them live
permanently in the area, and 85 of them live seasonally (3-5 months during summer). It was targeted to
interview the people living within the borders of the
National Park by using the Complete Inventory
Method by choosing one individual from each family. However, despite all efforts, only 70 of the inhabitants were interviewed. The reason for this is
that some of the people live outside the city of Artvin
and it was not possible to interview them. In the end,
70 of the 90 families were contacted, which means a
rate of nearly 78%. After the results of the questionnaires were collected, the percentages and distributions were determined.

Hatila Valley is located within the borders of
the central area of the city of Artvin. This valley was
announced as National Park and had a size of 16 944
KHFWDUHV7KH7DúOÕFD9LOODJHLQWKHDUHDKDVQHLJK
borhoods. The National Park is only 6,8 km far from
the city center of Artvin and the transportation route
is coated with asphalt.
The establishment of the National Park dates as
back as 1994. Hatila Valley was announced as
³+DWLOD 9DOOH\ 1DWLRQDO 3DUN´ DFFRUGLQJ WR WKH rd
Item of the National Parks Law 2873 in 1994 for the
purpose of protecting the natural and visual extraordinary source values as well as the vegetational and
animal sources, which were about to become extinct,
for the purpose of transferring these to the future as
national assets. The location of the National Park,
which is the subject matter of the present study, is
given below (Figure 1) [25].

FIGURE 1
Location of Hatila Valley National Park on the map
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TABLE 1
Hatila Valley National Park Ecosystem Types
Ecosystem Types
Stream Ecosytem
Rocky area ecosystem
Shrub (pseudömaki) ecosystem
Grassland ecosystem
Forest ecosystem
settlement and agriculture area
TOTAL

Area (ha.)
270,0
905,0
404,0
3357,0
11895,0
113.0
16 944.0

TABLE 2
3RSXODWLRQ&KDQJHRI7DúOÕFD9LOODJHE\<HDUV
Years
population (Person)

1985
306

1990
251

2000
125

2007
100

2008
176

2009
147

2010
135

2011
119

2016
100

area, which is mostly covered with natural forests,
the local people made a living with forestry activities
at a great deal before the area was announced as a
National Park. Serious decreases were observed in
the population of the city centers in Turkey especially in Eastern Black Sea Region as of 1980s. This
situation is also seen in the neighborhoods located in
the study area. The change in population is given in
the following table (Table 2) [27].
The village population, which consisted of 306
people in 1985, regressed to 251 people in 1990, and
to 100 people in 2016. The majority of this population live in Artvin city center during winter months.
The migration from the area did not stop when the
area was announced as a National Park in 1994. It is
even possible to claim that the migration from the
area increased because some business opportunities
disappeared for the people who made a living with
forestry activities. It was observed that there were
fluctuations in the population as of 2007. No data
were obtained that explained this situation.
The majority of the population prefer to live in
the village seasonally (in summer months). In other
seasons of the year, the majority of the population
prefer to live in Artvin city center or in Istanbul,
Bursa etc. different cities where their houses are
close to the schools of their children to continue their
education, the presence of job opportunities, the desire to live in a better social environment, more convenient communication and transportation opportunities. Some of the people living in Artvin city center
DQGLQRWKHUFLWLHVFRPHEDFNWR7DúOÕFD9LOODJHDQG
stay here for some time.

This National Park is one of those rare areas in
which the Mediterranean, Black Sea and Alpine
meadow vegetation in Turkey. One of the main
source values of the National Park is the Pinus Pinea
(i.e. the umbrella pine) and the natural old forest area
that cover the majority of the National Park, white
spruce stand, natural flora and fauna, which are
among the Mediterranean enclaves, in the area beWZHHQ +DWLOD 6WUHDP DQG (úHN +LOO ORFDWHG RQ WKH
northern part of the area where the Hatila Stream
joins the Çoruh River, again, on the north of the park.
The Pinus Pinea (i.e. the umbrella pine) forest areas
located in the Hatila Valley National Park are the
most important enclave forest ecosystem in both of
the region and the country. Pinus Pinea (i.e. the umbrella pine) has spread locally in limited areas in the
Eastern Black Sea Region [26]. The area distribution
of the Hatila Valley National Park according to ecosystem types is given in Table 1.
The Hatila Valley attracts attention with its geomorphological structure as a V-shaped deep-narrow bottom area as well as with its botanic features.
With its character, it shows a natural beauty that is
seen rarely in our country. The Hatila Valley National Park has a rich flora, vegetation and endemic
species together with its climatic features, soil structure, topography, and the plants that belong to the
Alpine Flora of the Mediterranean, the Black Sea
and Centrral Anatolia. It was determined that there
are 1349 taxon species belonging to 109 (96 bloomy)
families in Hatila Valley National Park [25]. In addition, the valley, which hosts the samples of the
Mediterranean vegetation cover, also hosts some
mammals like bear, fox, capra aegagrus, weasel,
musteline, passeriformes and avian predators, and
the famous Horned Viper of Hopa. Any type of protentional activities of the area are run by the staff of
WKH 7DúOÕFD )RUHVW 6XE-District Directorate of the
Artvin Forestry Department, Artvin Nature Protection and National Parks Branch Management, National Park Engineering staff.
The distanFHEHWZHHQWKH 7DúOÕFD9LOODJH WKDW
is located within the borders of Hatila Valley National Park to the city center is nearly 20 km. In the

RESULTS
The Number and Changes of the Visitors.
Hatila Valley National Park is left behind other parks
in terms of recognition and infrastructure. There is a
picnic area in the National Park for daily use. In this
area, which is currently in use, the picnic units that
may cover the needs of visitors are inadequate. There
are no accommodation facilities in the National Park.
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Terrace. This activity does not provide any benefits
for the people living in the area in economic terms.

The problem of collecting statistical data and recording these data, which is the common problem in
many protected areas in Turkey, also appear before
us here. Although there are no regular data kept on
the visitors coming to Hatila Valley National Park,
according to the data received from National Parks
Branch Management, the number of the visitors for
the years 2012-2016 is given in Table 3. It is seen
that the number of the visitors is quite high for the
years 2012-2015 and it is not expected that these visitors may cause a considerable increase in the incomes of the local people.
The water retention area of the Borçka Dam,
which is being built in the area, is also included in
the Hatila Valley. As of the year 2000, when water
retention started, transportation by boats became
possible in the valley up to a certain distance. The
stored water in the dam and the wild nature and vegetation being within one another provides people
ZLWKDSOHDVDQWVFHQHU\7RYLHZWKLVVFHQHU\³*ODVV
2EVHUYDWLRQ 7HUUDFH´ ZDV EXLOW LQ  ZLWKLQ WKH
borders of National Park and was opened for visits.
In this way, the number of the visitors coming to the
area reached an annual amount of 18.444 people. For
the time being, there are no accommodation or resting areas for visitors coming to the area for the natuUDOEHDXWLHVRI³*ODVV2EVHUYDWLRQ7HUUDFH´DQG1D
tional Park. For this reason, visitors cannot spend
much time in the park, and go back after visiting the

Demographic and Economic Status. Seventy
people who were the representatives of the houses in
the area were interviewed face-to-face. The age, gender, marital status and educational status of these
people are given below (Table 4). As seen in the Table, 30 of the people who were interviewed were
women. The rate of those who were married was
63%. The educational status was better than the average values in the country, and the lowest educational level was primary school among those who
were interviewed. 20% of the participants were graduated from universities (undergraduate level).
When the works of the participants which was
performed to make a living were examined it was determined that 33% of the participants who were interviewed stated that they were self-employed. The
participants in this group stated that they mainly
dealt with transportation business. Another source of
income in the working status was being employed in
public and private sector with a rate of 27%. The
number of the public employees was very low with
a rate of 3%. The rate of those who were retired was
determined as 10%. It was determined that the other
people who were interviewed were those who had no
incomes like unemployed, house wives, or students.

TABLE 3
National Park Visitors
2012
719

The number of visitors (Person)

Age
Year
0-30
31-50
51 and +
TOTAL

P.
24
21
25
70

%
34
30
36
100

2013
245

Years
2014
419

TABLE 4
Demographics of the respondents.
Gender
Marital status
G.
P.
%
M.
P.
%
Female
21
30
Married
44
63
Male
49
70
Single
26
37
70

100

70

100

2015
321

2016
18444

Education
E.
P.
Primary
28
Secondary
28
University
14
70

%
40
40
20
100

TABLE 5
Participants' household width, employment situation and income distribution.
Household width
employment situation
Annual income per capita
Person
House
%
Person
%
Income ($)
Person
%
1-3
44
63
Worker
19
27
1000-2500
28
53
4-6
26
37
Offcier
2
3
2501-4000
25
36
Free
23
33
4001 and +
8
11
Retired
7
10
Housewife
13
18
Student
4
6
2
3
Unemployed
TOTAL
70
100
70
100
70
100
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TABLE 6
Local people's thoughts on national park concept
National Park What? answers given to the question?
Economic development and protection of cultural values
Conservation of nature where various plants coexist
Name given to rare places in the world
The area that is surrounded by the rural life
Others
TOTAL

Person
10
42
9
9
70

%
14
60
13
13
100

TABLE 7
What are the positive effects of being declared a National Park?
Positive effects of national park declaration
Plant and animal diversity protected
Hydroelectric power plant and mining operation did not enter the area
Helping to recognize the site
I did not have any positive effect
TOTAL

Person
19
7
5
39
70

%
27
10
7
56
100

All of the participants answered in a positive
manner to the question that was asked whether the
area deserved being announced as a National Park.
However, they also stated that none of the authorities
informed them about the announcement of the area
in which their villages were located as a National
Park. They stated that the area was protected by them
before it was announced as a National Park and complained that they were excluded and ignored in the
announcement of the area as National Park.
After Hatila Valley was announced as National
Park in 1994, especially the inhabitants of the
7DúOÕFD9LOODJHOLYLQJZLWKLQWKHERUGHUVRIWKHSDUN
were affected by this situation in social and cultural
terms. These effects were investigated in the present
study under two headings as Positive and Negative
Effects and the responses received were given in Table 7 and Table 8.
When the positive effects of the announcement
of the area as a National Park were questioned, those
who thought that the nature and plant variety in the
area were protected ranked the first with 19 people.
The limitation of mining activities and River-Type
Hydro-Electric Power Plant (RTHEPP) because of
the area was announced as National Park were evaluated as positive developments in the second rank.
7% of the participants stated that the announcement
of the area as a National Park helped that the name
of the area was heard and the park was recognized.
The rate of the villagers, who thought that the park
did not have any contribution to the area and to the
local people, ranked the first with a rate of 56%.
Although it is accepted that announcing an area
as a National Park will contribute to the protection
of the nature, there are criticisms claiming that the
needs of especially the local people were ignored and
their activities were limited. The complaints in this
respect are given in Table 8.

The income level per capital is examined in Table 5. The income that was declared by the participants was determined as US Dollars on the interview
date (1 Dollar = 3,5 TL). As a result, it was determined that 40% of the participants had an annual income of 100 and 2500 Dollars. 33% of the participants had an annual income level between 2500 and
4000 Dollars. Only 9% of the families had an annual
income level that exceeded 4000 US Dollars. According to the official statistics in Turkey, the annual
income per capita was 10 thousand 936 Dollars in
2015, and it increased to 11 thousand 541 Dollars in
2016. When the income level of the people in the
study area and the national income level in the country per capita are compared, it was determined the
income level of the local people stayed at 1/5 of the
national income.
The Viewpoints and Evaluations of the Local People on National Park. The viewpoints of the
people living within the borders of National Park
about the park in general and their evaluations on the
changes that were caused by the announcement of
the area as National Park were questioned in the
scope pf the study. It is understood from the answers
given to the questionnaires that everybody is aware
of the National Park. All of the 70 participants stated
that they knew the National Park. As seen in Table
6, there are several evaluations about the meaning of
National Park.
The people who participated in the questionnaire knew that the concept National Park was an active factor in protecting the nature. As a matter of
fact, the majority of the participants stated that the
announcement of the area as a National Park had
positive effects on the protection of the nature as
well as on the protection of cultural values and development. These statements were positive approaches about the area that was announced as National Park.
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TABLE 8
Evaluate the negative effects of being declared a National Park.
The negative effects of national park declaration
Village roads can not be repaired and maintained, the construction of roads for the places where the
beehives will be placed
For 20 years there has been no public investment in the area, no contribution to the people of the region
Where new home construction is prohibited, problems are encountered in repairing old houses, and the
neighborhood fountain is not allowed
Construction is not allowed, phone, internet, etc. communication infrastructure can not be established
Not allowed to produce from the forest area, problems in the production of even dried trees with insect
damage
Deprivation of basic income sources because they can not be produced in the forests
Guests are asked to pay a fee and the vehicles, searching for them as they enter the park
Increased animal populations, which can not be intervened in wild animals, cause damage to agricultural
lands,
Regular collection of wastes from outside by the area

Person

%

55

79

48

69

45

64

34

49

25

38

20
20

29
29

20

29

5

7

TABLE 9
Opinions of local people about national park declaration
Declaration of opinion for national park
Well there is national park
It would be better if it was not a National Park
Undecided
Total

Person
33
26
11
70

%
47
37
16
100

TABLE 10
Local people expecting from National Park and management
Expectations
Public support for agriculture and animal husbandry
Building and road construction allowed according to the criteria to be determined
Promotion of field promotion, production and marketing of handicrafts should be supported
Accommodation places in the National Park area, picnic areas should be established, hiking trails must be
built
Park management should meet with the public at least once a year to make informative meetings and increase
the knowledge and awareness of the people
Measures should be taken for wild animals
Priority should be given to local people in parking lot employment
Ensuring that dead trees in the national park area can be taken by the public
Establishment of facilities for the protection, research and evaluation of medical plants in the vicinity
Reduction of procedure for the villagers

Person
50
45
37

71
64
53

35

50

32

48

28
20
15
10
5

40
29
21
14
7

%

their crops and bee hives because of the uncontrolled
increase in the population of wild animals.
Despite all these negations in the area, 47% of
the pHRSOHWKLQNWKDW³Fortunately there is a National
Park!´RIWKHSDUWLFLSDQWVVWDWHGWKDWOLIHZRXOG
be better if there were no National Parks, and 16%
stated that they were indecisive.
When the expectations on the National Park to
bring more beneficial results for the local people
were considered it was observed that there were demands on the liberty of construction in the area that
would bring increases in the income levels. In addition, it was stated by the participants with a rate of
46% that the local people wanted to be informed
about the acts and decisions of the administration
and added that they wanted to be included in decision-making processes. It was also demanded that

The people who participated in the questionnaire stated that as of the year 1994, when the area
was announced as a National Park, no investments
were made in the area, they had to abandon their
works, i.e. dealing with forestry products, animal
breeding, and fishery because of the bans that were
brought with the announcement of National Park; the
mending and maintenance of the village roads were
not made, and it was not allowed to renew the houses
that aged in time. Since the area was announced as a
National Park, production in forest assets could not
be realized, and for this reason, they had a serious
decline in their incomes, they had difficulties in processing the trees that were dying because of insect
damage, bureaucratic proceeding lasted long, and
beekeeping was avoided at a great deal in 1994. In
addition, they also stated that they could not protect
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makes the life of the local people difficult. The rate
of those who stated that the announcing of the area
as a National Park prevented/made it difficult for
public services, and for this reason, the maintenance
of the roads used for transportation could not be realized and the making of new roads were prohibited
with 79% in the study. The villagers stated that they
were prevented when they wanted to build a new
house or renew an existing house; and complained
that they or their guests and the vehicles were frisked
in the entrances and exits of the National Parks.
Since there were no production activities in the
forests in the surrounding area after the announcement of the National Park, the local people were deprived of the income that was received with production and transportation of the forestry goods. Since
the villagers could not receive any shares of the expenses of the visitors who arrive in the National
Park, there were no incomes that would compensate
it. This situation caused that the local people migrated to other areas. In addition, there were also
some participants who complained that they and
their agricultural crops were damaged by the wild
life population in the area that increased with the ban
on hunting within the borders of the National Park.
The most frequent complaints are about bears damaging beehives, and feral pig and deer damaging agricultural crops.
It was stated by the local people that they were
not informed about the announcement, management
and the future of the National Park. The local people
desire that they want to participate in the administration and want to hold meetings with public officers
and produce solutions for their problems. They also
want that supports are provided for them to supply
with the infrastructure of public works in their villages and to cover their housing needs. The local
people of the area want to participate in the administration of the National Park as a stakeholder; and
expect that handcraft and local products in the area
are supported, the production and marketing of nonwood forest products are also supported, and their
income levels are increased. In this way, they believe
that National Park will be a blessing rather than a
burden for them. Otherwise, they complain that National Park has made their lives difficult, caused that
their incomes were reduced, and they were left with
a nature that was polluted with the wastes of visitors.
The dissatisfactions that were determined as a
result of the study have righteous justifications. ToGD\WKHORFDOSHRSOH¶VKDYLQJDZRUGLQWKHDGPLQ
istration of National Park must be considered as a
necessity. Again, contributing to the local people to
receive income at an adequate level and finding solutions for their problems must also be considered as
a necessity. This approach will ensure that the people
live in a peaceful way in a high-level of welfare, and
act in more positive manners about National Parks.
It must be born in mind that the most significant reasons for the existence of the state is to ensure that the

firstly the local people should be employed in the
services provided for the park.
Another common compliant of the local people
is that the wild animals living in the area damage
their lives, crops they grow, their houses, and farm
animals. The thing that is desired by the local people
from the park administration is that the wild animals
should be fought, and if necessary, the village should
be surrounded by electro-shock devices to decrease
the damage done by bears to the lowest level for the
purpose of ensuring a more reliable environment for
citizens. Hatila Valley National Park, which is renowned for its plant variety, also hosts may medicinal and aromatic plant types. The local people expect
that the administration support them to harvest and
market these plants.

DISCUSSION, RESULT
AND RECOMMENDATIONS
National Parks, which are among the areas that
are protected by legal regulations, have important effects in sustainable use of natural and cultural values.
In areas that are announced as National Parks, it is
expected that the income levels of the people living
in the area are increased with the help of the expenses that will be made by visitors after the area is
well-known. In areas that are announced as National
Parks, the balance between the benefit that will be
brought for the local people living within the border
of the National Park and the burden that will be
caused by the national park must be evaluated well.
When the satisfaction and complaints of the local people living in Hatila Valley National Park,
which is one of the 40 National Parks in Turkey, on
National Parks were examined, it was determined
WKDWRIWKH VRFLHW\KDGWKH RSLQLRQRI³Fortunately, there is National Park´7KRVHZKRWKRXJKW
otherwise were at a significant rate with 37%. Some
of the participants who were interviewed stated that
they were indecisive. The majority of the people
think that being announced as a National Park would
be effective and beneficial in protecting the nature.
Again, in Turkey and especially in the Eastern Black
Sea region of Turkey, where Hatila Valley National
Park is located, there are also some objections claiming that mining activities sand RTHEPP caused disruption in the nature. The limitation in these activities in areas that are announced as National Park is
seen as a positive regulation in the face of protecting
the nature, and for this reason, announcing an area as
National Park was considered beneficial. However,
when the indecisive people are included, the majority of those who participated in the questionnaire
(56%) are of the opinion that the announcing of an
area as National Park does not have any positive effects.
There are important complaints claiming that
the announcement of an area as a National Park
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powered by gasoline and diesel fuels are converted
in order to use CNG [1]. CNG has been used for
many years in public transportation vehicles and
trucks for fuel conservation and environmental impact. Also, the tax incentives have been introduced
in Europe and America to increase individual use in
automobiles. The use of CNG will leave a legacy of
a cleaner environment with an increase in individual
and public transport.
In order to use CNG as fuel in internal combustion engines, it needs to be compressed to a 200-250
bar pressure value. In this compression process, piston type high pressure compressors are preferred [2].
In these compressors, the gas taken into the cylinder
is compressed through the piston. The pistons are
manufactured to withstand high pressure and temperature in the cylinder. In CNG compressors, the
crank-pinion mechanisms transmit the rotational
motion from the electric motor to the piston. In these
compressors, there are systems that perform cooling
operations between stages on the surface of the cylinder and before storage. Also, felts, valves, plugs,
bearings, measuring devices, rings and fittings are
important parts of compressors [3].
The most important parameters in CNG compressors are pressure, temperature, and flow. The
most important factor determining the high outlet
pressure from the compressor is the gas inlet pressure. If the input pressure is high, the compression
temperature and the power supplied are reduced. As
the natural gas in CNG compressors is taken from
the city network, the entrance temperature varies according to the seasonal conditions. In the CNG compressor the flow rate varies depending on the cylinder volume, the gas inlet pressure, the gas outlet area
of the cylinder, the power of the compressor motor
and the number of revolutions. The higher the pressure in the CNG compressor, the faster the gas filling
of the vehicle.
Compression in piston compressors is based on
the principle of increasing the pressure by reducing
the cylinder volume. In order to reach the desired
outlet pressure in compressors, the number of stages
is determined as a result of reducing the cylinder volume at certain ratios. When selecting the number of
stages, the type, temperature, cost and input pressure
of the compressed gas are important. Piston type
CNG compressors are generally produced in 3 or 4
stages. In the case of having 3 stages, high pressures

Nowadays, piston type compressors, having
many advantages in compressing gases to high pressures, are preferred. In this study, energy and exergy
analysis were performed by using the data obtained
from the performance tests of three and four stage
piston compressors located in the facilities that carried out compressed natural gas (CNG) filling of the
buses of the city of Ankara Metropolitan Municipality. In this study, the temperature, pressure and flow
values of the compressors during the filling process
was measured. The theoretical analysis of the system
was made according to the first and second laws of
thermodynamics by using obtained value. In the energy analysis, power is calculated by using the pressure and temperature values at each stage. When the
exergy analysis is performed, irreversibility caused
by the compressor and the cooling system is considered. The actual power value of the three-stage compressor used in the study was 737.77 kJ/kg calculated from the polytropic state change of 600 kJ/kg,
and the real and the polytropic state change values
for the four-stage compressor were respectively 560
kJ/kg and 690.64 kJ/kg. The second law efficiency
was calculated for each stage, and the highest efficiency was 86.84% at the fourth stage of the four
stage compressor. The three-stage compressor has a
storage cycle time of 700 seconds while the fourstage compressor measures 540 seconds. Considering the total energy cost and other parameters, fourstage piston compressors were found more efficient
in CNG filling.


+)"$%
Piston Compressor, CNG, Power, Irreversible, Exergy
analysis
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Alternative fuels have gained importance in
power generation systems due to the environmental
problems of petrol and diesel fuels and the decrease
in their reserves. CNG obtained by compressing natural gas at high pressures is preferred as an alternative fuel. Nowadays, CNG-powered internal combustion engines are produced. In addition, engines
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can be obtained in lower stages. In this case, the
roller surfaces become more heated and the cooling
load increases. In 4-stage compressors, it is possible
to obtain more efficiency by reducing the gas temperature in the pressure increase process. There are
many studies in the literature that mostly focus on
compressors used in cooling systems and on different types of compressors preferred for obtaining
compressed air in industrial plants. However, studies
on piston-type CNG compressors used in applications for compressing natural gas to high pressures
are limited.
The purpose of this study is to analyze the energy and exergy of the 3- and 4-stage CNG compressor systems and guide designers and researchers in
this area. Unlike the studies in literature, work, entropy production, power and efficiency effect of the

number of stages in piston type compressors have
been investigated in detail. The number of stages
were evaluated in terms of duration of filling and energy consumption.
&$%! &"%

The 3- stage and 4-stage compressors shown in
Fig. 1 are used at filling stations in different regions
to fill CNG to public transport vehicles of Ankara
Metropolitan Municipality. These compressors compress the gas at different levels in the same capacity
as given in Table 1. Both compressors have an external cooling system.


, <=,20!.97:;0<<9;

Abbreviation
Trade-mark
Capacity (Sm3/h)
Power (kJ/kg)
Cooling system
Noise (dB)




- <=,20!.97:;0<<9;
'$ 
97:;0<<9;<><0/48=34<<=>/B

& 
&0.384.,64819;7,=49891.97:;0<<9;<
%=,20
%=,20
!
!
97:;0<<9;
97:;0<<9;
CNG-3
CNG-4
BRC Compressor
BRC Compressor
1500
1500
600
560
Air+water+glycol
Air+water+glycol
75
80
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In the compressors used in the study, as shown
in Fig. 2. natural gas is taken from the city distribution line and compressed at high pressures. The compressed gas in the compressor is stored in tanks and
the buses are filled from tanks via dispensers. Compressors with a high flow rate are preferred for filling
the tank of buses used in urban passenger transportation.
CNG is a gas that needs to be cooled while being compressed. Since the cooling on the compressor
body is not enough, intercooled progressive compression is needed. In the two compressors used in
operation, cooling process is done at constant





pressure as shown in Fig. 3. After each cooling operation, the gas is reduced to the temperature before
compression.
80;2B 8,6B<4< Conservation of mass and
energy for a control volume in steady-state conditions, are respectively given as Eqn. 1 and Eqn 2.
Where g is the input for each stage, the output of the
three indices, Q is the heat transition, W is the power
and h is the enthalpy. While conservation of energy
equations are used in the study, kinetic and potential
energy changes are neglected [3].
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Three different situations can be considered to
determine the effect of cooling during compression
in compressors. These are isentropic change of state
without cooling, polytropic change of state with
cooling in small quantities, isothermal change of
state with large amount of cooling. In the study, the
cooling process in the CNG compressors was carried
out with the assumption of polytropic change of state
[4].
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the temperature at the transition point in the compressor is equal to the ambient temperature, so the
exergy passage with heat is taken as zero. Eq. (6) is
used for compressor irreversibility and Eq. (7) is
used for intercooler irreversibility. The entropy production used in the calculation of irreversibility is
defined from Eq. (8) for each step, assuming that the
specific heat is constant.
Isentropic yield of a continuous flow CNG
compressor is the ratio of work required to actual
work to compress by isentropic change of state.
Since CNG compressors with a cooling system are
not adiabatic, the isentropic process was not used as
a model in the study. It has been evaluated for comparison purposes in terms of showing the best condition. From Eq. (9) second law efficiency, from Eq.
(10) reversible work has obtained for each steps.
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When the analyses were carried out for CNG,
the methane properties given in Table 2 were taken.
Since 1<n<k in the polytropic base gas, for CNG n =
1,2.

(10)

& 
3,;,.=0;4<=4.<91 0=3,80
#;9:0;=40<
Gas Constant
Specific Heat at Constant
Pressure
Specific Volume Rate
Critical Pressure
Critical Temperature

$%$!!!%

The performance tests of the CNG compressors
in operation were carried out on a day when the gas
inlet temperatures were 283 K. After the system continuity was maintained by these compressors initially
operated for a certain period of time, the values were
read from the control panel. After starting the compression process, the inlet and outlet pressure values
at each stage given in Table 3 are shown. The inlet
and outlet pressures of both compressors were the
same. When the pressure increase rates between the
stages of the compressors are taken into consideration, the pressure increase rate at the first stage is
much higher than the other stages.

= 0,5182 kJ/kg.K
1
=
2,2537
kJ/kg.K
 = 1,299
,2 = 4,64 Bar
,2 = 191,1 K

A0;2B8,6B<4<The least amount of work in
CNG compressors occurs when the compression is
reversed internally. It is an economical way to reduce the temperature of the gas during compression
to reduce irreversibility. For this reason, intercooled
stepped compression is performed in high pressure
gas compressors. The irreversibility for the CNG
compressor running on steady-state conditions is due
to the compressor and the cooler [5]. In operation,
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When the energy analysis of the compressors is
performed, the data obtained from the experimental
measurements are used in the theoretical calculations. Power and efficiency calculations were done
by using the energy of pressure, flow, temperature,
electricity and cooling systems in compressors. In
order to calculate the consumed work in the compressors, the area of the region below the P-v diagram given in Fig. 4 is used. In piston type CNG
compressors, the volume decreases continuously at
the stages and the pressure increases at the end of
compression [6]. As the number of stages increases,





the difference between the compression steps decreases and the cooling becomes better.
When the state changes are examined in terms
of the second law, temperature-enthalpy diagrams
were used to calculate the amount of heat transferred
from the system [7]. The variation of the temperature
difference in each stage of the CNG compressors according to the enthalpy difference in study is given
in Fig. 5. Since the temperature and pressure difference increases between the stages during the compression, entropy generation and irreversibility also
increase.
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1st Stage
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491,20
105,29
193,70
-

0,105
0,082
0,077

42 (kJ/kg)

221,90
177,37
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121,40

*)/ (kJ/kg.K)

0,106
0,095
0,082
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29,71
28,22
30,15
28,67
23,26
18,60
28,01
22,90
22,06
16,54
23,46
18,29
24,32
15,82

Non-quasi-equilibrium compression and irreversibilities such as friction causes entropy generation in each stage in CNG compressors. It is a common practice for these compressors to assume a constant specific heat in entropy calculations. Since the
compressors in this study are types of continuous
flow systems, the generated entropy is found at each
stage depending on temperature and pressure, and is
given in Table 4. The reversible work in each stage
of the compressors is calculated using Eq. (10). As
the pressure in the first stage of CNG-3 increases by
about 12 times during compression, the maximum
work requirement occurs in that stage as seen in Table 4. Similarly, the work requirement in the first
stage of CNG-4 compressor is higher than other
stages.

The enthalpy-entropy diagram is used in CNG
compressors to show the work done at each stage and
the irreversibilities that occur. For the two
compressors with different number of stages in the
study, when the variation of enthalpy difference
(Δh), entropy difference (Δs) at each stage given in
Fig. 6 is examined, more irreversibility occurs with
increasing work done at each stage.
In CNG compressors, the source of irreversibility can be considered as a compressor and an intercooler. Since the irreversibilities in the coolers increase the temperature during compression, the
losses in the compressor are due to the design and
materials. As shown in Table 5 for both compressors,
the irreversibility is higher than the other stages due
to the high pressure and temperature increase in the
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first stage.
While calculating the power required to compress the gas, considering the three different states of
change. The upper limit of isentropic state change
was determined as the upper limit according to the
results given in Table 6. However, there is an external cooling system in the compressors, adiabatic
condition is not provided. For this reason, the polytropic state change is accepted as the ideal model,
and the polytropic state change is used for the comparison with the real cycle. Since the inlet temperatures and pressures are the same for CNG-3 and
CNG-4, the power value obtained from the isothermal state change was found to be 632 kJ / kg in both
compressors.
In compressors with two different stages in the
study, the required power value for compressing air

was compared to compressing CNG. In comparison,
the inlet pressure of the air in the compressors, the
temperature, and the outlet pressures at each stage
are assumed to be the same. Polytropic change of
state was chosen as a model for air compression. In
this change of state, the required power was obtained
by taking the polytropic exponent n = 1,3 for air. In
the case of air compression, less power is consumed
in both compressors as given in Table 7.
In thermodynamic calculations, second law efficiency was used to show how close it is to the reversible change of state. In the study, the ratio between the calculated reversible work at each stage
and the actual power experimentally determined was
calculated. In the stages where the pressure increase
rate is high, the second law efficiency decreases as
shown in Table 8.
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Total energy costs [$]
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Total energy costs [$]

The total irreversibility in the compressors was
obtained from the values of the compressor and the
cooler given in Table 5. Fig. 7. shows the relationship between the irreversibility that occurs and the
second law efficiency at each stage in the compressors. As the irreversibility decreases in CNG compressors at every stage during compression, the efficiency increases.
The pressure-flow diagram obtained in the experimental measurements is given in Figure 8. It was
determined that the flow rate in CNG compressors is

700
69,04
11.4
540
53,25
8,79

reduced when the pressure is in the range of 80 to
100 bar. In natural gas compression, the 80 bar point
can be interpreted as a critical pressure value at
which the balancing begins.
The total energy consumption cost given in Table 9 is calculated by taking the power of the electric
motor in the compressor and the compression times
at each stage into consideration. The high-capacity
CNG compressors also reduce the charging time and
the total energy cost by increasing the number of
stages in the same operating conditions.
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Piston type compressors are preferred for CNG
compression at high pressures. The number of stages
in these compressors are important in terms of energy efficiency, filling time, and investment cost. For
the 3- and 4-stage CNG compressors in the study, the
following results were obtained from the energy and
exergy analyses performed in the experimental results;
• The number of stages in piston-type CNG
compressors is important. In compressors with 3
stages, high pressures can be achieved at low levels.
In this case, the cylinder surface temperature increases and the cooling load increases.
• As the number of stages is 4, the number of
cooling is higher, so the pressure increase is more
efficient by decreasing the gas temperature.
•
On the compressors with 4 stages, due to
low temperatures on cylinder surface temperatures,
less deformation occurs.
•
Increasing the number of stages in CNG
compressors increases the cost.
•
In compressors, most of the work
happens in the 1st stage. The reason is that the 1st
stage pressure increase rate in both compressors is
higher than the other stages. For example, in 3 stage
compressors, the pressure increase rate in the first
stage is about 12.
•
There are irreversibilities in the
intercooler and compressor in CNG compressors. In
order to increase compressor efficiency, it is
necessary to decrease and minimize cooling losses.
•
Improvements in compressor design will
increase efficiency. In particular, the heat losses in
the cylinders must be reduced.
•
The second law efficiency in the compressor ranges from 75% to 82%. Although the
yields obtained are appropriate in terms of literature
and thermodynamic laws, the system efficiency can
be increased by reducing irreversibilities.
•
Compressing CNG in the same type of
compressors is more costly than compressing air. For
this reason, while designing the compressor at high
pressures, physical, chemical and thermal properties
of the gas to be compressed must be considered.
•
On the same experimental conditions, the
3-stage compressors fill the storage tanks in 700 seconds and the 4-stage compressors in 540 seconds fill
the storage tanks. Duration of the process is important in compressors. In this respect, 4-stage compressors are more efficient.
•
In CNG compressors, it is observed that
the 1st stage has the highest level fault frequency.
The first stage pressure increase rate and the temperature increase are higher. Since the irreversibilities
are high in the first stage, the piston and cylinder in
this stage should be carefully examined in the
maintenance control work of the CNG compressors.
•
CNG compressor enters in summer and

winter conditions with different temperatures. Cooling, especially during the summer, causes a great
deal of stress. On very hot days, the compressors are
not operated when the output temperature rises
above 14 ° C. Compressing CNG in the winter is easier than in the summer.
•
As a result, it is more appropriate to
choose 4-stage CNG compressors in countries where
outdoor temperature is high in the summer like in
Turkey. For countries with high outdoor temperature, a 3-stage compressor is associated with cooling
problems.
$(&"!%
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The electrical properties of the diaphragm
muscle low and high temperatures have been studied at previous studies, but there is very little information in the literature as to what changes occur
during temperature changes. Therefore, this experimental study was designed to investigate the effects of temperature changes on electrical properties
of Wistar rat diaphragm muscle in vitro. Muscle
strips were removed from the ventral-costal regions
of rat diaphragm muscles, placed into the organ
baths containing Krebs solution and recorded at 22,
25, 30, 35 and 37ºC. Parameters (depolarization
time, half repolarization time, amplitude, overshoot,
and latency) of action potential and resting membrane potential measured by using the conventional
glass capillary electrodes at different temperatures.
Though not significant, amplitude of resting membrane potential was observed to decrease when
temperature was increased from 22ºC to 37ºC.
Also, the significant decrements in parameters of
action potential occurred with increasing temperature. Our results demonstrated that in rat diaphragm
muscle, action potential parameters are temperature-sensitive because depolarization time, half
repolarization time, amplitude, overshoot, and latency were significantly reduced with rising temperature.



function of the diaphragm muscle is associated with
ion channels, membrane excitability and muscle
activation. There are many factors such as longterm mechanical ventilation support [4] and chronic
obstructive pulmonary disease [5] that affect the
function of the diaphragm muscle. Due to these
factors, the diaphragm muscle is adversely affected
and cannot perform its electrical functions properly.
Ion channels play an important role in contraction and relaxation of the diaphragm muscle. K+
and Cl- channels act to determine membrane potential to control muscle activation. In addition, Na+
channel together with the K+ and Cl- channels controls the release of Ca+2 ion from sarcoplasmic
reticulum by determining the duration and amplitude of the action potential. Thereby the released
Ca+2 ions determine strength of the muscle contraction [6]. At the same time, the sensitivity of ion
channels to temperature change has been expressed
in previous studies [7-10]. Previous studies showed
that decreasing or increasing temperature affect
functions of the rat diaphragm muscle [6, 11, 12].
Therefore, action potential parameters and thus
functions of the rat diaphragm muscle can be expected to change with temperature by the kinetics
of ion channels.
In previous studies, the parameters of the action potential have been observed at different (low
or high) temperatures [6, 13-15] and at increasing/decreasing temperature [11, 16]. In other studies, the effects of increasing/decreasing or different
(low or high) temperatures on the ion channels in
the diaphragm muscle were investigated [7-10].
Thus, in this experimental study, we aimed to determine the effects of increasing temperature
changes from cold to warm on electrical properties
of rat diaphragm muscle.


#"

3/2'17 Twenty male Wistar albino rats
(220–260 g) were obtained from the Animal House
of the School of Medicine, Çukurova University.
Rats were housed in specific cages. A 12-h
light/dark cycle was maintained and the rats were

&%!"
Action potential parameters, diaphragm muscle, microelectrode, rat, temperature changes
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Diaphragm, dome-shaped, is a membranous
and muscular structure that separates the abdominal
and thoracic cavities. The diaphragm is a skeletal
muscle and consists of three types (I, IIa and IIx) of
muscle fibers [1]. Crural and costal regions of the
diaphragm receive motor innervation from a phrenic nerve [2]. Diaphragm is the most important and
basic respiratory muscle, and responsible for more
than 60% of the vital capacity [3]. Regulation of the
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glass capillary electrodes. Electrodes (outer diameter 1.0 mm and tip resistance 10-30 MΩ) were
filled with 3 M KCl and were electrically coupled
to the input of a high-impedance amplifier (Nihon
Kohden, Japan) equipped with capacitance compensation facilities. The exploring electrode with an
angle 50° was mounted on a micromanipulator
(vertical movement accuracy: 0.01 mm). The indifferent electrode at 2.0 cm away from the exploring
electrode was placed at the incubation bath.
Records were digitized and analyzed using a
computer-based data acquisition and analyzing
system allowing for online determination of the
resting membrane potential and action potential
parameters (latency, depolarization time, amplitude,
half repolarization time and overshoot) after a stabilization period of about 30 minutes for each temperature.
Action potential properties were characterized
as follows: amplitude (difference between resting
membrane potential and the peak positive voltage),
overshoot (amount by which voltage exceeded 0
mV at the peak of the action potential), depolarization time (time required for the depolarizing phase
to go from 10 to 90% of action potential height),
half repolarization time (time required for the action potential to repolarize 50% of the way back to
resting membrane potential) and latency (duration
of action potential).

feed ad libitium. The study was approved by the
local ethics committee of Çukurova University.
Animal care and experiments conformed to the
Guide for the Care and Use of Laboratory Animals
published by the U.S. National Institutes of Health,
and approval of the ethics committee of our institution was obtained before the commencement of the
study.

#/779+ 6+5'6'8/43 The diaphragm muscle
preparations were prepared according to the method
described by Kelsen and Nochomovitz [17]. After
rats were killed by decapitation, diaphragm muscles
were rapidly removed and muscle strips (n=20)
were cut from the ventral-costal regions of diaphragm muscles. Weight and length of the muscle
strips were 53.4±6.2 mg and 1.8±0.2 cm, respectively. They were placed between platinum electrodes and kept in organ bath containing 20 ml of
Kreb's solution (Fig 1). The composition of the
Kreb's solution was as follows: 118 mM NaCl, 4.69
mM KCl, 2.5 mM CaCl2, 0.6 mM MgSO4, 1.17
mM KH2PO4, 25 mM NaHCO3 and 11.1 mM glucose. The organ bath solution was continuously
bubbled with a gas mixture (5% CO2 - 95% O2).
The pH was kept between 7.35 and 7.45. Temperatures set to 22, 25, 30, 35 and 37ºC, respectively.
1+)8645.<7/414-/) !+)46*/3-7 Transmembrane potentials were recorded using conventional



$!
").+2+4,8.+46-'3('8.'3*6+)46*+6,462+'796+2+384,6+78/3-2+2(6'3+548+38/'1'3*')8/43
548+38/'14,/741'8+*6'8*/'5.6'-2297)1+
DT: Depolarization Time, ½ RT: Half Repolarization Time, V: Amplitude, L: Latency
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"8'8/78/)'1 3'1<7/7 Statistical analysis performed using SPSS 11 software (Lead Technologies, Charlotte, NC). All data represent means ±
standard error of the mean (SEM). Statistical analysis was performed by one way analysis of variance
(ANOVA) and subtest was paired-t-test. The differences were considered to be significant at p<0.05.


!"$#"

When temperature was increased from 22°C to
37°C, the amplitude (6%) and overshoot (18%) of
action potential markedly reduced (p<0.001) (Table
1 and Fig 3). Similarly, latency (%56), depolarization time (65%) and half repolarization time (64%)
of action potential significantly decreased with
increasing temperature (p<0.001) (Table 1 and Fig
4).
"$""

This study examined resting membrane potenIn the present study, we studied the effects of
tial and action potential parameters from isolated
temperature changes on electrical properties of the
rat diaphragm muscle fibers at 22, 25, 30, 35 and
37ºC. The effects of temperature were studied in 20
rat diaphragm muscles. In our study, diaphragm
muscle was selected in our study because of the fact
fibers at each of the five study temperature.
Table 1 shows that resting membrane potential
that the most important muscle of the respiratory
and action potential parameters (amplitude, oversystem. There are limited studies on temperature
shoot, depolarization time, half repolarization time
effects on the rat diaphragm muscle [6, 11, 12].
and latency) of isolated rat diaphragm muscle were
Therefore, different temperatures as hypothermia
recorded using conventional glass capillary elec(22 and 25°C), mild hypothermia (30 and 35°C)
trodes.
and isothermia (37°C) were selected. However, the
Resting membrane potential did not affect at
mechanism of electrical properties of the diaphragm
temperature between 22 and 37°C (Table 1 and
muscle at different changes could not to be clearly
representative waveform in Fig 2). When temperaexplained. For this reason, we aimed to determine
ture was increased, resting membrane potential was
the effects of temperature changes on the diadecreased, but this decrement did not significantly
phragm muscles’ electrical characteristics.
(p>0.05).

#
!+78/3-2+2(6'3+548+38/'1'3*5'6'2+8+674,')8/43548+38/'16+)46*+*,642/741'8+*6'8*/'5.6'-2
297)1+'8*/,,+6+388+25+6'896+73 

Resting Membrane Potential (mV)
Amplitude (mV)
Overshoot (mV)
Depolarization Time (ms)
Half Repolarization Time (ms)
Latency (ms)
Values were calculated as mean±SEM

-75.7±2.4
100.4±5.1
25.0±2.4
1.7±0.5
1.1±0.2
4.6±0.7

#+25+6'896+>

-75.0±2.2
-74.2±2.4
-74.0±2.7
98.0±5.2
95.2±5.4
93.0±5.9
24.6±3.3
21.7±3.0
20.1±3.4
1.2±0.3
0.8±0.2
0.7±0.1
0.9±0.2
0.6±0.1
0.4±0.1
3.8±0.3
3.1±0.3
2.2±0.2

-73.8±2.6
92.3±6.0
19.0±3.1
0.6±0.1
0.4±0.07
2.0±0.4

5:'19+
p>0.05
p<0.001
p<0.001
p<0.001
p<0.001
p<0.001




$! 
!+56+7+38'8/:+;':+,46274,')8/43548+38/'176+)46*+*,642/741'8+*6'8*/'5.6'-2297)1+'8
'3* ?8+25+6'896+7
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Our results showed that parameters of action
potential were markedly reduced with increasing
temperature, although resting membrane potential
did not significantly change.
The present study, as well as others, has
demonstrated that resting membrane potential did
not affect at temperature between 22 and 37°C.
From our findings [13, 18] together with previous
results [6, 11, 15], it could be concluded that different temperatures between 22 and 37°C were not
altered on resting membrane potential of the diaphragm muscle. Van Lunteren et al. [6] found that
resting membrane potentials were 71.1±0.9 mV and
73.6±1.7 mV at 37°C and 20°C, respectively. Delbono and Kotsias [15] (75.6±3.2 mV at 30°C) reported similar finding. Contrary to these studies,
Ruff RL [16] found that resting membrane potential
was 98.3±1.1 mV at 25°C and when temperature
was increased, resting membrane potential was

increased but this increment did not significantly.
Hence, our data and earlier investigations [6, 11,
15] indicating that an increment of temperature
between 22 and 37°C had no effect on the amplitude of the resting membrane potential of the rat
diaphragm muscle.
In the present study, we found that when temperature was increased, the amplitude and overshoot of action potential markedly reduced. Similarly, depolarization time, half repolarization time
and latency of action potential significantly decreased with changing temperature between 22°C
and 37°C. Many researchers showed that whether
changes in action potential parameters may be influenced by increasing temperature because of the
sensitivity of ion channels to temperature [7-10].
Amplitude, overshoot and latency of action
potential were determined between 22 and 37°C in
our study. Similar results were found in other stud-
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ions move out of the cell and the pump activity
increases. Thus, the cell is ready for a new potential
for action.
In conclusion, this report suggests that when
temperature was increased, while the resting membrane potential of diaphragm muscle didn’t change,
parameters (depolarization time, amplitude, overshoot, half repolarization time and latency) of action potential significantly reduced in the rat diaphragm muscle. Changes in action potential parameters with increasing temperature has been tried to
be explained by the sensitivity of the ion channels
to the temperature. Further investigation is needed
to elucidate kinetics and roles of ion channels with
changing temperature in the rat diaphragm muscle.


%#"

ies; Alkis et al. [13] found that amplitude level is
96.0±0.52 at 30°C, Van Lunteren et al. [6] found
that amplitude levels are 93.8±2.9 and 101±3.3 at
37°C and 20°C, respectively. Obtained results indicated that increased temperature markedly decreased the amplitude and latency of action potential. The results of our study seem to be consistent
with other studies [6, 16]. The formation of action
potential can be limited by the temperature. The
flow of ionic currents and then conduction of membrane enhanced with raising temperature. On the
contrary, membrane conduction is blocked at low
temperatures. The results of temperature changes
on parameters and hence shapes of action potential
indicate temperature effects on conductance and
interactions. When the temperature rises, the duration and amplitude of the action potential is reduced
and also the membrane becomes hyperpolarized.
Conversely, membrane at low temperatures becomes polarized [19].
Depolarization time is one of the parameters
of action potential. In the depolarization process of
the membrane, the cell becomes more depolarized
by entering Na+ into the cell. In the cell membrane,
which is more depolarized, it causes more Na+
channels to open and hence potential of the membrane quickly rises to equilibrium potential of Na+.
Meanwhile, K+ channels activated and potassium
ions are out of the cell from these channels. Therefore, potential of the membrane cannot reach to
equilibrium potential of Na+ [20]. In this study,
depolarization time of action potential were determined at different temperatures and significantly
decreased with increasing temperature from 22°C
to 37°C. Similar finding was found at another study
[6]. The shortened depolarization time may be due
to change of the structure and the channel function
of the Na+ channels with increasing temperature.
In the present study, we found that half repolarization time was significantly decreased with
increasing temperature. Our results are in accordance with other studies [6, 11]. Potassium ions,
potassium channels, and Sodium – Potassium
pumps play an important role in the half repolarization phase of the action potential process. In addition, calcium ions are involved in many biological
processes such as effects on ion channels, neurotransmitter uptake and muscle contraction [21]. As
the known effects of temperature on biological
processes and channel conduction were estimated,
the half repolarization time of the action potential
was found to be shortened with increasing temperature. The shortening of the repolarization time
means that the time required for the formation of a
new action potential is reduced when the cell receives another stimulus. In this process, with the
increasing temperature, the input of calcium ions
into the cell increases and consequently the number
of opened potassium ion channels and potassium
channel currents increases. Then more potassium
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ABSTRACT
Coal mining areas typically use coal gangue to
infill mined areas. The effect of adding coal gangue
to the overall soil characteristics in these areas is an
area of research which is often not investigated.
The distribution of aggregates and organic carbon
mineralization in a soil are importance indices for
examining the improvement of the soil, indices
which may have detrimental effects on soil organic
carbon (SOC) dynamics and soil aggregate stability. However, few investigations have been undertaken on the distribution of aggregates and organic
carbon mineralization in reconstruction soil. Thus,
soils from the Huainan mining area were investigated. Surface soils (0-10 cm) from normal land
and reconstruction soil that the overburden depths
are 15-40 cm, 40-60 cm, 60-80 cm and 80-100 cm
were collected. The soils were classified according
to aggregate size (2, 1, 0.5, 0.25, 0.1 and 0.053 mm)
and SOC content of the aggregates, and they were
subjected to a 30-day soil carbon mineralization
incubation experiment. The normal soil contains
more SOC content, C mineralization potential and
better aggregate stability as it contains more aggregates greater than 2 mm in size than the reconstruction soil. The presence of coal gangue exerts significant influence on SOC accumulation, aggregate
distribution, SOC content in the aggregates and C
mineralization of the topsoil. The SOC content in
the macro-aggregate has a significant negative
correlation with the mineralization rate and SOC is
beneficial to the formation of macro-aggregates and
the stability of soil aggregates. As a general rule,
the greater the SOC content, the greater is the macro-aggregate and the higher is the stability of the
soil aggregates. This study demonstrated that the
effects of coal gangue on topsoil decreases with an
increasing thickness of covering soil. The optimum
thickness of soil cover for the reconstructed soil is
>80 cm.

INTRODUCTION
Soil aggregates, a main component of soil,
have important effects on the physical and chemical
characteristics of soils, as well as influencing soil
erosion [1, 2]. Water and solute movement in aggregated soils is largely dependent on the hydraulic
properties of the soil aggregates, such as hydraulic
conductivity, infiltration, sorptivity and retention
[3]. The quality and quantity of soil water stable
aggregates determines the stability of the aggregates, with aggregate stability being one of the
major factors effecting erosion; erosion rates are
predominantly controlled by processes which
breakdown aggregates [4]. Thus, the quality and
quantity of soil water stable aggregates are typically
selected as the main indices to assess soil erosion
resistance in aggregates.
In recent decades, mining activities have
caused serious damages to the soil, drastically disturbing the soil organic matter (SOM), edaphon and
affecting the soil management practices, which are
the main factors that affect aggregate stability [5].
The formation and stabilization of water-stable soil
aggregates and macro-aggregates in soils are also
influenced by organic matter and micro-organisms
[6]. Organic cementing substances provided by
organic matter and micro-organisms are especially
important for the formation of soil aggregates [7]
whilst arbuscular mycorrhizal fungi effectively
improves the structure and stability of aggregates
[8, 9]. Management practices which increases both
SOM content and soil aggregation include the practice of no-tillage; conventional tillage in comparison with no-tillage significantly reduces macroaggregates with a significant redistribution of aggregates into micro-aggregates [10]. However, few
studies researched the stability of the aggregate in
the mine soils during the reclamation.
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&KLQD 1ƍ(ƍ +XDLQDQFLW\LVORFDted in the temperate zone of the continental monsoon climate area, having 2279 average sunshine
hours annually, a mean temperature range of 14.3 to
16.0ć, mean annual rainfall of 937 mm and a relative humidity of 76%. The study area, approximately 52,000 m2 in area, is a coal mining subsidence
ecological restoration area which was repaired 10
years ago and planted with shrubs and trees. The
plant species, plant density and management strategy of study area were similar. Basically, it is an
area that had not been effected by human disturbance after reclamation. The restoration area was
repaired using coal gangue (mainly mud) overlaid
with a topsoil which was a loamy clay from the
stripped topsoil of the subsidence area. The range
of thickness of the covering soil was 15-100 cm.

In addition, soil aggregation that provides
physical protection of organic matter against rapid
decomposition can influence the process of soil
organic carbon (SOC) mineralization [11]. The
SOC mineralization rate varies with different aggregate sizes. SOC in micro-aggregates will be
more stable and resistant to degradation, and the
turnover of SOC is more rapid in macro-aggregates
compared with micro-aggregates [12]. SOM is
commonly used as a nutrient and energy source for
soil microorganisms [13] whilst the process of SOC
mineralization can release nutrients and energy;
carbon mineralization is important for the reliable
prediction of carbon dynamics. Previous investigations have shown that there are numerous factors
which influence the process of SOC mineralization.
Rey et al. (2005) [14] found that the sensitivity of
mineralization to changing temperatures did not
change with changes in soil moisture, whereas
moisture content was significantly affected by
changes in temperature. Fang et al. (2005) [15]
showed that SOM decomposition was significantly
affected by changes in SOM components associated
with soil depth, sampling method and incubation
time, however, the temperature for SOM decomposition was not affected.
Land subsidence due to coal mining activities
is a complex deformation process which can result
in the destruction of the soil structure. One commonly used remediation technique for these areas is
the use of coal gangue as the matrix for rehabilitating subsided land. Remediation techniques using
coal gangue however have raised important concerns, such as ground water pollution, its effect on
soil aggregates and SOC. Soil aggregates have an
important effect on soil structure and SOC mineralization which reflect soil quality, thus the distribution of soil aggregates and organic carbon mineralization are important indicators to assess rehabilitated soils. However, few investigations have been
undertaken on the distribution of aggregates and
organic carbon mineralization in reconstruction
soil. Thus, to gain a better understanding of aggregate distribution and organic carbon mineralization,
reconstruction soil having a thickness of 15-100 cm
was analyzed, and differences between the reconstruction soil and natural soil were investigated. To
investigate these differences, surface soil (0-10 cm)
was collected from reconstruction and natural soil
areas from which soil aggregate groups were examined (2, 1, 0.5, 0.25, 0.1 and 0.053 mm), SOC content in the aggregates was analyzed and a 30-day
soil carbon mineralization incubation experiment
was undertaken.

FIGURE 1
The study area and sketch map of the sampling
points
Soil sampling and analysis. According to the
thickness of the covering soil, the study area was
divided into four sites: A (15-40 cm), B (40-60 cm),
C (60-80 cm) and D (80-100 cm), respectively (Fig.
1). Two sampling plots (20×20 m) were established
in each site in which three sampling points were
chosen. In addition, there are three sampling points
near by the study area in normal land as CK. The
profile structure of normal land and reconstruction
soil see in Fig. 2. Four soil samples were collected
from each sampling point. Soil surface samples
were collected using a cutting ring to measure bulk
density and moisture content in the laboratory, as
per the methods of [16]. Soil samples from the top
10 cm layer were also collected in normal land and
study area, remove impurities and air-dried. The

EXPERIMENTAL METHODS
Study area. This study was carried out in the
Panji district of Huainan, Anhui Province, east
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total SOC analysis. All of the aggregates retained
on the sieves were considered as water stable aggregates.

soil samples were then subjected to routine soil
analysis methods to characterize the soils. The
particle size distribution of the soils was measured
according to the methods of using a Rise-2006 laser
particle size analyzer [17]. Soil pH was measured
using a soil to water ratio of 1:5, as per the method
of [18]. Soil organic carbon was measured following the method of [19] by extracting 0.5 g soil samples with 10 ml of 1 mol/L K2Cr2O7 and 20 ml of
concentrated H2SO4 at 150 °C for 30 min. Extracted
solution was then titrated with standardized FeSO4.
All of the results for these analyses are shown in
Table 1.

Incubation experiment. Soil carbon mineralization was analyzed using a 30-day incubation
experiment [20]. Soil samples were saturated to
70% field capacity moisture content and placed in
500 ml jars at room temperature (25 ć). Within the
500 ml jars, 15 ml open top vials containing 10 ml
0.1 mol/L NaOH were inserted to trap CO2 produced by the incubated soil samples. Every soil
sample was replicated 3 times and 3 control jars
were prepared which only contained the NaOH
solution in the vials. The amount of CO2 produced
during incubation was determined by titrating the
NaOH solution with 0.05 mol/L HCl. The 15 ml
vials were removed after 1, 3, 5, 9, 16, 23 and 30
GD\V¶ LQFXEDWLRQ $IWHU HDFK PHDsurement each
sample was returned to ambient oxygen levels by
leaving the incubation jars open for 1 h. The NaOH
vials were refreshed before being inserted back into
the incubation jars. The 500 ml incubation jars
containing the wet soil aggregates were weighed
prior to incubation. The incubation jars were reweighed after each experiment period and any
moisture loss was replaced by the slow addition of
distilled water using the atomizer.

Aggregate experiment. Bulk soil samples
were dried at 40 °C until a constant weight was
achieved before being crushed by applying a vertical force using a manual soil crusher. Samples were
pre-sieved using 8 and 4 mm sieves. Soil aggregates retained on the 4 mm sieve were collected,
from which 25 g were taken and wet sieved (the
samples were pre-wetted with an atomizer). The
wet sieving process was replicated 30 times for
each sample to isolate enough aggregates for analyses, using six sieves of 2, 1, 0.5, 0.25, 0.1 and
0.053 mm mesh. The aggregates retained on each
sieve were dried at 40 °C until a constant moisture
content was achieved. After recording the aggregate
weights in each size fraction for each soil sample, a
portion of the aggregates were finely ground for

Covering soil

Coal gangue

CK

A

B

C

D

FIGURE 2
The profile structure of normal and reconstruction soil. The thickness of the covering soil: A (15-40 cm), B
(40-60 cm), C (60-80 cm) and D (80-100 cm)
TABLE 1
Selected physical and chemical properties for the 0-10 cm soil layer from normal and reconstruction soil
Study area

Thickness of
covering soil (cm)

Sand (%)

Silt (%)

Clay (%)

Water
Content (%)

pH

A
B
C
D
CK

15-40
40-60
60-80
80-100
²

31.05
32.35
30.44
30.86
33.82

39.97
37.67
35.97
38.37
37.22

28.98
29.98
33.59
30.77
28.96

25.93
26.33
23.94
23.94
26.55

7.98
7.92
7.89
7.89
7.98

8884

Bulk
density
(g cm-3)
1.49
1.45
1.52
1.52
1.52

SOC
(g kg-1)
3.16
5.71
5.32
6.22
8.49
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aggregates. Moreover, during the process of reconstruction, reconstruction soil will inevitably be
compacted by machinery. Lu et al. (2015) [22]
found that mechanical compaction plays a significant role determining the proportion of macroDJJUHJDWHV  PP  DQG VPDOO-sized (<0.002
mm) aggregates. Results indicated that fewer compaction events resulted in more macro-aggregates
forming from small-sized aggregates. Secondly, the
distribution of aggregates differs under different
thicknesses of covering soil. As the thickness of the
covering soil increased, the content of aggregates
>2 mm and <0.053 mm increased, however there
was no obviously rule for the fractions in-between
(0.053-2 mm).

Statistical modeling and analyses. To calculate non-linear models for cumulative carbon mineralization rates, the following equation was used
[21]:
(1)
where, Cm is the cumulative C mineralization
rate; C0 is the mineralization potential of C; k is the
rate constant for the pool; and t is time.
Aggregate indices were calculated according
q
to the followingg equation:
(2)
where, MWD is mean weight diameter (mm);
yi is the proportion of each size class with respect to
the total sample; and xi is the mean diameter of the
size class (mm).
Analysis of variance (ANOVA) was performed using SPSS software. Significance was
accepted at p < 0.05 in all cases. Linear regressions
and coefficients of determination (R2) were used to
describe the relationship between aggregate and
SOC.

SOC content of aggregates. Results from
SOC analysis (Fig. 3) show that the SOC content of
reconstruction soil was significantly lower than that
from natural soil; SOC contents were in the order of
CK>D>B>C>A. The SOC content decreased after
the addition of reconstructed soil, and the thickness
of the soil cover exerted a significant influence on
SOC content. In the reconstruction soil, the SOC
content generally increased from 3.16 to 6.22 g/kg
as the thickness of the soil cover increased. The
SOC content of Plot D was the highest (6.22 g/kg)
with Plots B and C having similar results (5.71 and
5.32 g/kg, respectively) (Table 1). The SOC content
in the aggregates also differed between the CK and
the reconstruction soil (Fig. 2). For the CK, the
SOC content in each class size was higher than that
in the reconstruction soil, except for aggregates >2
mm in Plots B and C, where SOC content in aggregates 0.053-1 mm in size were the highest. In the
reconstruction soil, the SOC content varied as the
thickness of the covering soil changed. The SOC
content of Plot A for each class size recorded the
lowest values and SOC content in Plots B and C
recorded the greatest results for aggregates >2 mm
(7.27 and 7.50 g/kg, respectively). In Plot D, although the SOC content in aggregates >0.25 mm
was lower than those in Plots B and C, total SOC
content in Plot D was greater than those for Plots B
and C, indicating that SOC focused on aggregates
<0.053 mm. Soil aggregates were conventionally
divided into macro-aggregates (>0.25 mm) and

RESULTS
Distribution of water stable aggregates.
Compared with the CK sample, the distribution of
soil aggregates in the examined soils had noticeable
differences (Table 2). For the CK sample, water
stable aggregate size classes were mainly distributed in the >2mm and <0.053 mm fraction sizes,
accounting for 36.03 and 44.64%, respectively;
aggregates from fraction sizes 0.053-2 mm only
accounted for 19.33%. In the reconstruction soil,
water stable aggregate size classes were mainly
distributed in the 0.5-1 mm and <0.053 mm fractions. The content of aggregates in the 0.053-2 mm
fraction were greater than those for the CK sample;
the >2 mm and <0.053 mm fractions were less than
those recorded in the CK sample. The differences
recorded in our results between the CK and the
reconstructed soil can be attributed to two factors.
Firstly, the overlying topsoil from the stripped topsoil of the subsidence area had been broken down
by machinery. Mikha and Rice (2004) [10] found
that conventional tillage in comparison with notillage significantly reduced macro-aggregates, with
a significant redistribution of aggregates into micro-

TABLE 2
Water stable aggregate distribution in normal land and reconstruction soil under different thicknesses
of covering soil
Study area
A
B
C
D
CK

Thickness
of covering
soil
(cm)
15-40
40-60
60-80
>80
²

Water stable aggregate size classes (%)
>2mm

1-2mm

0.5-1mm

0.25-0.5mm

0.1-0.25mm

0.0530.1mm

<0.053mm

6.44
7.20
7.71
8.97
36.03

13.64
16.20
15.85
15.75
4.44

26.10
24.62
23.68
23.21
4.90

16.75
11.17
14.82
12.40
4.45

15.05
14.75
10.05
9.29
3.69

6.22
5.47
5.61
5.68
1.85

15.80
20.59
22.28
24.70
44.64
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orded in our experiment. Average daily mineralization rates in the sample plots ranged from 2.485
mg/kg (Plot D) to 1.974 mg/kg (Plot A) (Fig. 4). In
the incubation process, the diversity in each study
area can be divided into three periods: 0-3, 3-9 and
9-30 days. Firstly, soil carbon daily mineralization
of all study areas was relatively similar, except for
Plot A which recorded significantly lower rates.
Secondly, Plot D and the CK were noticeably higher than the other sites; mineralization results in
Plots A, B and C were generally similar. However,
soil carbon daily mineralization results across the
study area showed a similar pattern of change, with
mineralization rates being greatest on the first day
and then gradually reducing with an increase of
incubation time.

micro-aggregates (<0.25 mm) [23]. Results for
SOC content in Plots B and C mainly recorded a
concentration of macro-aggregates whilst Plot D
and the CK recorded predominantly microaggregates. It is commonly believed that SOC concentration will decline with decreasing aggregate
size [24, 25], while in area of D and CK, we recorded increasing concentrations of SOC with a
reduction in aggregate size. The main reason for the
differences may be due to SOC mineralization, an
occurrence which is discussed in Section 4.2.
Daily and cumulative mineralization of soil
carbon. Results for soil carbon mineralization
showed variation between the CK and the reconstruction soil. The average daily mineralization rate
for the CK was 2.493 mg/kg, the highest rate rec16

>2mm
0.5~1mm
0.1~0.25mm

SOC content (g kg-1)

14
12

1~2mm
0.25~0.5mm
0.053~0.1mm

10
8
6
4
2
0
A

B

C

D

CK

Study area

Carbon daily mineralization (mg kg-1day-1)

FIGURE 3
SOC content in each size fraction aggregate (>0.053 mm) under different thickness of covering soil
12
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D
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23~30

Day
FIGURE 4
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Cumulative carbon mineralization
(mg kg-1)
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D
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0
0
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10

15

20
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Days after incubation
FIGURE 5
Soil carbon cumulative mineralization in natural soil and reconstruction soil.
The measured values were fitted to the exponential increase model, yielding the following equations:
R2=0.98
A: Cm=62.75(1-e-0.080t)
B: Cm=69.45(1-e-0.093t)
R2=0.98
R2=0.98
C: Cm=67.17(1-e-0.100t)
-0.093t
D: Cm=77.22(1-e
)
R2=0.99
CK: Cm=77.39(1-e-0.096t)
R2=0.99

face soil physicochemical properties, such as water
content and temperature, are significantly affected
by the coal gangue layer. The volumetric water
content of a surface layer in a reconstruction soil
composing soil was significantly higher than that
from a reconstructed soil composed of coal gangue
[26]. Moreover, coal gangue will oxidize to release
heat which can influence the temperature distribution between the coal gangue layer and the soil
layer in reconstruction soil. Water content and temperature are the main factors influencing SOC mineralization [14, 27, 28]. Chow et al. (2006) [27]
identified that C mineralization of surface soil increased as temperature increased (in the range of 10
to 30ć) or water content increasing (in the range of
0.3 to 2.0 g/g). Coal gangue layer can inhibit the
continuity of soil for plant growth, thus influencing
biological activity in surface soil, thereby further
affecting plant growth. Under the same farming
conditions, root density, total length of the root
system and production of wheat in a reconstruction
soil composing coal gangue were lower than those
from control soil [29]. These differences in root
density, length of the root system and crop production therefore lead to a decrease in the input quantity of soil organic carbon into the reconstruction soil
from plant roots. Rooting patterns not only directly
affect carbon flux in the soil profile, they also have
a marked effect on carbon input [30]. Cheng at al.
(2014) [31] who also validated that a coal gangue
layer was detrimental to the accumulation of organic carbon found that SOC content was higher in the

Soil carbon cumulative mineralization was
calculated from the results for daily mineralization.
The general trend for soil carbon cumulative mineralization was CK>D>B>C>A, and the mineralization results of CK and Plots D, B and C were similar (Fig. 5). Simulated soil carbon cumulative mineralization using Eq. (1), the cumulative mineralization was generally satisfactorily described or estimated. The fitted curves in Figure 4 show that cumulative mineralization for a covering soil thickness >80 cm (Plot D) was similar to the natural soil
results (CK). Results for Plots B and C (40-60 cm
and 60-80 cm, respectively) can also be seen to be
very similar. These results indicate that the effect
covering soil thickness has on cumulative mineralization can be divided into three levels: 15-40, 40-80
and >80 cm. Therefore, as the thickness of the covering soil layer increased, soil carbon cumulative
mineralization also increased, with a covering
thickness >80 cm having the closest result to natural soil.

DISCUSSION
The effect of a coal gangue layer on SOC
content and distribution in topsoil. Results for the
SOC content of the reconstruction soil were noticeably lower than those for the CK, indicating that the
presence of a coal gangue layer was detrimental to
the accumulation of organic carbon in the surface
soil. Due to the properties of the coal gangue, sur-
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undisturbed soil than coal gangue reconstructed soil
in 0-10, 10-20 and 20-50 cm layers. In addition, our
studies found that with an increase in the thickness
of the covering soil, the SOC content generally
increased. Chen et al. (2016) [32] not only confirmed this result, but also found that the SOC content generally decreased with an increase in the
depth of soil layer and the SOC content of soil layer
profile were higher in thicker thickness of the covering soil than thinner. These results indicate that
the increase of the thickness of the covering soil
can weaken the influences of gangue on soil.
Coal gangue layer can also influence the SOC
distribution in aggregates. The SOC content of
Plots A is the lowest in aggregates, Plots B and C
are mainly distributed in macro-aggregates whereas
SOC in Plot D and the CK are mainly distributed in
the micro-aggregates. It is may due to there was
more carbon input and higher SOC mineralization
rates in Plot D and the CK than in Plots B and C,
because SOC in micro-aggregates will be more
stable and resistant to degradation and, as highlighted by Besnard et al. (2010) [12], turnover of
SOC occurs more rapidly in macro-aggregates
compared with micro-aggregates.

Aggregate stability can influence several aspects of
D VRLO¶V SK\VLFDO EHKDYLRU LW FDQ LQGLFDWH WKDW WKH
topsoil structure of the reconstruction soil has not
only been destroyed due to the process of reconstruction, it can also indicate the influence the coal
gangue layer has had by the quality of the surface
soil not being restored to similar levels as that of
the natural soil. Therefore, the addition of organic
matter into reconstruction soil can probably improve the repair effect when the depth of the covering soil layer is thin.

The effects of thickness of covering soil on
soil aggregates. Soil stability, i.e. how stable the
soil aggregates are, may be determined by the mean
weight diameter (MWD) of the aggregates [33].
Results for the stability of the aggregates (Fig.6)
showed that there was a small change in stability
for the reconstructed soil as the thickness of the
covering soil increased (0.63 ± 0.69 mm from Plot
A ± D). All of the aggregate stability results were
noticeably lower than the result for the CK (0.87),
which mainly determined by macro-aggregates. In
the CK, macro-aggregate size classes were mainly
>2mm (36.03%) with aggregates of 0.25-2 mm
only accounting for 13.79% of the total. This result
also showed that the formation of >2 mm aggregates was very important for the normal land soil in
this area. Thus, the formation of >2 mm aggregates
is also important to repair reconstruction soil. In the
reconstruction soil, the aggregate content >2 mm
increased as the thickness of the covering soil increased, indicating that increasing the thickness of
the covering soil is important to repair the soil. To
better understand the formation process of aggregates >2 mm in reconstruction soil, the relationship
between SOC content and aggregates >2 mm was
analyzed (Fig. 7). The result from this analysis
showed that there is a significant positive correlation between SOC content and aggregate content >2
mm (R2=0.74); high organic matter content in soil
micro-aggregates is more advantageous for the
combination of large aggregates and soil stability
[34]. In the reconstructed soil, the organic matter
content of the micro-aggregate was low, thus not
being conducive for the combination of aggregates.

FIGURE 6
The value of mean weight diameter (MWD) in
normal and reconstruction soil
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The study area

The effects of thickness of covering soil on
soil carbon mineralization. The daily mineralization rate of Plot A was significantly lower, and Plot
D and the CK were noticeably higher than the other
sites, especially in 3-5 days. Thus, the general trend
for soil carbon cumulative mineralization was
CK>D>B>C>A, and the mineralization results of
CK and Plots D, B and C were similar. This may
well be due to SOC content, soil aggregates distribution, soil microbial biomass carbon (MBC) content and enzymatic activity. The SOC content was
CK>D>B> C>A in our study, which can probably
indicate that there was more mineralized carbon
content in Plot D and the CK, such as MBC. Cheng
et al. (2014) [31] found that the mean value of
MBC content in the undisturbed soil was higher
than reconstruction soil and Chen et al. (2016) [32]
found that too thin for topsoil thickness are not
conducive to the MBC accumulation of surface soil.
SOC and MBC had the highest correlations with
soil carbon mineralization [35, 36], so that the soil
carbon mineralization of Plot D and the CK were
noticeably higher than the other sites. In addition,
Besnard et al. (1996) [37] highlighted that turnover
of SOC occurs more rapidly in macro-aggregates
compared with micro-aggregates. In our study, the
macro-aggregates (>2mm) content of Plot the CK
and D were higher than other sites, so that might
lead to the differences in mineralization rates. The
SOC content of Plot D and the CK are mainly distributed in the micro-aggregates whereas SOC in
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gangue on topsoil decrease as the thickness of the
covering soil increased. Our investigation highlighted that the optimum thickness of a covering
soil for reconstruction soil is >80 cm.

Plots B and C are mainly distributed in macroaggregates, which can probably prove it. Although
the enzymatic activity of topsoil was not studied in
this article, Cheng et al. (2014) [31] found that the
mean value of phosphatase activities in the undisturbed soil was higher than in coal gangue reconstructed soil and conjecture that soil organic matter
has a slower decomposition velocity under the coal
gangue reconstructed mode. These results indicate
that coal gangue and thickness of covering soil play
an extremely important role in soil carbon mineralization in reconstruction soil, the negative influences
of coal gangue on soil layer increased with the
thickness of the covering soil layer increased, and
with a covering thickness >80 cm having the closest
result to natural soil. Therefore, the optimum thickness of a covering soil for reconstruction soil is >80
cm.
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Under climate change, atmospheric nitrogen
deposition significantly affects the ecosystem’s carbon and water cycles. In this study, we used a processed model to evaluate the influence of nitrogen
input on the carbon budget and water balance in
China. The results show that nitrogen deposition increased the net primary productivity (NPP) of China's terrestrial ecosystem; the positive effects of nitrogen deposition weakened before 2010, and a negative effect of nitrogen deposition emerged after
2010. The net ecosystem productivity (NEP) of terrestrial ecosystems in China was significantly enhanced due to nitrogen deposition; that is, the carbon
capture of the terrestrial ecosystem is improved due
to nitrogen deposition at a rate of approximately 0.65
GtC / yr at the end of the century. Evapotranspiration
is lower with nitrogen deposition considered than
without, while runoff increases under a nitrogen deposition condition, and this increase will remain relatively stable in the 21st century.



will continue to grow rapidly because of increasing
population and urbanization. At the same time, fossil
fuel combustion or energy production has caused nitrogen to enter the atmosphere from long-term geologic repositories. The resulting input of active nitrogen has increased from less than 1 TgN/yr in 1860 to
25 TgN/yr in 2000 [3]. The level of global nitrogen
deposition is expected to double in the next 25 years
[4]. Currently, human interference in the global nitrogen cycle has far exceeded the impact of other
main biogeochemical cycles on the planet [5].
Available nitrogen affects many ecosystem
processes. In some cases, nitrogen deposition can
promote the absorption and storage of carbon [6]. Increasing nitrogen can also increase transpiration
rates of plants [7, 8].
Field [9] estimated that carbon deposition in the
northern temperate forest and northern coniferous
forest caused by nitrogen deposition was 0.3-2.5
PgC / yr. Schindler [10] showed that carbon accumulation in terrestrial ecosystems caused by nitrogen
inputs was 0.65-1.95 PgC / yr. He et al. [11] found
that the global gross primary productivity (GPP) increase was overestimated by 85% between 2000 and
2015 without nitrogen limitation in many tropical
and northern forests.
Nitrogen also serves important functions in water cycles. In some cases, without an N constraint in
ecosystem models, the simulated benefits of greater
water-use efficiency induced by CO2 may be overestimated [11]. Huang et al. [12] suggested that there
are the potential interactions between water constraints and nutrient limitation on plant growth. Lee
et al. [13] found that applying the effects of nitrogen
limitation on stomatal conductance significantly decreases leaf photosynthesis and leads to a reduction
in canopy transpiration.
In recent years, nitrogen deposition has increased significantly in China [14], and the problems
caused by nitrogen deposition have received increasing attention. However, changes in carbon stocks
and water resource patterns caused by nitrogen deposition in China remain uncertain. With the increasing influence of human activities on nitrogen depo-

(' #$
Climate change, nitrogen deposition, IBIS model, carbon
budget, water balance, China

%# &% 
Under climate change, atmospheric nitrogen
deposition interferes with the carbon cycle and water
cycle in the ecosystem via effects on plant growth,
carbon fixation, photosynthate distribution, leaf stomata numbers and plant transpiration [1].
Nitrogen is stored in the ecosystem in the form
of particles and in dissolved and gaseous states, and
all ecosystems can accept nitrogen input from atmospheric deposition. Human activities greatly affect nitrogen deposition. Since 1960, industrial nitrogen
fixation caused by fertilizer production has exponentially increased from approximately 0 [2]. The world
Food and Agriculture Organization (FAO) noted that
in the next few decades, industrial nitrogen fixation
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This equation shows that  will decrease due to nitrogen limitation and will result in an increase in leaf
C and N ratios; it will thereby reduce the maximum
photosynthetic rate of the leaves.
Raw carbohydrates immobilized by
 are
converted into new biomass or used for metabolic
processes. This part of the productivity
 can be
expressed as

sition, investigating the impact of nitrogen deposition on the carbon pattern in China is important. A
process model would be a powerful tool for studies
performed on a regional or global scale.
The Integrated Biosphere Simulator (IBIS),
which is one well-known Global Dynamic Vegetation Model (DGVM), was developed by the Global
Environment and Sustainable Development Center
(SAGE) of the University of Wisconsin. This simulator takes into account the responses of vegetation
groups and structures to environmental changes. The
IBIS model consists of modules for five processes:
land surface processes, canopy physiology, vegetation phenology, vegetation dynamics and soil biogeochemistry [15, 16].
The IBIS model has been applied successfully
in China for water and carbon pattern evaluation.
Zhu et al. [17, 18] used the IBIS model to evaluate
spatial and temporal changes in water resources in
China and to investigate changes in CO2 concentrations, and their effects on water-use efficiency at the
ecosystem level of terrestrial ecosystems in China
from 2009 to 2099 were estimated, as well as the impact of future climate change, increased CO2 and
changes in vegetation structure on hydrological processes in China in the late 21st century [19]. Yang et
al. [20] studied the terrestrial ecosystem carbon
budget from 1960 to 2006 by using the IBIS model.
Liu et al. [21] used the IBIS model to analyze the sensitivity of net primary productivity (NPP) to the input data in the eastern part of Northeast China. Guo
et al. [22] used the improved IBIS model to simulate
the carbon cycle on a catchment scale in the eastern
part of Northeast China and found that the IBIS
model has good adaptability to the regional water
pattern in China.
Because of such extensive and mature application of the IBIS model in studies of the carbon and
water cycles in China, in this study, we used the improved IBIS model to explore the effects of nitrogen
deposition on terrestrial ecosystem productivity, carbon sequestration, evapotranspiration and runoff.

 =    (1 −  )
In this equation, is the ratio between growth
and respiration, and  is the correction coefficient
of new biomass accumulation in vegetation.  is
calculated using the following formula:

  = ((  −  min ) / (  max −  min ))0.5
In this equation,
,
 and
, respectively, represent the soil mineralized nitrogen concentration and its minimum and maximum values.
When is 2 gN / m2,
 will be limited by N.
2
 is 0.2 gN / m , below which plant biomass accumulation will be zero.  ranges from 0.0 to 1.0
[23].
The formula for calculating litter carbon (kg /
m2 / yr) in current years in the IBIS model is as follows:

 =  (1 − −1/τ  ) + α   (1 − τ  (1 − −1/τ  ))
 represents the leaf, stem and root pools; is
the NPP allocation ratio of pool ; is the turnover
time constant of pool ; and C is the carbon level of
pool .
The litter nitrogen  is then calculated as follows:

  =  (1 − −1/τ  ) + α   (1 − τ  (1 − −1/τ  )) / 
Bis the ratio of carbon to nitrogen in biomass
.
 is the annual net nitrogen flux of vegetation
nitrogen storage. It is expressed as the sum of the difference between the amount of nitrogen consumed
by turnover and the actual nitrogen content of litter:

 = ∑ ( /  −  /  )

The method of calculating atmospheric N deposition is adopted from the InTEC model [24]. The
atmospheric N deposition ( ) is related to greenhouse gas emissions, that is, the atmospheric CO2
concentration ():
= + ()/ () (  )
where  represents the amount of nitrogen
deposition in the current simulated year,  represents the initial value of nitrogen deposition (0.0053
g/m2/yr) in the initial year (set at 1901), represents
the atmospheric CO2 concentration in the initial year
(1901),  represents nitrogen deposition observations for the reference year,  represents the atmospheric CO concentration in the reference year, and

%% $

5:.08*:25052:860.5,?,3.786,.9925:6$
A nitrogen cycle process proposed by Liu [23] was
adopted and integrated into the IBIS model; nitrogen
feedbacks to the NPP and the nitrogen budget were
included.
The canopy NPP (
) was calculated with
the method used in the original IBIS model. In the
modified version, the maximum carboxylation rate
 is expressed as

 = ( max /  )max
max is the optimal ratio of leaf carbon to nitrogen; that is, at this carbon-nitrogen ratio, =max;
and  is the simulated leaf carbon-nitrogen ratio.
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 represents the atmospheric CO concentration in
the current simulation year.
Nitrogen fixation is related to three factors,
namely, precipitation, mean soil temperature and microbial biomass,as expressed in the following equation:



and taking into account the covariate factors of the
elevation, spatial interpolation was performed to develop a nationwide model of climate input data with
a resolution of 10 km. The topographic data are
based on data from the Shuttle Radar Topography
Mission (SRTM, http://www.cgiar-csi.org/). The initial vegetation layer was constructed based on 1:4
million vegetation data from China. The initial soil
texture map was constructed based on 1:1 million
soil data from China. The initial vegetation carbon
stock data were obtained from the previous 20 years
of sample survey data collected by Olson et al.
[27,28]. The initial soil carbon density data were
taken from the IGBP soil carbon data set (IGBP-DIS,
International Geosphere-Biosphere Program - Data
and Information System (Global Soil Data Task
Group, 2000)). Atmospheric nitrogen deposition reference data of 1990 were downloaded from the ESIP
(Earth Science Information Partner) database of
EOS-WEBSTER and were truncated for the region
of China (Figure 1).

6-.3924;3*:265The model runs from 1750
to 2099, of which the first 150 years are model spinup periods, and the results of the analysis span the
period between 1900 and 2099. The IS92a CO2 concentration scenario was used in the simulation (Figure 2). Based on the annual IS92a CO2 concentration,
the nitrogen deposition for each year was calculated.
Two sets of simulations (with or without nitrogen
deposition) were conducted, and the differences between the two simulations were calculated to investigate the effects of atmospheric nitrogen deposition.


  = 1 × 2( + 2 )/10 (0.5 + 0.5)
1 and 2 are nitrogen fixation rate coefficients
whose values are 0.1493 and 0.685, respectively;
is the annual precipitation; and  and   are the
annual average soil temperature and soil microbial
biomass carbon pool, respectively, which can be calculated using the original IBIS model.

6-.3/68,250-*:*The model input data include meteorological data, vegetation type data,
topographic data, soil texture data, initial vegetation
carbon stocks, initial soil carbon pool data and atmospheric nitrogen deposition reference data. The
needed multiyear mean meteorological data are precipitation, temperature, relative humidity, cloud
cover fraction, wind speed, daily temperature difference, number of monthly precipitation days, and extreme low temperature. The monthly precipitation,
temperature, relative humidity, and cloud cover fraction are obtained from the HC3GG scenario developed using HadCM3. HadCM3 is a GCM model developed by Hadley Climate Center in the United
Kingdom [25] and has a horizontal spatial resolution
of 2.5 degrees (latitude) × 3.75 degrees (longitude).
The HC3GG scenario considers the effects of CO2
and other trace amounts of greenhouse gases on climate change. Using the ANUSPLIN [26] method
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The blue line denotes the 10-year moving average.
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The blue line denotes the 10-year moving average.
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//.,:9 6/ 52:860.5 -.7692:265 65 !! *5-
! Figure 3 shows the variations in the differences between the two sets of simulation results
spanning from 1900 to 2099 and the 10-year moving
average of the total NPP for the whole country. As
we can see from the figure, the differences between
the two levels were positive since 1900 and were declining steadily, reaching the same level approximately 2010, and then declining steadily to a negative level.


Figure 4 shows the variations in the differences
between the two sets of simulation results spanning
from 1900 to 2099 and the 10-year moving average
of total NEP for all of China. The figure shows that
the differences between the two levels are always
positive; these positive differences show a slight decline in the previous periods, followed by a sustained
upward trend. In 2100, the difference is approximately 0.65 GtC / yr.
Comparing Figures 3 and 4, the simulations of
the two nitrogen levels during the 1900-2099 period
shows that the difference between NPP values is far
smaller than the difference between NEP values.
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//.,:9 6/ 52:860.5 -.7692:265 65 ,*8+65
+;-0.:To investigate the response of NPP to various levels of nitrogen inputs, we analyzes the results
using a three-phase response hypothesis proposed by
Aber [29], in which plant growth is limited mainly
by availability of nitrogen in ecosystems with low
initial nitrogen levels, whereas nonsymbiotic microorganisms in soils are limited mainly by carbon (or
energy). As nitrogen input continued to increase until nitrogen saturation was reached, most of the input
nitrogen was absorbed by the plant and was rarely
retained by soil microorganisms; therefore, the
plant's NPP increased. However, when the system
reached nitrogen saturation, most of the input nitrogen was retained or leached by the soil, and the plant
absorption gradually decreased. At the same time,
mycorrhizal fungi in the soil consumed the carbohy-

//.,:9 6/ 52:860.5 -.7692:265 65 *,:;*3
.<*76:8*59728*:265 % *5- 8;56// Figure 5a
shows the variation in the national AET average differences and the 10-year moving average between
the two sets of simulation results spanning from
1900 to 2099. The AET simulated using the IBIS
model with the nitrogen control module was lower
than that obtained without considering the nitrogen
deposition, and the differences are always negative.
The differences increased from 1900 to approximately 1980 and afterward remained stable.
Figure 5b shows the variations in the differences between the two sets of simulations of the national runoff average and its 10-year moving average
spanning from 1900 to 2099. The figure shows that
there will be slightly greater runoff across the country when considering the nitrogen deposition than
when not considering the nitrogen deposition. In the
21st century, this increase will remain essentially stable.
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fixation process. Nitrogen input during nitrogen deposition reduced this ratio and increased the carbon
fixation level. In the future climate change scenario,
although the NPP may be slightly reduced, the
amount of retained carbon will still continue to increase due to the input of nitrogen. Under conditions
of limited nitrogen, increased nitrogen inputs can
stimulate plant growth, increase productivity and increase ecosystem carbon stocks [4]. Some researchers have put forward different views. Currie [38] experimentally determined that not all of the increasing
amount of nitrogen entered the vegetation, and the
input nitrogen was concentrated mostly on the surface of the soil and therefore did not have a significant impact on plant carbon absorption. Johnson [39]
concluded that with a low input rate of atmospheric
nitrogen, soil nitrogen retention was far greater than
that of vegetation. Schleppi [40] found there was no
significant increase in the nitrogen content of trees
and ground vegetation, and a small part went into the
aboveground vegetation and most of the rest went
into the soil when increasing the amount of nitrogen
in the forest. Nadelhoffer [41] noted that the importance of nitrogen deposition in promoting the formation of a carbon sink depended on which part of
the nitrogen input went into the forest ecosystem and
which was ultimately retained. The factors such as
reforestation, CO2 fertilization, or nutrient transfers
from soils to trees are mainly responsible for the terrestrial carbon sink. In conclusionthere are some
differences in these studies, mainly owning to different experimental geographical locations, methods
and duration of the researches. Besides, it is important that there were many uncertainties and inconsistencies in the predictions of the spatial pattern
nitrogen deposition, and the existing experimental
methods had their own limitations. The ways of simulating nitrogen input in fertilization experiments
also significantly affected the distribution of nitrogen in the reservoirs and their absorption and transformation in plants and soils. Considering that other
uncertain factors such as plant growth and changes
in the C / N ratio, it was possible that the increase in
actual carbon uptake may be lower than this estimate,
and the contribution of increased nitrogen deposition
to carbon sinks may be very small.

drates in the plant as energy to hold the input nitrogen, resulting in a gradual decline in the NPP of the
plant. Some studies have also shown that long-term
continuous nitrogen input, even at low rates, can significantly reduce NPP, even at low rates of nitrogen
input [30, 31]. Based on the various responses of
ecosystems to increased nitrogen inputs, Nordin [32]
proposed the concept of critical nitrogen capacity,
which is that an ecosystem can withstand nitrogen
inputs below a threshold without showing significant
deleterious effects. We performed a preliminary
analysis of NEP based on the change in NPP difference. NEP represented the difference between NPP
and soil heterotrophic respiration. The results show
that in the case of nitrogen input from nitrogen deposition, the heterotrophic respiration rate of soil was
lower than that when nitrogen deposition was not
considered given the same climatic conditions and
same CO2 concentration. In the earlier period, this
difference gradually diminished, but with the continuous input of nitrogen, the difference changed to one
with an increasing trend. This change implies that
under the premise of a continuous increase in nitrogen deposition, heterotrophic respiration levels in
soils were weaker than those that do not take nitrogen deposition into account. There are possibly two
reasons for the decrease in respiration caused by nitrogen deposition. One reason is the decrease in microbial activity caused by the increase in nitrogen,
which decreases the soil respiration [33] because the
increase in nitrogen inhibits microbial decomposition by inhibiting the activity of cellulose and lignindegrading enzymes [34]. The other reason is the decrease in root respiration induced by nitrogen deposition, because respiration by plant roots is closely
related to the biomass of the roots [35]. Wei et al. [35]
found that nitrogen addition decreased the monthly
root length production during their study period.
When the availability of N increases, plants will put
less C into the roots and mycorrhiza because it takes
less effort to obtain the resources from the soil [36]
or because most of the root respiration is used for
nitrogen assimilation, and the increase in available
nitrogen due to nitrogen application reduced the energy consumed by nitrogen assimilation, thus reducing respiration [2]. Mo et al. [37] studied the response
of litter decomposition in main forest plantations to
nitrogen deposition in Dinghushan, China. They
suggested that the increasing nitrogen deposition
mainly had negative effects on the litter decomposition of monsoon evergreen broad-leaved forest.
They concluded that the amount of initial available
soil nitrogen was the main factor affecting plant litter
decomposition. The litter decomposition rate would
be increased by an increased availability of soil nitrogen. The excessive amount of nitrogen would
change the balance of the original nutrients, reducing
the effectiveness of other elements. Nitrogen deposition also had a significant effect on NEP because
of the direct effects of the C / N ratio on the carbon

//.,:96/52:860.5-.7692:26565=*:.8+*3
*5,.We also analyzed the impact of nitrogen on the
patterns of water balance. Since the climate change
conditions were the same (HC3GG scenario) in our
study, the difference in evapotranspiration was
mainly reflected in vegetation transpiration, and one
of the major factors in determining vegetation transpiration was stomatal conductance. Because of nitrogen input from nitrogen deposition, the ratio of
carbon to nitrogen decreased, and  will increase.
While maintaining a given rate of photosynthesis,
plants were able to reduce their demand for CO2 and
then reduce the stomatal conductance of their leaves.
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used the CQUESTN model to simulate the effect of
nitrogen distribution in various ecosystem reservoirs
on carbon uptake. Based on a discussion of all the
nitrogen input to the vegetation and the soil, the actual effect of promoting nitrogen uptake and sinking
should be between these two situations and is influenced by the way that a plant absorbs exogenous nitrogen. Lee et al. [13] examined how nitrogen limitation affects hydrologic processes using the modified Community Land Model with coupled Carbon
and Nitrogen cycles (CLM4-CN). They found that
nitrogen limitation leads to a reduction in canopy
transpiration, thereby increasing total runoff. Felzer
et al. [50] used a new version of the Terrestrial Ecosystem Model (TEM-Hydro) to examine the effects
of carbon and nitrogen on the water cycle. They concluded that runoff increases by 6–11%, considering
nitrogen limitation and ozone damage on photosynthesis. There are many similarities between the results of these modeling studies and the results of the
models used in this paper, but there are also many
differences because the research efforts focused on
different things, and the structure, parameters, and
driving factors of each model are different. The improved IBIS models that we used integrate surface
hydrothermal processes, terrestrial biogeochemical
cycles and vegetation dynamics into a single simulation framework.

;8:1.8 8.9.*8,1 There are still several uncertainties when studying nitrogen deposition and its
ecologic effects. For example, most of the model parameters used in the simulation were adapted from
the original parameters, which were developed for
use on a global scale and would create uncertainties
when applied to conditions in China. There are additional uncertainties associated with conversion and
matching of the spatial scales of different sets of
model data for meteorology, soil and vegetation [15].
In addition, no anthropogenic disturbances were
considered in the current study. Therefore, the impacts of nitrogen deposition on the terrestrial ecosystem carbon processes and water balance need to be
further explored. The links between the carbon and
nitrogen cycles in terrestrial ecosystems are heavily
dependent on the global land-cover situation. In nitrogen-constrained ecosystems, high levels of nitrogen deposition may produce a significant carbon
sink, and forest cover may generate a larger sink than
land-cover changes in the spatial pattern of nitrogen
deposition. Land-cover changes have significant
regulating effects on the spatial and temporal distribution of nitrogen deposition and its potential effects.
Discussions of the impacts of increased atmospheric
nitrogen deposition on terrestrial ecosystems and the
latter's response and feedback will be of great importance in predicting global trends as accurately as
possible and in developing policies to ensure the sustainable development of terrestrial ecosystems.
Therefore, in the future, using models to simulate the

Thus, the reduced transpiration would lead to decreasing evapotranspiration. Wang [42] concluded
that under drought conditions, high nitrogen inputs
could reduce stomatal conductance. The effects of
nitrogen on stomatal conductance may be because
nitrogen is an important component in the enzymes
responsible for photosynthetic processes and that the
amount of nitrogen in Rubisco was about half of the
total amount of leaf nitrogen [43]. Nitrogen input
would lead to an increase in enzymes involved in
photosynthetic catalysis. The stomatal conductance
will decline while maintaining the same rate of photosynthesis. When nitrogen reached a saturated state,
the stomatal conductance was no longer affected by
the excessively high nitrogen level. As a result, transpiration maintained a certain stable level. Due to the
same climate data such as rainfall input, the trend of
runoff was symmetrically reflected by the trend of
evapotranspiration according to the principle of water balance. Thus, the difference in runoff shows a
trend that is symmetrical with that of evapotranspiration. Regarding the relation between water balance
and nitrogen deposition, researchers have arrived at
different conclusions. Zhang [1] suggested that nitrogen could increase the efficiency of water transport
in plants given the proper amount of nitrogen, which
may in turn affect the transpiration process. This pattern may be due to the effect of nitrogen on the water-bearing properties of the xylem and the lignocellulosic structure [44]. The study by Yuan et al. [45]
yielded no obvious relation between land runoff and
evapotranspiration. When rainfall or the rate of
snowmelt exceeded the infiltration capacity of the
soil, a change in soil surface runoff would occur. As
rainfall increased, land runoff increased, and there
was a great increase in runoff in early spring, which
may have been caused by increased winter precipitation and may have less relation with nitrogen. Radin
et al. [46] presented a different conclusion. They
found that nitrogen was an important element. Nitrogen limitation reduced plant transpiration and reduced plant hydraulic conductivity.

647*829656/-2//.8.5:46-.38.9;3:9There
are some studies in which different model results
were used to simulate the effects of nitrogen deposition on the carbon cycle and water cycle. For example, using the carbon–nitrogen coupled CLASSCTEMN+ model, Huang et al. [47] analyzed global
terrestrial carbon, water and energy dynamics. They
found that nitrogen addition had important effects on
the temporal evolution and spatial distribution of a
simulated carbon budget. Hudson [48] used the
GLOCO model to simulate changes in carbon stocks
in terrestrial ecosystems, arguing that changes in net
carbon fluxes could be seen as a result of disturbances in the terrestrial biosphere, partly as fertilization due to temperature excursions and increased atmospheric CO2 concentration, and partly as the results of exogenous nitrogen fertilization. Gifford [49]
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impacts of increased nitrogen deposition on terrestrial ecosystem carbon uptake and water cycles
needs to take into account the changes in land cover
characteristics.
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Researchers focus on determining the health
effects of personal exposure to PMs in working
environments and also on air pollution on indoor
and outdoor air [4-7]. The inhaled PM may cause
disturbances and diseases when exposed to high
concentrations for prolonged periods. For instance,
grain dust may contain mold spores and can cause a
IDWDO GLVHDVH FDOOHG IDUPHU¶V OXQJ LI LQKDOHG [8].
Allergic responses such as asthma may occur as a
result of exposure to organic dust whereas nonallergic responses such as bronchitis, and chronic
obstructive airways disease may be seen as a result
of exposure to inorganic dust from agricultural
origins [9]. Respirable PM concentration was found
to be responsible for deaths (0.95%) in the Kathmandu Valley Area [10]. Fine particles may reach
the air pockets in the lungs and can pollute the
blood or might initiate different disturbances and
diseases. The byssinosis is due to chronic inhalation
of microbial products at excess concentrations such
as endotoxin from cotton processing [11]. The
effect of different particulates may be dependent
upon the concentration level of the specific particulate.
For instance, pure endotoxin causes an
adverse pulmonary effect with concentration levels
as low as 9 ng m-3 if the person is sensitive to cotton dust [12]. In the cotton industry, healthy workers may experience chest tightness if exposed to
concentration levels of 300±500 ng m-3 and fever
with 500±1000 ng m-3 [13]. Therefore, the concentration levels should not exceed the threshold limit
values set for specific PM sources [14].
Half of all enterprises in Turkey is based on
agriculture [15]. However, only a few studies were
found reporting PM concentrations in the agribased industry in Turkey [16-18]. The reported
studies did not focus on measuring the concentrations of PM fractions, and the health and safety
issues have not yet been studied sufficiently in
agriculture and related industries.
The general objective of this study was to determine the concentrations of PM fractions in some
textile plants in the Eastern Mediterranean region of
Turkey. The specific objectives of the study were
to:
x Measure PM10, PM2.5, and PM1
concentrations in two spinning and two weaving

ABSTRACT
This study aimed to determine particulate matter (PM) concentrations and the health complaints
of workers in spinning and weaving factories. PM2.5
concentrations in spinning factories were greater
than the threshold limit value. PM1 concentrations
were also above TLV set for PM2.5. The sum of fine
and very fine dust concentration was therefore
found to be very high in spinning factories. PM10
and PM2.5 concentrations were less than the limit
(750 μg m-3) in weaving factories. As a result,
workers had complaints about chest tightness,
phylem, breathless, and coughing in spinning factories, which could be due to high PM2.5 concentrations. In weaving factories, the workers did not
have complaints about tightness in the chest and
coughing, which should have resulted from low
PM10 and PM2.5 concentrations.

KEYWORDS:
Spinning, weaving, particulate matter, environmental
factors, worker health

INTRODUCTION
Agriculture is usually thought to be a single
sector, but it is widely diverse involving considerable respiratory health hazards that result from organic and inorganic particulates [1]. The
agriculture-based industry is an important sector
playing an important role in the development of
countries. The textile industry is an agriculturebased industry that consumes raw and processed
cotton and needs attention regarding ZRUNHUV¶
health as affected by exposure to particulate matters.
Particulate Matter (PM) can be characterized
as discrete particles spanning several orders of
magnitude in size, and the inhalable particles fall
into the general size fractions such as PM10 and
PM2.5 [2]. The agri-based industry may generate
high concentrations of particulate matter (PM), and
the contents and concentrations of particulates
depend on where, when, and how the dust is produced [3].
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was done for each PM fraction on a separate day in
each department. Therefore, it took three working
days to collect the PM concentrations in a single
department under consideration.
Ambient air temperature, relative humidity,
and the air speed were measured simultaneously
during the PM measurements. Thermo-hygroanemometer was also set at 1 min sampling rate and
was located near the continuous PM sampler. The
PM sampler and the thermo-hygro-anemometer
FDQQRWEH DWWDFKHGWRD ZRUNHU¶VFROODU7KHUHIRUH
these two devices were located in a place near the
center of the working area at the height of an averDJH ZRUNHU¶V FROODU 7KH SRLQW RI GDWD FROOHFtion
was determined based on the observations in the
working area and on the information given by the
chief worker.
A questionnaire was administered to the
workers to obtain basic information on the health
complaints of the workers. The questionnaire used
in this study was the short version of WAC 296-6214537 [21].
Standards that define PM limit concentrations
report the PM10 and PM2.5 exposure limits for inhalation and respiration of general pollutants. Occupational Safety and Health Association (OSHA) of the
United States determined the occupational exposure
limit values for some specific PMs that were
encountered in the textile industry. Thus OSHA
limit values were used for the evaluations in this
study. OSHA did not set a threshold limit value
(TLV) for PM10 in spinning factories whereas TLV
for PM2.5 is 200 μg m-³ whereas TLV for weaving
factories is 750 μg m-³.

factories,
x Determine the effect of temperature,
relative humidity, and air speed on PM
concentrations,
x Determine the health complaints of
workers by administering questionnaires.

MATERIALS AND METHODS
Materials. Two PM measurements devices
(EPAM 5000) were used to continuously measure
the concentrations of different PM fractions in the
spinning, weaving factories. Technical features of
the PM measuring devices are given in Table 1. The
environmental factors in the working sections of the
textile factories were measured using a thermohygro-anemometer (Table 2).
Methods. Two spinning and two weaving factories were taken under consideration in the study.
The measurements were taken in the blow room,
roving, spinning, open-end, and carding sections of
the cotton yard (spinning) factories. Not all sections
or sub-sections evaluated in the study. Rather the
major processes and related departments in the
factory were studied. The weaving factories consisted of either airjet or rapier type machines.
To measure PM10, PM2.5, and PM1 concentrations, first, the flow rate was calibrated on the sampler using an air flow meter. The sampling rate was
set at 1 min, and the data were recorded during the
day shift in each department of the factories. The
data collection started in the morning and was
completed at the end of the day. The data collection

TABLE 1
Technical properties of continuous PM sampler [19]
Property
Model
Calibration
Measurement range
Particle sizes
Precision
Sampling flow rate
Sampling interval
PM fraction sizes

Explanation
EPAM 5000
NIOSH gravimetric method
0,001-20,0 mg m-3 ± 0,0-200,0 mg m-3
0,1-100 μm
+/-0,003 mg m-3
1,0-4,3 L min-1
1 s, 10 s, 1 min, 10 min.
PM1, PM2.5, PM10 or TSP

TABLE 2
Technical properties of thermo-hygro-anemometer [20]
Property
Model
Measured factors
Measurement range
Air speed (m s-1)
Temperature (ºC)
Accuracy
Air speed
Temperature

Explanation
DELTA OHM 9847
Air speed, air temperature, relative humidity, atmospheric pressure
«
-«
+/- (0,1 m s-1 +1,5% full scale)
+/- 0,1 ºC
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a) Blow room

b) Roving
c) Spinning
FIGURE 1
Blow room, roving and spinning sections of a spinning factory

TABLE 3
Simple statistics for measured PM concentrations (μg m-3) in spinning factories
PM fraction

PM10

PM2.5

PM1

Department

Sample size

Blow room
Roving
Spinning
Open-end
Carding
Blow room
Roving
Spinning
Open-end
Carding
Blow room
Roving
Spinning
Open-end
Carding

385
812
744
306
152
236
480
708
284
235
338
338
774
158
387

Average
854,19
409,98
533,00
296,89
428,05
646,85
467,99
625,48
133,19
3469,28
564,14
630,35
442,08
611,13
466,62

PM concentration
Standard deviation
358,85
278,31
350,07
290,23
242,98
378,80
288,27
499,00
140,23
4954,31
622,07
939,19
263,53
852,55
160,17

were determined through the survey administered to
the workers. No statistical test was done in this part
due to the small number of samples in the factories
and lack of health histories of the workers.

The averages of measured concentrations of
PM fractions were compared to TLVs to determine
whether the textile factories under consideration
pose health hazards for the workers. The mean
comparisons of PM concentrations were made to
determine the concentration differences among the
sections of spinning factories and the difference
between the airjet and rapier type weaving factories.
Descriptive statistics were calculated for the
environmental factors measured in the study. The
findings were used to determine whether the working conditions were in the comfort zone regarding
relative humidity and air temperature. The ranges of
temperature and relative humidity for the comfort
zone were considered to be 20-24 C and 40-70%,
respectively [22-23]. The effect of each environmental factor on the calculated PM concentration
was determined by using the Pearson correlation
test whereas the effect of the interactions of environmental factors on PM concentration was determined by using variance analysis. These tests were
conducted to determine whether the environmental
factors had a statistical effect on the measured PM
concentrations for each fraction.
The health complaints of the workers (coughing, chest tightness, breathlessness, and phylem)

RESULTS AND DISCUSSION
Spinning factories consist of sections processing the raw cotton into yarn (Fig. 1). Raw cotton is processed first in the blow room (Fig. 1a),
goes through several processing stages and to roving (Fig. 1b). Followed by roving, the cotton is
further processed in the spinners (Fig. 1c) to obtain
the final product as yarn. Blow room is an enclosed
area whereas roving and spinning sections are in the
same area with no physical dividers in between.
However, due to the relatively long distance between these two sections, the PM concentrations
were measured in both areas.
Modern textile factories do not need many
workers in the working area. The workers usually
intrude if the machines need to be re-run when a
spinner stops automatically in case of breakages or
when the spinners should be replaced. Usually,
three to four workers were enough for proper opera-
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respectively for PM1 in the carding department and
PM10 in blow room department. The variations
were greater in other departments for the measured
PM fractions.
The measured quantities deviated largely from
the average PM concentrations in the spinning
factories that were usually well controlled regarding
environmental factors. There were dust collectors in
the factories, automatically collecting and filtering
the dust in the working area. The variations in the
measured continuous PM10, PM2.5, and PM1 concentrations are shown in Figs. 2-4.

tion in a section, and the plant usually seems to
operate without human intervention.
PM concentrations and environmental factors in spinning factories. The sample size varied
from about 150 to 800 depending on the department
in which the data were collected in spinning factories (Table 3). PM2.5 concentrations were found to
be greater than the TLV in all working sections.
Standard deviations were high suggesting high
variations in the PM concentration in the working
areas during the day. The smallest CVs corresponding to the values in Table 3 were 34% and 42%,
3000
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FIGURE 2
Instantaneous PM10 concentrations in spinning factories
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FIGURE 3
Instantaneous PM2.5 concentrations in spinning factories
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FIGURE 4
Instantaneous PM1 concentrations in spinning factories
TABLE 4
Descriptive statistics for environmental factors in spinning factories
PM fraction

Department
Blow room

Roving
PM10
Spinning

Open-end

Carding

Blow room

Roving
PM2,5
Spinning

Open-end

Carding

Blow room

Roving
PM1
Spinning

Open-end

Carding

Environmental factors
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)

Sample size
442
442
442
900
900
900
713
713
713
378
378
378
448
448
448
259
259
259
734
734
734
638
638
638
358
358
358
448
448
448
442
442
442
808
808
808
816
816
816
378
378
378
383
383
383
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Average
32,03
46,37
0,04
29,44
46,98
0,16
30,72
48,89
0,10
35,92
43,39
0,10
27,63
46,94
0,03
31,26
48,58
0,02
28,87
46,98
0,04
30,92
50,14
0,06
31,84
50,23
0,04
27,63
46,94
0,03
32,03
46,37
0,04
28,31
49,06
0,23
28,24
49,15
0,14
35,92
43,39
0,10
24,73
50,27
0,17

Values
Standard deviation
0,85
3,87
0,06
2,02
2,19
0,20
0,96
2,91
0,11
0,76
2,40
0,11
0,57
2,74
0,06
1,29
3,18
0,06
1,93
2,24
0,10
1,32
2,44
0,09
0,84
2,11
0,07
0,57
2,74
0,06
0,85
3,87
0,06
3,45
3,01
0,17
3,35
2,92
0,12
0,76
2,40
0,11
0,66
2,70
0,12
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TABLE 5
Effect of environmental factors on PM concentrations (μg m-3) in spinning plans
PM fraction

Department
Blow room

Roving
PM10
Spinning

Open-end

Carding

Blow room

Roving
PM2.5
Spinning

Open-end

Carding

Blow room

Roving
PM1
Spinning

Open-end

Carding

Parameters
PM-Temperature
PM-Relative humidity
PM-Air speed
PM-Temperature
PM-Relative humidity
PM-Air speed
PM-Temperature
PM-Relative humidity
PM-Air speed
PM-Temperature
PM-Relative humidity
PM-Air speed
PM-Temperature
PM-Relative humidity
PM-Air speed
PM-Temperature
PM-Relative humidity
PM-Air speed
PM-Temperature
PM-Relative humidity
PM-Air speed
PM-Temperature
PM-Relative humidity
PM-Air speed
PM-Temperature
PM-Relative humidity
PM-Air speed
PM-Temperature
PM-Relative humidity
PM-Air speed
PM-Temperature
PM-Relative humidity
PM-Air speed
PM-Temperature
PM-Relative humidity
PM-Air speed
PM-Temperature
PM-Relative humidity
PM-Air speed
PM-Temperature
PM-Relative humidity
PM-Air speed
PM-Temperature
PM-Relative humidity
PM-Air speed

n*
230
230
230
206
206
206
947
947
947
311
311
311
311
311
311
220
220
220
179
179
179
882
882
882
458
458
458
236
236
236
338
338
338
725
725
725
754
754
754
158
158
158
383
383
383

r
0,714
0,467
0,023
0,046
0,004
0,090
0,489
0,177
0,094
0,833
0,753
0,209
0,065
0,093
0,078
0,697
0,445
0,079
0,857
0,430
0,179
0,468
0,067
0,172
1,000
0,748
0,068
0,089
0,090
0,007
0,040
0,194
0,024
0,232
0,110
0,085
0,126
0,029
0,078
0,148
0,127
0,024
0,039
0,081
0,117

p
0,000
0,000
0,683
0,291
0,933
0,041
0,000
0,000
0,026
0,000
0,000
0,000
0,428
0,254
0,340
0,000
0,000
0,224
0,000
0,000
0,000
0,000
0,142
0,000
0,000
0,000
0,269
0,174
0,167
0,919
0,463
0,000
0,659
0,000
0,003
0,023
0,001
0,428
0,032
0,063
0,113
0,763
0,447
0,115
0,022

* n: number of observations, r: correlation coefficient, p: probability value

deviations were relatively small. The main purpose
of a controlled environment is to provide the best
conditions for high-quality textile products rather
than the thermal comfort of the workers. As a
result, the air temperature was out of the comfort
zone.
The effect of environmental factors on
measured PM concentrations was determined by
using the Pearson correlation test (Table 5).
Environmental factors generally had a significant
effect (P<0.01) on PM10 and PM2.5 concentrations.
The tested factors did not affect the measured
PM10 in the roving and carding sections. No effect
was found on PM2.5 concentration in the carding
department. In other departments, only the temperature and relative humidity had a significant effect. It
might be argued that the PM1 particles are very fine
particles susceptible to small variations in environ-

Fishwick et al. (2001) referred to some previous three studies and reported that the average PM
concentrations were 1580, 3730, and 360 μg m-3 in
spinning factories [24]. The results of the current
study were in the same order as in the referred
studies.
The quality of the material being processed
should be consistent in textile industry both in spinning and weaving factories. As a result, the air
temperature and relative humidity are controlled in
such factories. The relative humidity ranged from
about 43 to 50% in different sections of the spinning factories (Table 4) and did not vary significantly during the working hours in a given working
section. The temperature was different in different
sections and ranged approximately from 24 to 32
°C. The measured values of the environmental
factors were stable, and the associated standard
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mental factors. However, PM1 concentrations were
not affected by the environmental factors in any of
the departments except the temperature effect in the
spinning area (Table 5). The effects of interactions
of the environmental factors on PM concentrations
were determined using multiple regression analysis
(Table 6).
The significance level was determined by the
interaction of the temperature and relative humidity
whereas the addition of the air speed into the inter-
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action did not change the significance level. The
relative humidity had a significant effect (P<0.01)
on PM1 concentration in the blow room section
(Table 5) whereas temperature and air speed did not
affect (Table 6). The interaction of these three factors, however, had significant effect suggesting that
the relative humidity was the determining factor on
the measured concentration in the case of very fine
particles.

TABLE 6
Multiple regression analyses result on the effect of environmental factors on PM concentrations
PM fraction

Department
Blow room

PM10

Roving
Spinning
Open-end
Carding
Blow room

PM2.5

Roving
Spinning
Open-end
Carding
Blow room
Roving

PM1
Spinning
Open-end
Carding

Factors regressed
PM-Temperature*Relative humidity
PM-Temperature*Relative humidity*Air speed
PM-Temperature*Relative humidity
PM-Temperature*Relative humidity*Air speed
PM-Temperature*Relative humidity
PM-Temperature*Relative humidity*Air speed
PM-Temperature*Relative humidity
PM-Temperature*Relative humidity*Air speed
PM-Temperature*Relative humidity
PM-Temperature*Relative humidity*Air speed
PM-Temperature*Relative humidity
PM-Temperature*Relative humidity*Air speed
PM-Temperature*Relative humidity
PM-Temperature*Relative humidity*Air speed
PM-Temperature*Relative humidity
PM-Temperature*Relative humidity*Air speed
PM-Temperature*Relative humidity
PM-Temperature*Relative humidity*Air speed
PM-Temperature*Relative humidity
PM-Temperature*Relative humidity*Air speed
PM-Temperature*Relative humidity
PM-Temperature*Relative humidity*Air speed
PM-Temperature*Relative humidity
PM-Temperature*Relative humidity*Air speed
PM-Temperature*Relative humidity
PM-Temperature*Relative humidity*Air speed
PM-Temperature*Relative humidity
PM-Temperature*Relative humidity*Air speed
PM-Temperature*Relative humidity
PM-Temperature*Relative humidity*Air speed

n*
230
230
206
206
947
947
311
311
311
311
220
220
179
179
882
882
458
458
236
236
338
338
725
725
754
754
158
158
383
383

r
0,725
0,726
0,047
0,090
0,501
0,502
0,841
0,845
0,127
0,169
0,772
0,772
0,870
0,870
0,483
0,485
1,000
1,000
0,091
0,092
0,236
0,236
0,232
0,233
0,130
0,143
0,231
0,231
0,223
0,258

* n: number of observations, r: correlation coefficient, p: probability value

TABLE 7
Mean comparisons of PM concentrations (μg m-3) in the departments of spinning factories
PM fraction

Department
Blow room
Roving
Spinning
PM10
Open-end
Carding
Blow room
Roving
Spinning
PM2.5
Open-end
Carding
Blow room
Roving
Spinning
PM1
Open-end
Carding
*a, b, c, and d denote different statistical means

Sample size
158
338
367
387
338
236
421
500
284
235
385
578
656
306
152

8908

Average ± standard error
854,19±6,22d
407,73±9,39b
487,93±4,43c
296,89±8,52a
428,05±1,60bc
646,84±3,78b
437,55±4,72ab
620,14±5,50b
133,18±1,40a
3469,27±4,95c
564,13±3,58ab
630,35±3,76b
462,7±3,78a
611,12±2,90b
466,62±2,42a

p
0,000
0,000
0,561
0,242
0,000
0,000
0,000
0,000
0,298
0,230
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,377
0,579
0,000
0,000
0,000
0,000
0,002
0,001
0,014
0,037
0,000
0,000
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Comparison of PM concentrations among
different working sections of spinning factories
shows that at least two of the five departments had
the same level of the same concentration for all PM
fractions. However, the departments having the
same average PM concentration were different for
each fraction. For instance, spinning and carding
departments had similar average PM10 concentrations. Also, blow room and spinning departments
had the same PM2.5 concentration (Table 7).
PM2.5 concentration was higher than the limit
value (200 μg m-³) in all sections of spinning factories (Table 7). Since PM1 concentrations were
greater than those of PM2.5, it can be suggested that
very fine dust concentration levels were considerably high in the working areas of spinning factories.
When PM2.5 and PM1 concentrations were added to
find the cumulative concentration of fine and very
fine particles, the fine particle concentration could
be considered excessive compared to the TLV.

Fresenius Environmental Bulletin

PM concentrations and environmental factors in weaving factories. Average PM10 and PM1
concentrations were greater in airjet weaving factories compared to rapier type weaving factories
(Table 8, Figs. 5-7). PM fractions other than PM1
had lower concentrations than the threshold limit
(750 μg m-3). Mean values found for continuous
measurements for respirable and inhalable dust did
not pose health hazards to workers in the factories.
Dyed yarns are used in weaving factories as
well as plain yarns. Potential health problems associated with fine and very fine particulate matters are
not known in the facilities, which might result from
long-term exposure to dyed particulate matters.
Although there is a threshold limit set for weaving
operations, the chemical characteristics of plain and
dyed yarns are probably different and hence may
have different effects in the human body. However,
the regulations have not yet provided specific
threshold limit values for concentrations of different sources of particulate matters.

TABLE 8
Descriptive statistics for PM concentrations (μg m-3) for weaving factories
PM concentration
PM fraction
Working section
Sample size
Average
Standard deviation
976
309,81
163,88
Rapier
PM10
Airjet
311
644,99
193,42
976
541,86
381,21
Rapier
PM2.5
460
387,13
191,71
Airjet
372
533,82
798,41
Rapier
PM1
Airjet
372
874,58
473,50
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FIGURE 5
Instantaneous PM10 concentrations in weaving factories
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FIGURE 6
Instantaneous PM2.5 concentrations in weaving factories
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FIGURE 7
Instantaneous PM1 concentrations in weaving factories
and 28 μg m-3, respectively in an office and outdoors whereas 42 and 26.3 μg m-3 were measured in
a small plastic craft industry and outdoors [4]. Another study revealed that the PM10 concentrations
could be greater than the maximum allowed value
in 37.5% of the office buildings, with about 28.0113.4, 4.6-17.0, and 1.9-11.4 μg m-3, respectively
for PM10, PM2.5, and PM1 [5]. The ultrafine parti-

The graphical representation of PM concentrations shows the level of variations in the measured
instantaneous data. PM10 did not have large standard deviations whereas PM2.5 had large deviations
in rapier type weaving factories.
PM concentrations may vary depending on the
sources of PM fractions in different industries. For
instance, PM concentrations were found to be 15.5
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tration of PM10 and PM2.5 (Table 10). In a study to
assess the role of climatic factors on PMs in a suburban region, the temperature was found to affect
the bigger size particles whereas relative humidity
affected fine particles; also wind direction had a
significant effect on PM profile measurements [25].
In our study, the effects of temperature, relative
humidity, and wind speed on PM fractions usually
did not differ significantly, probably because the
measurements were not prone to various pollutants
that can be encountered outdoor. Further, outdoor
air cannot be conditioned in urban areas whereas air
conditioning is used effectively in the spinning and
weaving factories.
According to the Pearson correlation tests, in
yarn factories, correlations between the interaction
of the climate factors and PM concentrations were
stronger than those of the correlations between each
climate factor and the PM concentration. The same
result was found for both types of weaving factories. Regression tests showed that all measured PM
concentrations in rapier type and air jet type
factories were significantly affected by the interactions of temperature, relative humidity and air
speed (Table 11). Based on the results in Table 10
and 11, it could be suggested that the temperature
and relative humidity determined the significance
level since the effect of air speed alone on the concentration level was weak. However, the interactions of the three climate factors did not have the
same level of effect on all PM fractions. Correlations were the weakest in the case of the PM1 fraction.

cles were studied in dusting and varnishing in automobile repair shops, showing that airborne PM 10,
PM2.5, and PM1 concentrations (528, 283, and 278
μg m-3) were below ACGIH limit values [6]. It was
also reported that the sampling sites (urban, rural,
or industrial areas), and working and non-working
days have effects on measured PM levels [7].
Although the average concentration of each
PM fraction was less than the TLV in the weaving
factories, the concentrations of PM2.5 and PM1
added together gives much higher concentration
than the TLV. This result suggests potential lower
respiratory disturbances and diseases for the workers if they are exposed to the fine particles for prolonged periods.
Air conditioning is necessary to generate the
most appropriate production conditions in weaving
factories. The temperature and relative humidity are
usually kept around 30 °C and 60%, respectively
(Table 9). Therefore, it was not likely for the temperature to be in the comfort zone in weaving facilities, either. Pearson correlation test showed that the
effect of each climate factor was usually statistically significant, showing general dependence between
the climate factors and measured PM concentrations. In four of six cases, the air speed did not
affect the measured PM concentration (P>0.01)
whereas temperature and relative humidity had no
effect on PM1 only. The air speed had no effect on
the measured PM10, PM2.5, and PM1 in the case of
airjet type factories.
In rapier type weaving factories, temperature
and relative humidity had an effect on the concen-

TABLE 9
Descriptive statistics for environmental factors in weaving factories
PM fraction

Working sections

Rapier
PM10
Airjet

Rapier
PM2.5
Airjet

Rapier
PM1
Airjet

Environmental factors
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)
Temperature (°C)
Relative humidity (%)
Air speed (m s-1)

8911

Sample size

947
947
947
458
458
458
947
947
947
458
458
458
366
366
366
373
373
373

Average

Values
Standard deviation

31,16
59,70
0,12
29,20
60,28
0,09
31,16
59,70
0,12
29,20
60,28
0,09
25,77
59,90
0,04
29,03
60,31
0,14

2,53
4,09
0,13
0,35
2,29
0,12
2,53
4,09
0,13
0,35
2,29
0,12
1,54
2,34
0,07
0,58
3,20
0,14
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TABLE 10
The effect of environmental factors on PM concentrations in weaving factories
PM fraction

Department

Factors regressed
PM-Temperature
Rapier
PM-Relative humidity
PM10
PM-Air speed
PM-Temperature
PM-Relative humidity
Airjet
PM-Air speed
PM-Temperature
Rapier
PM-Relative humidity
PM2.5
PM-Air speed
PM-Temperature
PM-Relative humidity
Airjet
PM-Air speed
PM-Temperature
Rapier
PM-Relative humidity
PM1
PM-Air speed
PM-Temperature
PM-Relative humidity
Airjet
PM-Air speed
* n: number of observations, r: correlation coefficient, p: probability value

n*
947
947
947
311
311
311
882
882
882
458
458
458
366
366
366
372
372
372

r
0,782
0,750
0,260
0,279
0,293
0,101
0,664
0,523
0,359
0,420
0,246
0,010
0,041
0,090
0,032
0,244
0,323
0,017

p
0,000
0,000
0,000
0,000
0,000
0,077
0,000
0,000
0,000
0,000
0,000
0,828
0,438
0,086
0,543
0,000
0,000
0,747

TABLE 11
The effect of interactions of environmental factors on PM concentrations
PM fraction

Department

Factors regressed
PM-Temperature*Relative humidity
PM10
Rapier
PM-Temperature*Relative humidity*Air speed
PM-Temperature*Relative humidity
Airjet
PM-Temperature*Relative humidity*Air speed
PM-Temperature*Relative humidity
PM2.5
Rapier
PM-Temperature*Relative humidity*Air speed
PM-Temperature*Relative humidity
Airjet
PM-Temperature*Relative humidity*Air speed
PM-Temperature*Relative humidity
PM1
Rapier
PM-Temperature*Relative humidity*Air speed
PM-Temperature*Relative humidity
Airjet
PM-Temperature*Relative humidity*Air speed
* n: number of observations, r: correlation coefficient, p: probability value

n*
947
947
311
311
882
882
458
458
366
366
372
372

r
0,791
0,792
0,298
0,308
0,681
0,686
0,433
0,433
0,270
0,270
0,376
0,377

p
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000

TABLE 12
Mean comparisons of PM concentrations (μg m-3) for types of weaving factories
Sample size
Average ± standard error
PM fraction
Department
PM10
Rapier
955
315,18±3,43b*
Airjet
311
644,99±1,93a
PM2.5
Rapier
888
587,97±6,87a
Airjet
460
378,13±1,91b
PM1
Rapier
372
533,81±7,98b
Airjet
372
874,58±4,73a
* a and b denote statistically different means

weaving factories. This result seems plausible,
since airjet may cause turbulence in and around the
weaving machine, resulting in dust blown into the
environment.
In the urban and industrial areas, it is important to emit pollutants as low as possible to
protect the public health. Therefore, decisionmakers opt to reduce the threshold limits, and when
making the projections for the near future, the administrations and the industry are urged to take

The mean comparison tests were performed to
determine the differences in average PM concentrations between the rapier and airjet types of weaving
factories. The average PM concentrations were
found to be statistically different between the two
types of weaving factories in all PM fractions (Table 12). PM10 and PM1 concentrations were higher
in airjet type weaving factories whereas PM2.5 concentration was higher in rapier weaving facility.
Generally, PM concentrations were greater in airjet
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The workers complained about chest tightness
in spinning factories with about 69%, followed by
the phlyem, coughing, and breathlessness (Table
14). Forty-six percent of the workers were smoking
addict to different levels, and about 15% were using
ZKDW LV ORFDOO\ FDOOHG ³JUDVV´ a type of druglike
mixture of constituents stronger than cigarettes.
Another study regarding ambient air monitoring
suggests that PM10 and PM2.5 concentrations were
affected not only by the source of pollutant but by
the season, resulting in either higher or lower concentrations compared with the limit values [26].
Severe health hazards were determined, generating
from the bleaching and dyeing industries in a textile
cluster, and 67% of the population had different
respiratory complaints, including cold, cough,
bronchitis, asthma, and chronic obstructive pulmonary disease (COPD) [26].
It may be argued that older people are more
prone to health disturbances compared to the young
people. Since the workers surveyed in this study
were physically in their strong phases, the disturbances reported by the workers, especially the high
rate of chest tightness may be related to the work
environment. Factors other than PM might have
also affected these disturbances. For instance, the
relative humidity in the factories was not in the
comfort zone. The smell of the machines and the
processed materials could be a nuisance for some
workers as well. A large number of sampling was
not available to make a better assessment for PMhealth effects.

actions to improve the air quality. In confined areas
of textile industry, an agri-based industry, such as
the spinning and weaving factories, the production
focuses on air conditioning to obtain the best processing conditions of the raw and processed materials under consideration. The technology in such
factories usually is high, and the operating conditions of the machines and processing requirements
regarding environmental conditions are well understood. Modern factories have several stages of
cleaning, conveying, and filtering the dust to produce clean and flawless products. It does not seem
trivial to develop means of reducing the PM pollution further in the work areas in such factories in
the near future. It may not be technically possible
and economically feasible to create thermal comfort
for the workers in these factories since the major
focus is to create the most appropriate conditions
for spinning and weaving processes in the first
place.
Despite the dust canals and automatic dust
collectors in the spinning and weaving factories, the
PM concentrations exceeded the TLVs, suggesting
that workers should use personal protections. Spinning factories were exceptionally clean and caused
minor itching in the mouth and nose and no irritations in the skin and eyes. Eventually, dust masks
were not used, but the workers usually use earplugs
to reduce the adverse effects of noise.
PM-health effect evaluation in spinning factories. A survey was administered to twenty-two
workers in spinning factories. The results were not
evaluated for different work sections of the factories because weaving factories had all the machines
under a single roof and had no physical divisions
within the factories. Working durations of the
workers ranged from 1 to 12 years in spinning factories, and the workers were usually young (Table
13).

PM-health effect evaluation in weaving factories. A survey was administered to twenty workers in weaving factories. Although the ages of the
workers ranged from 26 to 43, the workers in weaving factories worked up to three years and hence
were not exposed to PM for long years (Table 15).

TABLE 13
Description of workers in spinning factories
Features
Min.
Max.
Average ± standard error
Age (year)
19
37
29±1,59
Height (cm)
163
183
170±1,83
Weight (kg)
50
120
71±5,38
Body mass index (BMI) (kg/height2)
16,33 35,83
24,27±1,50
Working time (year)
1
12
5±1,11
TABLE 14
PM-health effect evaluation in the spinning factories (%)
Disturbance
Yes
No
Coughing
38,46
61,54
Phlegm
46,15
53,85
Tightness in the chest
69,23
30,77
Breathlessness
38,46
61,54
Smoking
46,15
53,85
Grass
15,38
84,62
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TABLE 15
Description of workers in weaving factories
Feature
Age (year)
Height (cm)
Weight (kg)
Body mass index (BMI) (kg/height2)
Working time (year)

Min.
26
170
60
19,59
1

Max.
43
178
94
30,07
3

Average ± standard error
35±2,23
175±0,89
77±4,39
25,29±1,43
3±0,27

TABLE 16
PM-health effect evaluation in weaving factories (%)
Disturbance
Coughing
Phlegm
Tightness in the chest
Breathlessness
Smoking
Grass

Yes
0
25
0
25
37,5
25

No
100
75
100
75
67,5
75

irritations. Such preventions could reduce the effect
RI30RQWKHZRUNHUV¶KHDOWK

It was notable that the workers had no complaints about coughing and tightness in the chest
(Table 16). The reason for not experiencing these
disturbances might be related to the fact that they
had not been working in these facilities for too
long. However, there is no evidence to prove this
since the health histories of workers were not
recorded. Additionally, average PM concentrations
measured in weaving factories were lower than the
threshold values suggesting no adverse health effects due to exposure to PM. Workers complained
about pyhlem in weaving factories, too. The percentage of the pyhlem complaint (25%) was lower
than the smoking rate (37.5%) and was the same as
the grass use rate (25%). Therefore, the phylem
disturbance might be related to these habits rather
than the PM exposure. As a result, the workers have
some complaints regarding the respiratory system.
It was not likely to collect data from more workers
or factories and relate the findings to the health
histories of workers. Therefore, more insight could
be gained with a different scope in another study.

CONCLUSION
In spinning factories, average PM10 concentrations ranged largely from one department to another. PM2.5 concentrations were found to be above the
TLV (200 μg m-3) in all sections of spinning factories. PM1 concentrations were also greater than the
threshold set for PM2.5, and hence very fine dust
concentrations were excessive.
In weaving factories, average PM concentrations were different in rapier and airjet type factories. In airjet type, PM10 and PM1 concentrations
were higher than that of rapier type weaving factories. All PM concentrations were lower than the
limit value (750 μg m-3) in the weaving factories
except in airjet machines with PM1.
The temperatures were 24-32 and 30 °C,
respectively in spinning and weaving factories,
suggesting that the work environments were not in
the thermal comfort zone for the workers. The
relative humidity was in the comfort zone with
about 43-50% and 60%, respectively for spinning
and weaving factories. In spinning factories, each
of the temperature and the relative humidity mostly
had a significant effect on average PM10 and PM2.5
concentrations whereas the effect of airs peed was
usually insignificant (P>0.01). The effect of each of
these factors on PM1 concentration was not
significant. However, the effect of the interaction of
temperature and relative humidity was significant,
and the addition of the effect of air speed did not
change the significance level in any of the
departments. In weaving factories, the temperature
and the relative humidity had a significant effect on
all PM fractions other than PM1 in rapier type
factory. The interactions of the three factors also
had a significant effect on PM concentrations in all

Protection from PM exposure. It was
discussed in the previous section that the air conditioning was a common practice in spinning and
weaving factories, specifically operated depending
on the temperature and humidity requirements of
the materials being processed rather than the thermal comfort of the workers. The PM generation
cannot be further reduced at the sources, and technical means can reduce the dust generation to certain levels. Thus, dust masks should be used in
areas where the concentration of PM fractions is
greater than the threshold limits. However, in textile factories, the ear plugs and dust masks are provided to the workers, but the workers are usually
not willing to use dust masks because they find it
difficult to get used to the masks. Long sleeve shirts
and eye protection will help reduce the skin and eye
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departments for all PM fractions. Workers
complained about tightness in the chess, phlegm,
breathlessness, and coughing in the spinning
factories, and about phlegm and breathlessness in
weaving factories. High fine PM concentrations can
explain these health complaints in the spinning
factories and low coarse and fine PM
concentrations in weaving factories. The workers
should use dust masks to avoid respiratory
problems in spinning factories.
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THE DETERMINATION WITH GEOGRAPHIC
INFORMATION SYSTEMS (GIS) MAPPING OF THE
ENERGY USE EFFICIENCY OF POTATO PRODUCTION
AREAS IN TURKEY: A STUDY IN NEVSEHIR PROVINCE
Osman Gokdogan*, M Cuneyt Bagdatli, Oktay Erdogan
Department of Biosystem Engineering, Faculty of Engineering-Architecture, Nevsehir Haci Bektas Veli University, Nevsehir, Turkey

subject of the study is to determine energy use
HIILFLHQF\ LQ SRWDWR SURGXFWLRQ DUHDV LQ 1HYúHKLU
province and its districts and also to spatially map
potato areas in GIS environment. The benefits of an
assessment made in consideration to the energy
amounts consumed in agricultural production processes are; ensuring more efficient use of energy
resources, determining the actual values, types and
locations of wastes and loss in the production systems, reducing inefficiencies in the current production methods and developing more effective methods, ensuring a sustainable development by targeting a sustainable use of energy resources, determining the areas of use and priorities of high and low
quality energy resources, determining the areas for
possible development through the use of technology
[1, 2].
In vegetative nutrition, potato is the seconds
most consumed food substance following grains. It
is being produced and consumed in almost every
country in the world, as it has a high nutrient value,
is easy to digest, has a wide area of use and can
grow in almost all types of climates [3]. Containing
important food substances such as carbohydrate,
protein, vitamins and iron (Fe) in the form of starch
in its bumps, potato can be consumed directly by
people but it can also be processed (crisps, finger
potato etc.) before consumption. In addition, when
a certain amount of potato flour (2.5-3%) is added
to bread flour, it makes bread more delicious and
delays staling. Varieties containing high amounts of
starch are being used in industry and some are used
as forage (waste) [4, 5]. According to 2015 data,
SRWDWR SURGXFWLRQ LQ 1HYúHKLU SURYLQFH FRYHUV DQ
area of 69900 decares, and the annual production
amount is 301039 tons. Potato cultivation area in
1HYúHKLU SURYLQFH PDNHV XS DERXW  RI WKH
whole potato growing area in Turkey, while production output makes up about 6.3% [6]. There are
two ways of reducing costs in potato production.
These are; reducing product costs by supporting
production inputs or increasing yield per unit area.
Increasing the bump yield per unit area can be realized by observing scientific principles in growing,
such as using proper variety and high quality seeds,
doing crop rotation, using sufficient fertilizers and

ABSTRACT
In this study, the GIS mapping of the energy
use efficiency by the farms producing potato in
Turkey in 1HYúHKLU¶V &HQWUDO 'HULQNX\X hUJS
districts and towns were determined. In the study,
survey, questionnaire, observation, measurement
and calculation methods were employed. Based on
WKH ³3URSRUWLRQDO 6DPSOLQJ 0HWKRG´ WKH VWXG\
WRRN SODFH LQ 1HYúHKLU¶V &entral, Derinkuyu and
Ürgüp districts, where 9 villages were randomly
selected from each district, combining to make up a
total number of 27 villages and 189 farms in 2016
production season. Energy use efficiency, energy
productivity, specific energy and net energy in
potato production were calculated as 1.58, 0.50 kg
MJ-1, 2 MJ kg-1 and 40717.69 MJ ha-1, respectively.
The coordinates of the studied potato production
areas were acquired with the help of Global Positioning System (GPS) and the coordinate values
were transferred to the Digital Elevation Model in
digital environment. Energy values and spatial
points were processed and these location data were
geo-statistically evaluated in Arc GIS 10.3.1 GIS
Software. In literature search has indicated that
there was never any detailed study conducted on
determining the energy use efficiency of the potato
SURGXFWLRQ DUHDV LQ 1HYúHKLU DQG RQ HVWDEOLVKLQJ
spatial energy distribution maps in GIS Mapping.

KEYWORDS:
Energy use efficiency, GIS mapping, Potato, Turkey

INTRODUCTION
In this study, the purpose was to determine the
efficiency of the energy used in agriculture in the
SRWDWR ILHOGV RI 1HYúHKLU SURYLQFH DQG WR SURGXFH
maps in GIS environment, by the help of acquired
data, to indicate the spatial energy distribution status. The study has a unique aspect as it will be conducted through information technologies and maps
will be produced following spatial analysis of acquired data in GIS environment. In this sense, the
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the Central, Derinkuyu and Ürgüp districts of
1HYúHKLU SURYLQFH DQG  VDPSOHV KDYH EHHQ WDNHQ
from each area to spatially map energy use efficiency in GIS environment, hence the study has been
conducted on a total of 27 points. The district borGHUV ZLWKLQ 1HYúHKLU province assessed under the
scope of the study have been presented in detail on
the map presented in Figure 1.
Questionnaires have been conducted at the agricultural farms where observation and research was
performed. These agricultural farms are located in
Central, Derinkuyu and Ürgüp districts and the
villages of these districts, where according to data
received from the Statistical Institute of Turkey [6],
DV ZHOO DV GDWD IURP 1HYúHKLU 3URYLQFLDO 'LUHF
torate of Food Agriculture and Livestock. In the
study, survey, questionnaire, observation, measurement and calculation methods have been used.
The 189 farms included in the study have been
GHILQHG LQ DFFRUGDQFH WR ³3URSRUWLRQDO 6DPSOLQJ
0HWKRG´ E\ WKH XVH RI EHORZ JLYHQ HTXDWLRQ >
41].

pesticides under favourable conditions and applying
growing techniques in full and on time [5].
Different researches were done on energy efficiency of agricultural products. For example, researches were done on energy input-output analysis
of potato [7, 8, 9], soybean [10], cotton [11, 12, 13],
sugar beet [14, 15, 16], rice [17, 18], food grain
[19], sunflower [20, 21, 22], corn silage [23], barley
[24], sorghum [25], vetch [26, 27], wheat [28],
tomato [29], vegetable [30], cucumber [31], black
carrot [32], apricot [33], cherry [34], sweet cherries
[35], organic strawberry [36], peach [37], walnut
[38], organic olive [39] etc. In this research, the aim
was to determinate with GIS mapping of the energy
use efficiency of potato production areas. Literature
review has shown that no previous studies have
ever been conducted in detail before on determining
with GIS mapping of the energy use efficiency
HQHUJ\XVHLQSRWDWRDUHDVRI1HYúHKLUSURYLQFH,Q
this sense, the study is the first of its kind. In addition, forming energy maps by conducting spatial
analyses in GIS mapping is another unique aspect
of the study.

n

: (N*p*q) / (N-   ĮSS T

(1)

n : Sample volume
N : Number of total producers in the selected
districts
P : Ratio of potato growing producers
Q : Ratio of non-potato growing producers
ĮS: Variance (0.0346)

MATERIALS AND METHODS
The farms in the potato growing areas where
survey studies have been held and spatial data of
map formation in GIS mapping comprised the material of the study. The study has been conducted in

FIGURE 1
Location of the study area
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TABLE 1
Potato growing area, production and number of farms in the survey
Districts
Central
Derinkuyu
Ürgüp
Total

Area (ha)*
1451.2
2515.5
1783.1
5749.8

Production (ton)*
57265
124074
74757
256096

Analysed Farms
40
79
70
189

*Anonymous, 2016 [6].

TABLE 2
Energy equivalents of energy inputs and outputs used in potato growing
Inputs
Human labour
Machine power
Chemical fertilizers
Nitrogen
Phosphor
Potassium
Sulphur
Zinc
Diesel fuel
Seed
Farmyard manure
Chemicals
Water of irrigation
Transport
Outputs
Potato

Unit
h
h

Energy equivalent (MJ / unit)
1.96
64.80

Resources
[45, 46]
[34, 47]

kg
kg
kg
kg
kg
l
kg
kg
kg
m3
MJ t-1 km-1
Unit
kg

60.60
11.10
6.70
1.12
8.40
56.31
3.1509
0.30
101.20
4.20
4.50
Energy equivalent (MJ / unit)
3.1509

[47]
[47]
[47]
[42, 48]
[7, 49, 50]
[35, 47]
Measured
[47]
[51]
[52, 53]
[54, 55]
Resources
Measured

classifications of energy input types with regards to
potato growing have been provided in Tables 4 and
5.

During the surveys, 27 potato materials taken
from 189 farms in 27 villages have been tagged,
wrapped in paper, placed into polyethylene sacks
and then taken to laboratories to measure their energy equivalents. First the weight weights of the
potatoes have been measured with a precision scale
and then they have been dried in a drying stove
until they reached fixed weighing. After drying, the
samples have been taken into desiccator, and then
their energies have been measured in a calorimeter
device. Following the measurements, energy equivalence has been defined as 3.1509 MJ kg-1, based
on the measurement average of 27 potato samples
and energy map has been formed. Solution proposals have been provided with regards to improving current production, on the basis of findings and
efficiency indicators acquired at the end of the
study. The total number of analysed farms has been
given in Table 1 and all data acquired from the
trials have been evaluated in Excel program and
then tabulated.
When calculating energy input and energy
output, the energy equivalents of inputs and outputs
need to be known. Previous studies have been referred to determine energy equivalent coefficients.
Energy equivalents of inputs and outputs used in
agricultural production has been provided in Table
2. Energy ratio (energy use efficiency), energy
efficiency, specific energy and net energy have
been calculated by using the following formulae [7,
10, 42]. Energy inputs can be classified as direct,
indirect, renewable and non-renewable [10, 43, 44].
Energy balance, energy use efficiency calculations
and direct, indirect, renewable and non-renewable

ె
ሻ

ె
୬ୣ୰୷୧୬୮୳୲ሺ ሻ

ౡౝ
ଢ଼୧ୣ୪ୢ୭୳୲୮୳୲ሺ ሻ

ె
୬ୣ୰୷୧୬୮୳୲ሺ ሻ

ె
୬ୣ୰୷୧୬୮୳୲ሺ ሻ

ౡౝ
ଢ଼୧ୣ୪ୢ୭୳୲୮୳୲ሺ ሻ


Energy use efficiency =

୬ୣ୰୷୭୳୲୮୳୲ሺ

(2)

Energy productivity =

(3)

Specific energy =

(4)

Net energy = Energy output (MJ ha-1) ±
Energy input (MJ ha-1)

(5)

Following field surveys, the coordinates of the
areas of study have been taken by using a GPS
device, and the acquired coordinate values have
been conveyed by using the Spatial Module of Arc
GIS 10.3.1 software. Borders of the study area have
been produced by the help of a polygon drawn from
a satellite image with 2 m terrestrial resolution of
1HYúHKLU SURYLQFH WDNHQ E\ *|NWUN-2 during another project number NEÜBAP15F15 [56]. The
coordinated of the points where potato samples
have been acquired through field studies, have been
spatially transferred to the GIS database and data
have been in geo-statistically assessed in Arc Catalog environment in line with the energy analysis
results of each point supplying the potato samples.
Areal assessment of the acquired spatial data is only
possible by two or three dimensioned mapping.
There are different statistical methods available for assessing the study data in GIS mapping.
Spline method, proposed by [57] and commonly
used in estimating the characteristics of points and
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TABLE 3
Energy balance in potato production
Inputs
Human labour
Machine power
Chemical fertilizers
Nitrogen
Phosphor
Potassium
Sulphur
Zinc
Diesel fuel
Seed
Farmyard manure
Chemicals
Water of Irrigation
Transport
Total
Outputs
Potato
Total

h
h

Energy equivalent
(MJ br-1)
1.96
64.80

Energy input
(MJ ha-1)
277.26
24.95

kg
kg
kg
kg
kg
l
kg
kg
kg
m3
MJt-1 km-1

60.60
11.10
6.70
1.12
8.40
56.31
3.1509
0.30
101.20
4.20
4.50

448.99
130.71
81.19
157.87
5.41
62.37
3590
190
4.04
5490
176.87

Energy equivalent
(MJ br-1)
3.1509

Yield
(kg ha-1)
35370

Unit

Unit
kg

Unit
kg ha-1
MJ ha-1
MJ ha-1
-1

kg MJ
MJ kg -1
MJ ha-1

Ratio
(%)
0.77
2.29
41.60
38.47
2.05
0.77
0.25
0.06
4.97
15.99
0.08
0.58
32.60
1.13
100.00
Ratio
(%)
100.00
100.00

have any negative effects on the reliability of the
maps.

TABLE 4
Energy use efficiency calculation in potato
production
Calculations
Potato
Energy input
Energy output
Energy use efficiency
Energy efficiency
Specific energy
Net energy

Energy value
(MJ ha-1)
543.43
1616.76
29425.89
27208.79
1450.88
543.97
176.81
45.44
3512.05
11311.73
57
408.85
23058
795.92
70729.64
Energy value
(MJ ha-1)
111447.33
111447.33

Values
35370
70729.64
111447.33
1.58
0.50
2
40717.69

RESULTS AND DISCUSSION
During the 2016 production season, an average of 35.37 tons ha-1 potato has been produced in
all farms. Energy balance in potato production for
2016 has been given in Table 3. Energy input in
potato production has been calculated as 70729.64
MJ ha-1, energy output as 111447.33 MJ ha-1 and
energy output-input ratio has been defined as 1.58.
Of the energy inputs, 41.60% is chemical fertilizer
energy, 32.60% is water of irrigation energy,
15.99% is seed energy, 4.97% is diesel fuel energy,
2.29% is machine power energy, 1.13% is transport
energy, 0.77% is human labour energy, 0.58% is
chemicals energy and 0.08% is farmyard manure
energy.
Energy use efficiency, energy efficiency, specific energy and net energy in potato production
have been respectively calculated as 1.58; 0.50 kg
MJ-1; 2 MJ kg-1 and 40717.69 MJ ha-1 (Table 4). In
a previous study by [7] in energy use efficiency in
potato production, energy ratio has been defined as
1.25; [8] in energy use efficiency in potato production, energy ratio has been defined as 0.96-1.09; [9]
in energy use efficiency in potato production, energy ratio has been defined as 1.70-1.77. In potato
growing, 49.44% of total energy inputs were renewable energy, while 50.56% was non-renewable
energy consumption. Chemical fertilizers, part of
non-renewable energy inputs, need to be reduced
for renewable energy inputs to be increased (Table
5). In a study by [7] on energy use efficiency of
potato production, the ratio of renewable energy has
been defined as 25.73%, in a study by [9] on energy
use efficiency of potato production, the ratio of
renewable energy has been defined as 15.16%15.26%.

TABLE 5
Energy input types in potato production
Ratio(%)
Energy input
(MJ ha-1)
Direct energy a
27113.48
38.33
Indirect energy b
43616.16
61.67
Total
70729.64
100.00
Renewable energy c
34970.16
49.44
d
Non-renewable energy
35759.48
50.56
Total
70729.64
100.00
a
Human labour, diesel fuel, water of irrigation.
b
Chemical fertilizers, chemicals, machine power, farmyard
manure, seed, transport.
c
Human labour, seed, water of irrigation, farmyard manure.
d
Diesel fuel, machine power, chemical fertilizers, chemicals,
transport
Energy type

areas where no measurement takes place, has been
effectively used in this study. Following the point
FRRUGLQDWHV WDNHQ LQ UHSUHVHQWDWLRQ RI 1HYúHKLU
province, the relevant geo-statistical analyses have
indicated the change in the energy distributions of
province-wide potato areas, and it was also possible
to reveal the progress of changes in the districts in
detail. Hand-held GPS has been used in the study,
and when compared to precision Differential GPS
used with Turkish Tusaga Aktif Cors System, there
was a difference of y: 1.59 m x: 0.90 m in coordinate measurement. Use of GPS in this type of a
study is at a tolerable level in terms of error margin.
In the study, whole of the potato areas have been
taken into consideration and therefore the possible
margin of error for using hand-held GPS did not
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processed into the related digital maps and spatial
analyses have been performed [61]. Regarding the
borders of the 3 districts involved in the study, the
locations and coordinates where potato samples
have been taken are given in detail on the maps in
Figures 2, 3 and 4.
There are a total of 9 villages within the CenWUDOGLVWULFWRI1HYúHKLU $V seen in Figure 2, three
potato samples have been collected from each randomly selected agricultural land in each village
during the month of August. The average of the
energy values of collected potato samples has been
taken and appointed to the village centre coordinates as the related spatial area. The coordinate
values related to the potato samples collected from
WKH 1HYúHKLU FHQWUDO GLVWULFW YLOODJHV GXULQJ WKH
study have also been duly presented. The coordinates of Ürgüp district borders where potato samples have been collected under the scope of the
study, as well as sample points have been provided
in Figure 3. Ürgüp district involved in the study has
a total of 21 villages and 4 towns. In this study,
conducted with the purpose of determining potato
energy input-output costs and energy value of potato, potato samples have been collected from 9 randomly selected villages in Ürgüp district and questionnaires have been conducted. Potato samples
have been taken from randomly selected villages
with 3 recurrences and their average values have
been appointed to the coordinate values at the village centre to produce spatial maps. The coordinate
values where sample points have been appointed
are presented in detail in the related table.

The values related to energy analyses of potato
samples taken from the areas defined under the
scope of the study, have been transferred in GIS
mapping to Arc GIS 10.3.1 software environment
with coordinates and spatial maps related to energy
distribution of potato plant have been produced.
The Central, Derinkuyu and Ürgüp districts of
1HYúHKLU SURYLQFH FRQVWLWXWHG WKH VWXG\ DUHD DQG
potato samples have been collected from 9 villages
in each district, for a total of 27 samples. Energy
values of samples have been taken in 3 recurrences
and these values, with coordinates, have been subjected to spatial analysis in GIS mapping. Spatial
analysis studies have been made by the help of Arc
GIS 10.3.1 program by using spatial analysis module and the help Spline Interpolation Technique to
make the calculations and produce spatial distribution maps [58, 59]. Even though it is possible to
perform both spatial and non-spatial analyses in
GIS, the strongest aspect of the system is the ability
to do spatial analysis. The most significant aspect of
spatial analysis is producing new data by using the
data available in GIS. Spatial analyses can be performed by using a single layer, and also by using
two or more layers. Main spatial analyses are as
follows: Basic spatial analyses - Network analyses Geometric and statistical procedures - Digital terrain/elevation models [60]. Under the scope of
spatial analyses, a study has been conducted, GIS
Areal Analyses of Morphologic Soil Characteristics
of the Turkish Republic of Northern Cyprus Terrain, and the soil values gathered from the field in
this study, as well as the coordinates, have been

FIGURE 2
3RWDWRVDPSOHFROOHFWLRQSRLQWVLQ1HYúHKLU&HQWUDOGLVWULFWDQGWKHFRRUGLQDWHV
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FIGURE 3
Potato sample collection points in Ürgüp district and the coordinates

FIGURE 4
Potato sample collection points in Derinkuyu district and the coordinates
to the potato sample collection points have been
transferred to the related coordinate values and a
SRWDWR HQHUJ\ PDS UHODWHG WR 1HYúHKLU FHQWUDO GLV
trict has been produced. In this sense, the energy
values of the potato samples collected from the
YLOODJHV RI 1HYúHKLU FHQWUDO GLVWULFW KDYH EHHQ GH
termined as 2.1140 - 3.6852 MJ kg-1. Looking at the
spatial distribution of potato energy on the basis of
Central district borders, potato energy values are
highest at the north western sections and the midpoint of Central district, and these villages are withLQ WKH ERUGHUV RI *|UH %DOFÕQ DQG dLIWOLN 7KH
northern sections of the Central district have the
lowest value in terms of energy value, while the
energy value of potato in southern parts has been
determined to be close to the average of the maximum and minimum defined values of potato energy
value.

The detailed area map for the study points in
Derinkuyu district, also involved in the study, is
presented in Figure 4. Another area examined in the
study is Derinkuyu district. There are 6 villages and
2 towns in Derinkuyu district. Under the scope of
the study, potato samples have been taken from a
total of 9 different settlements, including the agricultural lands at central Derinkuyu. The coordinate
values related to the areas where questionnaires
have been held and potato samples have been collected, are shown in detail on time presented table
and map. The energy value of all potato plants
collected under the scope of the study have been
subjected to a spatial analysis, in accordance with
the sample collection points, and energy distribution maps have been produced.
In this sense, the energy distribution map reODWHGWR1HYúHKLUFHQWUDOGLVWULFWLVJLYHQLQGHWDLOLQ
Figure 5. The energy values acquired in connection
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FIGURE 5
1HYúHKLUFHQWUDOGLVWULFWSRWDWRHQHUJ\GLVWULEXWLRQVSDWLDOPDS

FIGURE 6
Ürgüp district potato energy distribution spatial map

FIGURE 7
Derinkuyu district potato energy distribution spatial map

The spatial distribution map of potato energy
in Ürgüp district is presented in Figure 6. Reviewing the spatial distribution maps of energy values of
the potato samples randomly collected from within
the Ürgüp district, values of potato within this area
have been determined to be ranging between 2.2398
- 5.0195 MJ kg-1. The spatial distribution of potato

energy within Ürgüp district has been observed to
be at maximum levels in central parts, while moving towards north east and south west from Ürgüp
GLVWULFW¶VFHQWUDOSDUWVHQHUJ\YDOXHVDUHDSSURDFK
ing to predefined minimum value. The maximum
energy value is particularly observed in Çökek,
.DUDFD|UHQDQG.DUOÕNYLOODJHV
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be addressed as a single unit [62, 63]. In order to
decrease the inputs in potato production, use of
chemical fertilizers during production need to be
gradually reduced. During the face to face interviews with the producers, the importance of reducing the non-renewable inputs, which were also used
in this study, and increasing the use of renewable
inputs has been emphasized. With regard to the
potato energy values found in this study, the highest
energy value has been observed in Ürgüp district by
5.0195 MJ kg-1, and spatial distribution, in terms of
KLJKHVW HQHUJ\ YDOXH KDV EHHQ REVHUYHG LQ .DUOÕN
village of Ürgüp district. The second highest spatial
area in terms of the energy value distribution of
potato has been observed in Göre town, within
1HYúHKLU &HQWUDO GLVWULFW ZLWK DQ HQHUJ\ YDOXH RI
3.6852 MJ kg-1. Assessing the performed spatial
analyses, the lowest energy value has been observed in Sulusaray town within the borders of the
Central district by an energy value of 2.1140 MJ
kg-1.
When assessing the study held in GIS mapping, the spatial analyses of energy values acquired
for the potato plant has been practised as an evaluation method that indicates the area-based distribution of variation and provides an infrastructure
support for the studies to be held. The use of this
method has been shown in the samples. In related
studies, the energy values related to the plants to be
assessed under the scope of the study are generally
calculated by the coefficients that have been
reached with the help of literature. However, this
study has provided the opportunity to have a spatial
analysis of the conclusions that have been achieved
with the coordinates particularly taken in relation to
space and literature-based coefficients are not used
on purpose, but rather the energy equivalents of
potato plant defined by actual laboratory results
have been used to produce spatial distribution
maps, hence the conclusions are original. As well as
setting an example for the studies on determining
the energy input-output costs and energy values of
plants, this study is also thought to be contributing
in the form of directive to other similar studies.

Another area where the study has been held is
Derinkuyu district, for which the spatial distribution
map related to the energy values of potato samples
in this area, is presented in Figure 7. The spatial
distributions of energy values and changes in the
energy amounts of potato samples randomly collected from 9 different places within the borders of
the study area in Derinkuyu district have been determined to range between 2.1928 - 3.2672 MJ kg-1.
The spatial energy distribution of potato particularO\ LQ WKH <D]ÕK|\N YLOODJH LQ VRXWK ZDV DW WKH
minimum level of the predefined energy value,
while in Güneyce village in the north it was around
the average energy value. In the other study areas
within the borders of Derinkuyu district, energy
value is around the maximum energy value that has
been predefined.

CONCLUSION
According to the questionnaire and observaWLRQ UHVXOWV IURP WKH SRWDWR IDUPHUV LQ 1HYúHKLU
province; it has been concluded that human labour
energy is preferred over mechanization among
energy inputs. The reason for this is the use of human labour rather than mechanization in all loading
and off-loading after harvesting. The main reason
for chemical fertilizers energy inputs to be the leading one among inputs with a share of 41.60% is the
scarce use of farmyard manure. Farmyard manure
must be applied to reduce chemical fertilizers energy. This way, the ratio of energy use efficiency can
be increased. Based on the study findings, it is
obvious that potato production was an economic
one for the 2015-2016 production season. At the
end of the study, it has been observed that potato
farmers do not have any marketing or any other
associations. Forming marketing associations is
highly important that the produced potatoes can be
sold with more profit and not having to be kept at
the storages. These studies need to be held on this
issue. According to the data gathered from farmers,
personal marketing is being conducted, and as a
result of this the price of the product is reduced and
farms are incurring losses. In case a change is made
on product pattern, a mechanization park and chain
that is suitable for the product pattern needs to be
formed. As a result, it is clear that farmers, technical persons and researchers should come together
WR LPSURYH SRWDWR SURGXFWLRQ LQ 1HYúHKLU WDNH
necessary measures, thus contributing to both the
provincial economy and also to national economy.
All of the farmers requested support for product prices. The problem does not have any single
³2QH DQG 2QO\´ VROXWLRQ EXW UDWKHU WKHUH LV DQ
³2SWLPL]DWLRQ´ WKDW FRXOG FKDQJH $JULFXOWXUDO
mechanization need to be analysed and the estimated, technical, economic, social and natural resources related criteria of its development needs to
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photocatalyst for effective degradation of environmental pollutants is key factor [1-5].
Graphite carbon nitride (g-C3N4) possesses
unique semiconductor band structure, excellent
chemical inertness, friendly biocompatibility and
easy preparation, which has aroused great interest in
the field of photocatalysis [6-9]. However, g-C3N4
always has surface defects and high recombination
of photogenerated electrons and holes, which caused
low photocatalytic activity [10]. In order to improve
the photocatalytic performance of g-C3N4, there
were many methods used to modify g-C3N4, such as
nonmetal doping [11], metal doped [12], precious
metal deposit [13], semiconductor coupling and conductive conjugated polymer modification [14,15],
etc. Among all of the reported examples, considerable attention has been interested the coupled g-C3N4
with semiconductors, such as TiO2 [16], WO3 [17],
In2O3 [18], ZnO [19], Ag2MoO4 [20, 21], Bi-based
materials [22-24], etc. Through these semiconductors coupling, the photocatalytic activity of g-C3N4
can be significantly improved.
Cerium dioxide (CeO2) has high photocatalytic
activity, low cost, and environmental friendliness
[25]. However, one of the disadvantage of CeO2 is
its large band gap which is only responsive to highenergy ultraviolet (UV) light. Therefore, the visiblelight response of CeO2 should be improved through
modification. For instance, CeO2 has been modified
by coupling of other semiconductors, such as
Ag/AgCl-CeO2 [26], Ag2O/CeO2 [27], CeO2/CdSDETA [28], CeO2@Bi2WO6 [29], Ag3PO4/CeO2
[30], etc.
Ag3PO4 has small band gap, it can be easily excited under visible light irradiation, specially the
plasma effect of Ag3PO4 could effective enhance the
photocatalytic activity [31]. Therefore, Ag3PO4 is
used to design the visible light response composite
photocatalysts, which could extend the light adsorption of composite photocatalyst and enhance the separation rate of holes and electrons. For instance, Hu
et al. Prepared Ag3PO4-Bi2O2CO3 composite photocatalyst for higher photocatalytic activity toward
degradation of Rhodamine (RhB) under visible light
irradiation [32]. Cai et al. designed the Ag3PO4BiPO4-PPy heterostructure photocatalyst showed

In this work, Ag3PO4/CeO2/g-C3N4 composite
photocatalysts were prepared by calcination and hydrothermal method. The physical and chemical properties of as-obtained photocatalysts were characterized by using X-ray diffraction (XRD), scanning
electron microscopy (SEM), Fourier transform infrared spectroscopy (FT-IR) and ultraviolet-visible diffuse reflectance spectroscopy (UV-vis DRS). The
photocatalytic activities of as-obtained photocatalysts were evaluated by degradation of tetracycline
under visible light irradiation. The results showed
that the photodegradation rate of tetracycline (TC)
could reach 73% in 60 min. The stability of as-obtained photocatalyst was investigated by cycling experiment. The result exhibited that the as-obtained
photocatalysts still kept high photocatalytic activity
after four cycles. The dynamics analysis of photocatalytic degradation of TC indicated that the process obeyed the quasi-second dynamics model. And
the transfer processes of photogenerated electrons
were also discussed in detail.
-+#&'
CeO2, Ag3PO4, Graphitic carbon nitride, Composite materials, Tetracycline
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With rapid economic development, it causes us
rich life and also generates a series of problems at
the same time, such as energy shortage and environmental pollution which influenced on our life. The
photocatalytic technology could effectively remove
environmental pollutants with photocatalyst under
sunlight irradiation, also the photocatalyst could
convert solar energy to other energy sources, which
could effectively relieve the energy crisis and solve
the problems of environmental pollution and so on.
As an important advanced oxide technology, the
photocatalytic efficiency mainly depends on the
photocatalysts, therefore reasonably designed one
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C3N4 or CeO2. Single g-C3N4 and CeO2 were prepared via only calcined melamine and cerium nitrate,
respectively. 

high photocatalytic efficiency for degradation of
malachite green [33]. Qi et al. fabricated Ag3PO4-BiOCl1-xBrx composite photocatalyst for enhanced the
adsorption of visible light and photocatalytic activity
on degradation of phenol [34]. Similarly Ag3PO4TiO2 [35], Ag3PO4-SrTiO3 [36], Ag3PO4@LaPO4
[37], and so on. The composite photocatalyst with
modification of Ag3PO4 exhibited higher visible
light harvest and enhanced photocatalytic activity.
Therefore, the main objective of this work is to
prepare composite photocatalysts which could enhance the photocatalytic activity on degrading of antibiotic wastewater under visible light irradiation.
The Ag3PO4/CeO2/g-C3N4 nanocomposite was synthesized by simple calcination and hydrothermal
method. The morphologies, structure and chemical
composition of as-prepared photocatalyst were characterized through various techniques. Furthermore,
the stability of Ag3PO4/CeO2/g-C3N4 was also investigated, then photodegradation dynamics and photocatalytic mechanismwere further discussed.


,$&!"( '(#"

52960.8? .:1 >2.42:@? All of the reagents
are of analytical grade and used without further purification. Melamine, sodium hydrogen phosphate,
silver nitrate and cerium nitrate were purchased from
Aladdin Chemistry Co. Ltd. In this work, all the
aqueous solutions were prepared using deionized
water, and single CeO2 and g-C3N4 were prepared by
calcinating Ce(NO3)3·6H2O and melamine in muffle
at 500°C for 4 h, respectively.

$>2<.>.@6;:;34 $# 2# 4 " First, a
certain amount of melamine and cerium nitrate were
ground in the mortar to make it full blend. Then the
mixture were put into a covered crucible and placed
the crucible into the muffle furnace. It was calcined
to 500°C with the speed of 3°C/min and maintained
the temperature for 4 h. Various ratios of CeO2/gC3N4 were obtained after cooling. Second, the obtained CeO2/g-C3N4 composite materials were put
into 10 mL deionized water, then 10 mL of silver nitrate solution was added into the mixed solution and
continued to stir for 30 min. Afterward, 10 mL of
sodium hydrogen phosphate was added into above
mixed solution and continued to stir for 30 min. After that, the mixture was put into the 50 mL Teflon
reaction vessel and kept 160  in drying oven for 6
h. After the natural cooling, the collected samples
were washed by the deionized water and ethanol
three times separately, and then the collected samples were dried at 60  for 12 h. Different ratios of
Ag3PO4/CeO2/g-C3N4 were prepared. Similar, the
preparations of Ag3PO4/g-C3N4 and Ag3PO4/CeO2
were obtained by changing CeO2/g-C3N4 into g-

5.>.0@2>6F.@6;: X-ray diffraction (XRD)
was carried out by the D8 X-ray diffractometer
(Bruker-axs company, German) with the radiation
source Cu Ka. Ray wavelength set as λ=0.154056
nm, diffraction angle 2θ included 5°-80° and scanning speed was 0.04°/0.4s. Scanning electron microscope (SEM) was used to test the physical appearance via JSM-7001f scanning electron microscope
with energy dispersive X-ray analysis (HITACHI
company, Japan). The surface groups of samples can
be investigated through Fourier transform infrared
spectrometry (FT-IR) with Nicolet 4700 (American
thermo company). The diffuse reflectance spectra
(UV-2450, Shimazu, Japan) were mainly used to
study the light absorption of photocatalysts.

$5;@;0.@.8E@60.0@6B6@E2D<2>692:@The photocatalytic performances of as-obtained photocatalysts were evaluated by degradation of tetracycline
(TC) under the radiation of a 300 W Xe lamp. The
0.05 g photocatalyst was put into the reaction bottle
containing 100 mL tetracycline solution with stirring
for 30 min under dark, the solid-liquid adsorption
equilibrium was reached between photocatalyst and
antibiotics, turn on the light, and 4 mL solution sampling was taken at 10 min intervals. The samples
were put in high-speed centrifuge separation for 15
min, and the supernatant fluid was tested on the UVvis spectrophotometer. According to Lambert's law,
the corresponding degradation rate was calculated
via the formula (1):
Degradation rate =

t - 0
t -C0
0 *l00= 0 ×100 (1)

Where C0 is the initial concentration of TC and
Ci is the concentration of TC degradation of t time,
A0 denotes the initial absorbency and Ai is absorbency of t time.


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

,& The XRD patterns of g-C3N4, Ag3PO4,
CeO2, Ag3PO4/g-C3N4, and Ag3PO4/CeO2/g-C3N4
(Ag3PO4:CeO2=1:1, the total weigh is 0.5 g) were
shown in Figure 1. It can be clearly found that diffraction peaks of 2θ=27.5°and 13.2° belong to the
single g-C3N4 which corresponds to (002) and (100)
crystal planes [38], and the characteristic peak between layers of aromatic substance located in Figure
1 (e). The peaks of 20.8°, 29.69°, 33.29°, 36.59°,
42.48°, 47.79°, 52.69° and 55.02° are corresponding
to (110), (200), (210), (211), (310), (222), (320) and
(321) planes of Ag3PO4 in Figure 1 (c), respectively
[39]. From Figure 1 (d), it can be found that the
peaks of 2θ = 47.5°and 56.3° can be identified by
CeO2 which corresponds to (220) and (311),
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respectively [40]. These results could confirm that
the Ag3PO4/CeO2/g-C3N4 composite photocatalyst
has been successfully prepared.

peak isn’t found in the Figure 2(a), the reason may
be due to that the low content of CeO2 in the composite.

)*B6?&'The UV-vis DRS spectra of the
pure CeO2, g-C3N4, Ag3PO4 and Ag3PO4/CeO2/gC3N4 were recorded from 200 to 800 nm and shown
in Figure 3. It can be found that the absorption band
of the monomer g-C3N4 and Ag3PO4 is located at 600
nm and 530 nm, respectively [43]. The composite
which possessed Ag3PO4:CeO2=1:1 and total 0.75 g
showed maximum absorbance in all photocatalyst,
indicating the strongest ability to absorb light and

(&FT-IR spectra of Ag3PO4/CeO2/g-C3N4
(Ag3PO4:CeO2=10:1, the total weigh is 0.5 g),
Ag3PO4 and CeO2 were shown in Figure 2. From Figure 2 (b), it is found the characteristic peaks of
Ag3PO4 located in the 3200 cm-1 and 1022 cm-1,
which caused -OH and P-O stretching vibration[41].
The absorption peak appears in the 1022 cm-1 because of P-O vibration (Figure 2(c)). There is a absorption peak in the range of 550-800 cm-1, it is
caused by Ce-O vibration [42]. But this absorption
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maybe cause the higher photocatalytic activity than
that of other photocatalysts.

obtained photocatalyst. Figure 4(c) shows the SEM
image of composite Ag3PO4/CeO2/g-C3N4 with
nano-particles and lamellar structure, and clusters of
Ag3PO4 decreased, the reason maybe due to the interaction among Ag3PO4, CeO2 and g-C3N4. The dispersibility of g-C3N4 increases the specific surface of
composite photocatayst which could play a key role
in enhancing photocatalytic performance. EDS spectrum of Ag3PO4/CeO2/g-C3N4 show in Figure 4(d), It
can be clearly seen that the composite is consist of C,
N, P, Ag, Ce and O elements. The results indicate
that composite Ag3PO4/CeO2/g-C3N4 is successfully
prepared.

'!.:1'The surface morphologies and
components of as-prepared materials were investigated by SEM and EDS. The results of single
Ag3PO4 and Ag3PO4/CeO2/g-C3N4 (Ag3PO4:CeO2=
1:1, the total weight of Ag3PO4 and CeO2 is 0.75g)
are shown in the Figure 4(a and c) and Figure 4(b
and d). From Figure 4(a), it can be seen that the morphology of Ag3PO4 shows nano-spherical particles
with 50 nm-180 nm in the size and clusters are
formed in certain regions [44]. From Figure 4(b), it
can be clearly found C, Ag, P and O elements in the
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$5;@;0.@.8E@60 124>.1.@6;: 2D<2>692:@?
(5223320@;:124>.1.@6;:;3@2@>.0E086:2C6@5163
32>2:@ <5;@;0.@.8E?@? In order to investigate the
performance of as-obtained photocatalyst on degrading antibiotic wastewater, tetracycline was chose to
the target of simulate antibiotic wastewater. The
photocatalytic activities of single g-C3N4, CeO2,
Ag3PO4 and composite Ag3PO4/CeO2/g-C3N4
(weight rates of Ag3PO4:CeO2=1:10, 1:5, 1:2, 1:1,
1:2, 1:5, 1:10, respectively, the total weight between
Ag3PO4 and CeO2 is 0.75g) were investigated to degrade the 100 mL TC solution with concentration of
20 mg/L. The results shown in Figure 5, clearly, the
photocatalytic degradation rate of TC with Ag3PO4
is higher than that of CeO2 and g-C3N4. However, the
composite photocatalysts show excellent photocatalytic activity on degradation of TC. Especially the
composite photocatalyst with weight rate of 1:1

(Ag3PO4:CeO2) shows the optimal performance in
all as-prepared photocatalysts which the photocatalytic degradation rate of TC could reach 73%, it may
be due to the ratio of three single materials attains
the best match, it can be useful to transfer the photoelectrons and enhance the separation rate of electrons and holes, which is better for the photocatalytic
processes.

E08212D<2>692:@?Stability is one of the important performance of photocatalyst. In this experiment, stability of optimizing composite photocatalyst of Ag3PO4/CeO2/g-C3N4 was investigated
through four cycled experiments. The result shown
in Figure 6, it can be clearly seen that the degradation
rate shows downswing along with increasing the
degradation time, and the degradation rate reduces
about 18 % after 4 cycled times.
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$5;@;0.@.8E@60 124>.1.@6;: 76:2@60? To
study the kinetics behavior of photocatalytic degradation TC with Ag3PO4/CeO2/g-C3N4 photocatalyst,
the kinetics equation Langmuir-Hinshelwood of
photodegradation TC was analyzed. The reaction efficiency was calculated by the following formula (2):

-

dCt
 
=   
dt
1 +  0

1
=  + 


From the corresponding correlation coefficients, the linear regression coefficient of quasi-first
dynamic is lower than that of the quasi-second dynamic (<), indicating the photodegradation
processes of TC with Ag3PO4/g-C3N4/CeO2 is more
suitable to the quasi-second dynamics equations.

0@6B2 ?<2062? @>.<<6:4 In order to confirm
the roles of active species, the different trapping reagents were used to add into the photocatalytic degradation processes. In this work, isopropanol (IPA),
benzoquinone (BQ) and triethanolamine (TEOA)
were applied to detect the active species of •OH, O2•−
and h+, respectively. As followed in Figure 8, when
the trapping reagents of BQ and TEOA were added
in the photocatalytic processes, the photocatalytic
activities were greatly suppressed the photocatalytic
degradation rates obviously decrease, indicating that
O2•− and h+ play key roles. Compared to no addition
of trapping reagent, the photocatalytic degradation
rate of TC a little decreases when IPA was added in
the photocatalytic degradation processes indicating
that the •OH shows less effect to the photocatalytic
activity. According to the trapping results, we can
conclude that h+ and O2•− are major active species in
photocatalytic degradation of TC via using
Ag3PO4/g-C3N4/CeO2 photocatalyst [46, 47].

5.>42?@>.:?32>Figure 9 shows the transfer
pathways of photo-electrons and degradation mechanism of TC with Ag3PO4/CeO2/g-C3N4 photocatalyst under visible light irradiation. The composite
photocatalyst contains three components of Ag3PO4,

(2)

and  express Langmuir Hinshelwood adsorption constant (L·mg-1) and reaction-rate constant (mg·L-1·min-1) in the formula, respectively. 
and  represent the concentrations of TC at reaction
time and initial time. If the initial concentration of
the reaction solution is small enough. The formula
(2) could become the quasi-first-order kinetic equation (3):

 (


) =  '
0

(3)

 represents the quasi-first order kinetic constant (min-1). Figure 7 (a) shows the linear relationship between ln(Ct/C0) and , and the corresponding
correlation coefficient () is 0.90588.
According to the formula (3), the quasi-second
order kinetics of photodegradation TC can be expressed by formula (4) and (5) [45]. Linear relation1
ship between  and is shown in Figure 7(b), and
the corresponding correlation coefficient () is
0.97699.

r=−

d
=  2


(5)

(4)
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CeO2 and g-C3N4 which possessed different work
functions i.e. 1.9 eV [30], 3.2 eV [48] and 2.7 eV [7],
respectively. The photocatalytic activities of pure gC3N4 and CeO2 are relatively low because of the
rapid recombination of photogenerated electrons and
holes [49]. The photocatalytic degradation rate of TC
with Ag3PO4/CeO2/g-C3N4 has been greatly enhanced, which mainly attributed to the effective electrons transfer between CeO2 and g-C3N4, and the adsorption light and plasma effect of Ag3PO4. Firstly,
the g-C3N4/CeO2 nanosheet with large surface area
provide lots of active sites and may promote the separation rate of photogenerated charge carriers from
g-C3N4 under visible light irradiation. Secondly, the
reasonable conducted band position and plasma effect of Ag3PO4 could further enhance the effective
separation rate of photogenerated electrons and
holes [50]. Last, the transfer electrons could further
form the active species which could effectively degrade TC to CO2 and H2O.

In this work, Ag3PO4/CeO2/g-C3N4 composite
photocatalyst was prepared by calcination and hydrothermal method. Compared with pure Ag3PO4
and CeO2 particles, the photocatalytic activity of
Ag3PO4/CeO2/g-C3N4 was significantly enhanced
under visible light irradiation, which may be assigned to the higher separation rate of photogenerated electrons and holes in composite photocatalyst.
The
hydrothermal
synthesis
method
of
Ag3PO4/CeO2/g-C3N4 is better for the dispersion of
the Ag3PO4 particles onto the surface of CeO2/gC3N4. The higher dispersion of could form more active sites on the surface of composite photocatalyst,
which could improve the photocatalytic activity of
Ag3PO4/CeO2/g-C3N4.
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harmful to human health and pose serious environmental pollution when they enter groundwater [3].
TMs are considered as severe pollutants due to their
toxicities, persistence, and bioaccumulative nature
[4]. Some TMs, such as copper (Cu) and zinc (Zn),
are essential for normal body growth, while others,
such as cadmium (Cd), chromium (Cr), and lead
(Pb), are deemed toxic to human health [5, 6]. In addition, naturally radioactive uranium (U) is a genotoxic carcinogen and can cause cell mutations [7].
Thus, it is important to assess the health risks of TMs
in the groundwater surrounding uranium tailings
ponds.
The health risk assessments is an efficient
method for quantitatively evaluating the relationship
between the environment and human health in terms
of hazard degree [8]. Recently, Muhammad et al. [9]
reported health risk assessments of heavy metals in
drinking water, suggesting that there were no human
health risks in the Kohistan region. Meanwhile,
Cherfi et al. [10] demonstrated that irrigation with
treated water can reduce the estimated daily intake
and the target hazard quotient for Cu, Zn, Pb, and Cr
by more than 85%. Unfortunately, although numerous studies have been conducted on the pollution and
health risks of TMs in drinking water, soils, or sediments [11], there is far less research on the health
risks of TMs in groundwater, especially in groundwater surrounding uranium tailings ponds.
We have done some work on investigating the
pollution of radionuclides (such as 238U and 226Ra) in
shallow tailings, discharge water, surface water,
paddy soil in the study area and found different levels of contamination [12-14]. We also studied the
concentration of heavy metal (such as Cd, Cu and
Pb) in soil and sediments of surface water in this
area, the result was that the contamination level
ranged from medium to strong [15, 16]. Although the
discharged water can run into the groundwater by infiltration, there have little studies conducted on the
groundwater pollution by heavy metals and their
health risks to the residents living in the downstream

In this study, the groundwater around a uranium tailings ponds was evaluated by the USEPA
risk assessments model to determine the contents of
toxic metals (i.e., Cd, Cr, Cu, Pb, and U), their forms
of existence, and their health risks. Batch tests
showed that the concentrations of cadmium (Cd),
chromium (Cr), copper (Cu), and lead (Pb) are relatively low (below the corresponding levels specified
in the Chinese groundwater quality standard [GB/T
14848-2017] for Grade and drinking water standards from USEPA). According to our analysis using
PHREEQC (v. 2.18), the main existing forms of Cd,
Cr, Cu, Pb, and U are Cd2+, CdCl+, CdNO2+, HCrO4, CrO42-, Cu2+, CuCO3, CuOH+, Pb2+, PbCO3 and
(UO2)2CO3(OH)3-, UO2(OH)2, and UO2CO3. Health
risk assessments yield an average value of 2.98E-05
for the total risk, lower than the maximum acceptable level recommended by the International Commission on Radiological Protection. The average
value of radionuclide carcinogen (U) is 1.64 E-05
Sv/a, an order of magnitude lower than the standard
value (5.0 E-04 Sv/a). The health risks of the chemical non-carcinogens (Cu and Pb) are lower than
those of the chemical carcinogens (Cd and Cr). The
health risk posed by the toxic metals is in the order
Cr > Cd > Cu > Pb. Accordingly, U, Cr, and Cd are
labeled as the primary pollutants for the study area.

+)"$%
Uranium mining, groundwater, toxic metals (TMs), health
risk assessments
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Mining toxic metals (TMs) as resources generates large quantities of tailings, and the tailings reservoirs are becoming disaster-prone areas [1, 2].
Most TMs are non–degradable pollutants, and can be
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Cretaceous Ehuling Formation are seen in this area.
The study area has a subtropical hot–humid climate. The type of groundwater is mainly bedrock fissure water which is recharged from precipitation and
discharged to surface rivers.

of the tailings ponds.
In this work, the groundwater around a uranium
tailings ponds was studied to analyze the pollution of
TMs (Cd, Cr, Cu, Pb, and U) based on the Chinese
groundwater quality standard (GB/T 14848-2017)
for Grade III, drinking water standards of USEPA,
drinking water guidelines of WHO, and the regulations for radiation and environmental protection in
uranium mining and milling (GB 23727-2009). We
further studied the existing forms of TMs in the
groundwater using the PHREEQC software, to distinguish the toxicities of TMs. Finally, assessments
of the health risks of the TMs in the groundwater
were carried out using the USEPA health risk assessments model. The assessments help to control TMs
pollution in groundwater, and to promote sustainable
development of mineral resources.

%-9<85:3  According to media reports, there
were few elderly people alive in the surrounding villages of this study area, and no one qualified for the
physical examination of conscripts in the downstream villages for years. Therefore, based on the research purpose of human health risk and combined
with the results of previous research on surface water
and soil pollution, six sampling points were chosen
in the suspected pollution areas and densely populated areas, the water samples were collected from
wells and stored in low density polyethylene bottles
(Fig. 1). The samples were filtered through filter paper with a pore diameter of 0.45 μm and then acidified to a pH value of 2.0 with 65% HNO3. The TMs
(U, Cr, Cd, Cu, and Pb) in the water samples were
analyzed using inductively coupled plasma optical
emission spectrometry (ICP-OES). The geochemical
modeling software PHREEQC (v. 2.18) was used to
predict the existing forms of TMs in the groundwater. Table 1 lists the simulation parameters.

&"""+
%?@0D-=1- The uranium tailings ponds is located in Jiangxi Province, China (Fig. 1). It has been
in existence for more than forty years and lots of tailings are stored in it. The tailings ponds is surrounded
by mountains with relative elevations of about 150
m. Outcrops of the porphyroclastic lava of the Lower
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$5>7>>1>>91:?> TMs in groundwater enter
into human bodies through two pathways: oral and
inhalation routes. The oral intake is prominent in the
study area when compared to the inhalation intake
[17]. The chronic daily intake (CDI) through water
ingestion can be calculated using the following equation:
(1)
 =  ⋅  / 

E-03 mg/kg·d for Pb and Cu, respectively [18]. The
number 70 is the average life expectancy of the local
people.
The carcinogenic risks (RI) can be calculated
from the following equation:
(3)
 = (  ⋅  ) / 70
where,  is the slope factors of carcinogens
(μg/kg/day), with values of 5 E02 μg/kg/day and 6.1
E03 μg/kg/day for Cr and Cd, respectively [19, 20].
The carcinogenic risk of a radionuclide (AI)
can be calculated by the following equation:
(4)
 = 1.25 ×10−2 ⋅  ⋅  ⋅  

where,   , and  represent the average
daily intake rate (2 L/day), concentrations of TMs in
the groundwater (mg/L), and body weight (67.7 Kg
for an average local adult), respectively.
According to the type of chemicals, risk assessments can be divided into non-carcinogenic risks of
chemical non-carcinogens and carcinogenic risks
posed by chemical carcinogens. The non-carcinogenic risks (HI) can be calculated by the following
equation:
 = ⎡⎣ /  ⋅ 70 ⎤⎦ ⋅10−6 (2)
where,   are the oral reference doses
(mg/kg·d), with values of 1.4 E-03 mg/kg·d and 5.0

(

where, C and gg represent the concentration of
U (Bq/L) and the intake dose conversion factor
(Sv/Bq), respectively, with the value of gg at 7.3 E06 Sv/Bq (GB 23727-2009). AI values >5.04 E-04
Sv/a indicate that there is a possible non-carcinogenic risks, while AI values <5.04 E-04 Sv/a suggest
that such risks are negligible (GB 23727-2009).

)
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polluted by U. This is probably due to the waste residues, waste liquids, and waste gases in the uranium
tailings ponds [21].

C5>?5:3 2;=9> ;2& >5:?41 3=;@:0B-?1= 
The geochemical modeling software PHREEQC (v.
2.18) was used to predict the existing forms of TMs
(Cd, Cr, Cu, Pb) in the groundwater. Table 1 lists the
simulation parameters.
Table 2 summarizes the existing forms of TMs
and their contents. The main existing forms of Cd are
Cd2+, CdCl+, and CdNO2+, whereas the other existing
forms (CdHCO3+, CdCl2, and CdOH+) are rare. The
main existing forms of Cr are HCrO4- and CrO42-.
The existing forms of Cu are Cu2+, CuCO3, CuOH+,
CuSO4, CuNO2+, and CuF+. The Cu in the groundwater is divalent. The existing forms of Pb are Pb2+,
PbCO3, PbOH+, PbNO3+, PbCl+, and Pb2+. The Pb in
the groundwater is divalent. The main existing forms
of U are (UO2)2CO3(OH)3-, UO2(OH)2, UO2CO3,
UO2F+, UO2(CO3)22-, and UO2OH+. The U in the
groundwater is hexavalent.
The simulation results indicate that cadmium
exists in a divalent state in the groundwater and that
chromium exists in a hexavalent state. Fargasova
[22] reported that compared to Cu+, the toxicity of
Cu2+ is stronger. Long et al. [23] indicated that Pb
can compete with Zn2+ and Ca2+ in the solution, and
release its toxicity.
Hexavalent chromium is poisonous if swallowed but extremely toxic if inhaled, and a skin contact may lead to an allergic reaction, swallowing
hexavalent chromium is more likely to cause inherited gene defects, while inhalation may cause cancer.
But for chromium, the trivalent and tetravalent states
are non-toxic [24]. Also, the Uranium is of high toxicity and U6+ is very active [25]. Thus, the TMs in
the study area are in the valence states of toxicity and
therefore are harmful to people’s health.

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

& >/;:?1:?5:3=;@:0B-?1= The TMs of the
groundwater are assessed against the Grade 
groundwater quality standard of China (GB/T
14848-2017), drinking water standards of USEPA,
guidelines for drinking water of WHO, and the regulations for radiation and environmental protection
in uranium mining and milling (GB 23727-2009).
Figure 2 illustrates the contents of TMs (Cd, Cr, Cu,
Pb, and U) in the groundwater, the concentrations of
heavy metals in the study area can both meet the requirements of the Grade  groundwater quality
standard of china(GB/T 14848-2017) and the drinking water standards of USEPA, but the concentrations of Cd in G-4(0.0036 mg/L) and G-6(0.0035
mg/L) are a little higher than the guidelines for drinking water of WHO(the guideline of Cd is 0.003
mg/L), probably because they were collected along a
river downstream of the uranium tailings ponds and
there were migrations of the metal pollutants from
the ponds resulting in their enrichments of Cd. G-1
of the study area is located very closely to uranium
ponds than any other points but its concentration is
lower than other sampling points, this is because of
that, the G-1 point is located in the upstream area of
the groundwater, so it is less affected by the tailings
ponds and only affected by the diffusion and dispersion of groundwater.
Obviously, the contents of U (Fig. 2d) in all of
the samples are far exceed the recommended standard value of the regulations for radiation and environment protection in uranium mining and milling
(GB 23727-2009), drinking water standards of
USEPA and guidelines for drinking water of WHO,
with some values about 11 times higher than the recommended value. Therefore, the study area has been
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@9-: 41-8?4 =5>7 ->>1>>91:?> ;2 & > 5:
?413=;@:0B-?1= Undoubtedly, TMs (Cd, Cr, Cu,
Pb and U) can lead to serious depletions of some critical nutrients in certain organs, which in turn can
cause increased occurrence of upper gastrointestinal
cancer [26]. Our study shows that the metals exist in
the valence states of toxicity. The health risks of
TMs in the groundwater have been assessed and the
results are shown in Table 3.
Table 3 and Figures 3-4 summarize the HI, RI,
and AI indices of groundwater in the study area.
From Table 3 and Figure 3, the health risks of chemical non-carcinogens (Cu and Pb) are lower than
those of chemical carcinogens (Cd and Cr). With
concentrations of Cu > Pb and Cr > Cd in the study
area, the heavy metal pollution control for the
groundwater in this area should be prioritized in the
order of Cr > Cd > Cu > Pb. Table 3 and Figure 4
show that the average of the radionuclide carcinogen
(U) is 1.64 E-05 Sv/a, which is about an order of
magnitude lower than the standard value (5.0 E-04
Sv/a).
The maximum acceptable level is 5.05E-05 as
recommended by the International Commission on
Radiological Protection (ICRP) [27], which means
that for every 106 persons, the number of persons at
a risk of health hazard or even death by all kinds of
pollutants in drinking water should not exceed 50 per
year. Our study shows that the average of the total
risks is 2.98E-05 (Table 3 and Fig. 3), lower than the
recommended maximum acceptable level. The maximum of the total risks is 5.24E-05 (sample G-4),
higher than the maximum acceptable level (Table 3
and Fig. 3). Thus, the sampling site of G-4 (Fig. 1)
has been affected by metal pollutants. The total risks
of all samples, except G-4, are lower than the maximum acceptable level recommended by the ICRP.

level recommended by the ICRP (5.05E-05). In addition, the average level of radionuclide carcinogen
(U) is 1.64 E-05 Sv/a, about an order of magnitude
lower than the standard value (5.0 E-04 Sv/a). The
health risks of chemical non-carcinogens (Cu and
Pb) are lower than those of chemical carcinogens
(Cd and Cr). The average risks are ranked in the order of Cr > Cd > Cu > Pb. Therefore, we conclude
that the groundwater in the study area does not pose
significant health risks to people. However, the presence of multiple TMs may be toxic to human health,
and the groundwater without treatment should not be
used for drinking.
!") !&%
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Given the serious threats of zinc ion in environments, it is of great significance to develop efficient
method to remove zinc from aquatic environment
[4]. Several methods have been conducted to remove
Zn(II) from wastewater have been reported, including chemical precipitation [5], ion exchange [6, 7],
membrane separation [8] and adsorption [9, 10].
Among them, adsorption is an easy, economic and
promising method for wastewater purification due to
its high selectivity, simplicity of design and separation of various pollutant. However, adsorbent is the
vital factor determining the adsorption performance,
so the development of efficient and cost-effective
adsorbent is of great significance.
Montmorillonite nanoparticles are considered
to be one of the most promising adsorbent for the removal of aqueous trace heavy metals such as Hg, Zn,
Cr, Pb from drinking water as well as wastewater
[11]. The montmorillonite particles possess large
surface area and adsorption capacity in nano scale.
However, nano-montmorillonite are prone to aggregate in aqueous solution, and the particles diameter
approximately increased to more than 100 nm after
aggregation, which further lowers the heavy metals
adsorption capacity. To deal with this obstacle and
keep the adsorption potential, many organic framework materials such as resin [12], chitosan [13], silica gel [14] have been developed as the supporter for
nano-montmorillonite particles recently. However,
to our best knowledge, the adsorption of Zn by nhydroxymethyl acrylamide supported with nanomontmorillonite has rarely been reported.
In the current study, we investigated the adsorption behavior of Zn(II) on composite adsorbent,
which was prepared by loading montmorillonite in
acylamino hydrogel (HAM-ML). The adsorption
equilibrium, kinetics and the effects of solution pH,
coexisting cations on the adsorption process were
studied in detail, and the mechanism of adsorption
was further discussed. The results provide the effective and feasible solutions for zinc removal from
aqueous solution and benefit the comprehensive understanding of adsorption mechanism of HAM-ML.
The negative ecological effects of heavy metals
have been a global concern due to the accumulation
through food chain and persistent in nature, so it is
essential to understand the removal mechanism and

In the current study, the removal performance
of Zn (II) from aqueous solution by raw and modified n-hydroxymethyl acrylamide polymer (HAM)
was investigated. The high performance adsorbent
(HAM-ML) containing montmorillonite was prepared by the monomer polymer, the novel composite
adsorbent has an excellent adsorption for Zn(II) removal. After being characterized by SEM, BET and
FTIR analysis, the hydrogel adsorbent had a typical
three-dimensional network structure and montmorillonite particles were dispersed into the channel and
pores structure. Adsorption experiment suggested
that HAM-ML showed more excellent potential for
Zn(II) removal than HAM did, and the maximum
Zn2+ adsorption capacity was 131.2 mg/g. The Zn(II)
adsorption on HAM-ML could be well fitted by
Langmuir isotherm model. Pseudo-second-order
equation was able to properly describe the adsorption kinetics, and the adsorption equilibrium can be
reached in the first 120 min. Alkaline pH was in favor of the adsorption process, and the optimum pH
of adsorption was determined to be 8.0. In addition,
0.7 mol/L of HCl was proven to be the effective regeneration agent, which could reach the desorption
efficiency of 94%. The results suggest that this material can be a promising adsorbent for Zn2+ removal
in several industrial processes.
*( #$
Adsorption, zinc, montmorillonite, composite adsorbent
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Heavy metal can be released into surface and
underground waters due to the industrial activities
such as mining and alloy manufacturing, and the resulting heavy metal pollution is of great concern for
the widespread in environments and potential negative effects to plants, animals and human beings [1].
Zinc is one of the main pollutants in acid mining
drainages, which would show acute toxicity to
aquatic microbe and environmental processes [2, 3].
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tors on the adsorption performance were investigated, including different initial Zn(II) concentration
(5-60 mg L-1), contact time (0.5-8h ), initial pH (2.58.0) and ionic strength (0.01-0.2M). Then, the effect
of contact time on Zn(II) uptake was studied for 30
mgL-1 of initial Zn(II). The samples were collected
at specific time intervals for residual Zn(II) analysis. 
The equilibrium adsorption amounts of Zn(II)
were calculated by the following formula:

kinetics of heavy metal from environment. In the
current study, a promising composite adsorbent was
prepared and the adsorption profiles in different conditions were investigated. This study will help to design the effective composite reactive barrier in contaminant leaching and also in the field of cost-effective water filter design. Equilibrium adsorption isotherms or capacity studies are of fundamental importance in the design of adsorption system for heave
metal wastewater treatment. Overall, the results of
this study is of great significance for the pollution
controlling of heavy metal.

qe =

( 0 −   )


(1)
where qe (mmol/g) is the amount of Zn(II) adsorbed
per unit amount of adsorbents at equilibrium; C0
(mmol/L) and Ce (mmol/L) are the initial and equilibrium concentration of Zn(II), respectively; V(L) is
the volume of aqueous solution, and m(g) is the
weight of adsorbents.

%#$% $

,?0=4,7>All reagents used in the experiment
were analytical reagent grade and used without further purification. N-hydroxymethyl acrylamide
(HA) was purchased form Sigma-Aldrich Co., and
ZnCl2 was used to prepare the aqueous solution.

+9 /0>:=;?4:9 Desorption experiments
were carried out using HCl solution with different
concentration (0.01 to 1.00 mol L-1). The adsorbent
was firstly reacted with 30 mg·L-1 Zn (II) at pH 5.5
(±0.2). Subsequently, the mixture was centrifuged
and the supernatants was discarded, then the residual
solid was washed with Milli-Q water and repeated
the centrifugation process above several times to remove residual metal ion. The acid solution was
added into the absorbent loaded with Zn (II) to initiate desorption process. These desorption experiments were performed under the conditions of adsorbent dosage 0.02g, desorption reagent 10mL and desorption time 30 min. The suspensions were shaken
for 30 min and then centrifuged for three times, and
the concentration of Zn (II) in supernatants were
tested. The desorption efficiency was calculated by
the following equation:

!=0;,=,?4:9 ,9/ .3,=,.?0=4D,?4:9 :1 ,/>:=
-09?> 4.57g of n-hydroxymethyl acrylamide and
100 mL of Milli-Q water were mixed in the amber
laboratory bottle. The mixture was deaerated by
purging with nitrogen gas, then placed at insulation
barrel at -78°C using dry ice and alcohol to keep the
temperature. The mixture was irradiated to 20 KGy
by γ-ray for 24h. The obtained acylamino hydrogel
product was washed with Milli-Q and dried at 50 °C
in the vacuum drying oven, and cut into cubes for
use. After that, montmorillonite particles with a particle size of about 100 microns were added, then oscillated at 150 r/min, 30±2 °C for 12h in orbital
shaker. Finally, the product (HAM-ML) was washed
with Milli-Q water until the effluent did not present
pink color, dried at 50°C
The morphology of HAM and HAM-ML was
determined by scanning electron microscopy (SEM)
technology using a JEOL 7600F, and the Fourier
Transform infrared spectroscopy (FTIR) measurement was performed on Nicolet 5700. The BrunauerEmmett-Teller (BET) method was used to obtain the
specific surface areas (SSA) of HAM and HAM-ML,
which was measured by adsorption/desorption of N2
using a Micromeritics Flowsorb 2300 analyzer [15].

R=

  ×
 0 0

(2)
where R(%) is the desorption rate of Zn(II); C0
(mmol/L) and Cf (mmol/L) are the initial and desorption concentration of Zn(II), respectively; V0 (L) and
Vf (L) are the initial and desorption volume of Zn(II),
respectively.
/>:=;?4:980.3,94>8The hydrogel formed
by the polymerization of hydroxyl group of acrylamide and the montmorillonite particles were dispersed in the polymer. It is a new kind of composite
polymer emulsion with excellent properties. The adsorption properties of the hydrogel have both inorganic and organic. The inorganic colloid is mainly
carried out in two ways. Zn2+ in the water can be directly adsorbed by ion exchange with the hydroxyl
group in the colloid, Zn2+ also can be hydrolyzed beforehand, and then capture the OH in the surface of
colloidal polymer to form hydroxyl complex. The
adsorption process is as follows:

,?.3,/>:=;?4:9?0>?Zn(II) batch adsorption
experiments were performed in 250 mL glass conical
flasks containing 100 mL aqueous solution. The solution pH was adjusted with HNO3 and NaOH to 5.5
± 0.2. After the addition of adsorbents, the flasks
were kept for shaking at 160 ± 5 rpm in an orbital
shaker at 30 ± 2°C for certain periods. Suspensions
were centrifuged afterwards at 4000 rpm for 5 min,
and the concentrations of Zn(II) in supernatants were
determined by XGY-1011A atomic fluorescence
spectrometer. In addition, the effects of various fac-
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 2+ +  2  = ( ) 

( 2− )+

that HAM-ML was successfully formed by this process. In addition, the shape of the colloid which is
not doped with montmorillonite particles is round or
oval, which belongs to the micron particle size range.
Thus, the modification of montmorillonite changed
the form and decreased size of HAM. Generally, the
change of morphology suggested the formation of
materials with new properties [16], and the detail information of structural change was necessary to
probe further. For further determining the size of
HAM-ML, the BET analysis was performed and the
result was shown in Figure 2. The particle size of the
adsorbent is more than 100 nm, and the montmorillonite particles are dispersed in the three-dimensional lattice space. The data of BET showed that the
specific area of HAM-ML was 33% more than
HAM, so HAM-ML had the loose structure with
higher specific surface area, which might suggest
better adsorption performance.
The functionalization of montmorillonite
would change the structure of HAM, so FTIR spectra
was further used to analyze the presence of main adsorption functional groups on HAM-ML. The FTIR
spectra of the samples are presented in Fig. 3. The
broad band between 3000 and 3600 cm-1 is related to
the -OH stretching vibration of adsorbed water molecules, and the adsorption intensities of HAM and
HAM-ML were similar, and no new adsorption peak
was observed, indicating that the material structure
did not change after montmorillonite combination.
The band at 1662 cm-1 was attributed to the stretching vibration of C=O and C-N groups. The band at
1407 cm-1 was assigned to the stretching vibration of
C=O and deformation vibration of OH, and the band
at 1407 cm-1 moved for 22 cm-1 toward infrared region after montmorillonite combination. The band at
1013 cm-1 was attributed to the stretching vibration
of -OH. In the vicinity of 1462 cm-1, a pair of scissors
peak is the same as the result of the hydration of
montmorillonite particles dispersed in the colloidal
space, the original hydroxyl functional groups
change the distance between the molecules, and the
resulting stress changes. It was due to hydrous montmorillonite binding with –OH group.

+  + →

≡  + ( ) ( 2−  ) + =
(1−  ) +

≡ ( )  +1
(3)
Another way is that Zn2+ has a role of coordination and compound in adsorption process. As the
following representation:

≡  +  2+ → (≡ ) 2 →  + 2  +
(4)

≡ is on behalf of the particle surface, A represent the montmorillonite dispersed in the hydrogel.
In terms of organic colloid, the groups (-OH,
C=O, NH2) in the polymer can be protonated under
certain conditions, so it can exchange adsorption
with heavy metals. In the case of hydroxyl group of
acrylamide monomer, the reaction is as follows:







 



   

      


(5)
$?,?4>?4.,7 ,9,7C>4> All samples were run in
triplicate, and the results were shown as mean ±
standard deviation. An analysis of variance
(ANOVA) was applied to test the significance of results and  < 0.05 was considered to be statistically
significant.


#$&%$$&$$ 
3,=,.?0=4D,?4:9 :1 ?30 ,/>:=-09?> The
SEM images of HAM and HAM-ML samples are
shown in Fig. 1. As can be clearly seen from Fig. 1a,
HAM has a typical three-dimensional network structure. However, after the addition of montmorillonite
particles, the composite materials HAM-ML had a
drastic change in morphology compared to the
HAM. For HAM-ML, the montmorillonite particles
were dispersed into the channel and pores of HAM,
and the differences in adsorbent structures indicated


&# 
$48,20>:1,,9/-
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&# 
<@474-=4@84>:?30=8>1:=+9,/>:=;?4:9:9?30
(pH 5.5±0.2, 30±2°C; sorbent dose 2 g L-1, the error bars represent standard deviation).


/>:=;?4:9 4>:?30=8 :1  ,9/ 
To evaluate the adsorption capacity of HAMML for Zn(II), the equilibrium adsorption isotherms
were investigated in the current study. The Langmuir
Isotherm Models were used to analyze the isotherm
constants and predict the maximum Zn(II) adsorption capacity. These models assume monolayer adsorption onto a homogeneous surface with a finite
number of identical sites. The Langmuir isotherm
can be written as [17, 18]:

e =

by Langmuir isotherm models. According to the results, HAM-ML had higher adsorption capacity for
Zn(II) than HAM. Fitting determination coefficient(R2) for both HAM-ML and HAM are larger
than 0.97, indicating that the Langmuir isotherm
models are suitable for describing the adsorption behavior of Zn(II) on HAM-ML and HAM. The fitting
Qmax value of HAM and HAM-ML were 0.109
mmol/g and 0.654 mmol/g (131.2 mg/g), respectively.
The estimated qm value was compared with that
of some other reported adsorbents. Due to the high
sorption capacity, HAM-ML was shown to be an efficient adsorbent for Zn(II) removal from water, despite the efficiency comparison with other adsorbents is somewhat difficult for difference of the used
experimental conditions. However, it is obvious that
HAM-ML is a better adsorbent for removal of Zn(II)
than many others expecting ferrite-reduced graphene

max    
1 +   

(6)
Qmax is the maximum adsorption capacity
(mmol.g-1), qe is the equilibrium adsorption amount
(mmol/g), Ce is the equilibrium adsorbate concentration (mmol/L), and Ka is the isotherm constant.
Fig. 4 depicts the adsorption isotherm of HAM
and HAM-ML, and equilibrium data were analyzed
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The eq.(7) can be expressed in linearized form
as:
lnqe=lnKt +mlnt
(8)
where qe (mmol/g) is the amount of Zn(II) adsorbed
onto HAM-ML, t is the contact time(min), and m and
kt are the constants.
The linearization plot of lnqe versus lnt can reveal the rate limiting step of Zn(II) adsorption process. For pore diffusion to be the rate limiting step,
the value of m should have been 0.5 [19]. A plot of
lnqe versus lnt (Fig. 5b) shows that the adsorption
kinetics can be divided into two linear phases: rapid
removal phase and relative steady phase. However,
in the first fast removal phase, the value of m was
0.306, which was lower than the 0.5, which implies
that pore diffusion is not the rate limiting step.
Therefore, in the process of Zn(II) adsorption onto
HAM-ML, the rate limiting step may be film diffusion.

oxide nano-composites and montmorillonite nanowhiskers.
/>:=;?4:9 6490?4.> The adsorption kinetics
were investigated at the conditions of pH 5.5±0.2,
30±2°C and sorbent dose 2 g/L. Fig. 5 illustrated
Zn(II) adsorption on HAM-ML at various contact
times in the solution with an initial Zn (II) concentration of 30 mg/L. It can be easily observed that the
adsorption capacity increased rapidly with the increase of contact time from 0 to 120 min, and then
the uptake is stabilized after the first 240 min of agitation time implying that the equilibrium has been
reached. After 240 min of adsorption, the Zn(I) adsorption amount on HAM-ML reached 0.48 mmol/g.
Prolonging the contact time could not improve
Zn(II) adsorption capacity significantly.
The adsorption kinetics equation can be expressed as
qe = k t t m
(7)


&# 
110.?:1.:9?,.??480,9/6490?4.>?@/C:1+9:9?:,,/>:=;?4:96490?4.,/5@>?0/-C
;>0@/:>0.:9/:=/0=8:/07-7490,=4D0/;7:?:1,/>:=;?4:96490?4.>
(initial Zn concentration 30 mg/L; pH 5.5±0.2; 30±2°C; sorbent dose 2 g/L)

&#
110.?:1;:9+9,/>:=;?4:9-C



(initial Zn concentration 30 mg/L; 30±2°C sorbent dose 2 g/L; the error bars represent standard deviation)
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110.?:1;The pH of the adsorbate solutions
is an important factor governing adsorption on adsorbents [16]. In the case of Zn(II) sorption behavior,
the pH is an important parameter because the variation of proton concentration can strongly modify the
chemical speciation of adsorbates as well as surface
charge of sorbents. Due to the Zn (II) adsorption by
adsorbents were highly pH-dependent, so the adsorption equilibrium experiments were carried out
with a range of pH from 2.5 to 8.0. Fig.6 demonstrates the amount of Zn(II) adsorbed under various
initial pH condition, which shows the increase in
Zn(II) adsorbed with rising pH from 2.5 to 8.0 and
reach a maximum at 8.0.
The variation of the adsorption capacities with
pH could be reasonably explained on the basis of the
surface charge of the adsorbent and the proton competition for binding sites. At low pH values, the
Zn(II) adsorption is inhibited possibly due to the
competition between Zn(II) ions and protons. Furthermore, the -OH groups of loaded montmorillonite
catch more positive charges at low pH values and the
electrostatic repulsions between adsorbates and
Zn(II) ions could suppress the adsorption process.
With the increase of solution pH, the competition of
protons and the electrical repulsion force becomes
weaker, thus the adsorption of metal ions increased.
Similar trends were also reported for the adsorption
of Zn(II) onto other adsorbents such as resin loaded

magnetic b-cyclodextrin bead [20], mercaptoethylamine [21], and magnetic CoFe2O4-reduced graphene oxide [22].

+9/0>:=;?4:9The desorption and regeneration property of adsorbent was studied to make
the sorption process more economical. HCl solution
with various concentration (0.05 mol L-1 to 1.00 mol
L-1) were used to desorb the adsorbed Zn (II) from
the HAM-ML. Fig.7. shows the effect of HCl concentration on Zn (II) desorption performance. A
higher desorption efficiency was obtained at higher
HCl concentration. It is observed that 0.7 mol/L
could desorb more than 94% adsorbed Zn (II). As
discussed before, under the acidic circumstance, the
surface of HAM-ML would be protonated and the
coordination between Zn(II) and surface -OH groups
would be suppressed. These results were consistent
with the research of the pH effect on the adsorption
capacity. The good reproducibility suggested that
HAM-ML is an economic and efficient adsorbent for
Zn(II) polluted water purification.
Overall, the prepared HAM-ML showed great
adsorption performance towards Zn(II), both in the
kinetics and capacity. For a clear description of the
advantages of this study, Table 1 depicts the difference of our study with previous literatures. According to the data in Table 1, it is obvious that the adsorbents prepared in this study was far advantage in
the heavy metal removal than others, so our study is
of great novelty and significance.



&#
110.?:17.:9.09?=,?4:9:9+9/0>:=;?4:90114.409.C
(desorption reagent 10mL; desorption time 30 min; 30±2°C; the error bars represent standard deviation)

% 
%30.:8;,=4>:9:1?3030,AC80?,7=08:A,7-C/4110=09?,/>:=-09?>
Prepared materials
HAM-ML
struvite/attapulgite
calcinated Chinese loess
crosslinked chitosan with epichlorohydrin

Target ion
Zn(II)
Cd(II)
Zn(II)
Zn(II)

8951

Adsorption performance
131.2 mg/g
121.14 mg/g
113.6 mg/g
25 mg/g

Data sources
This study
[16]
[23]
[24]
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 The composite adsorbent (HAM-ML) with
three-dimensional network structure was prepared
for Zn(II) removal by dispersion of montmorillonite
into acylamino functionalized hydrogel. The prepared polymer composite adsorbent has good chemical stability and high mechanical strength, which
can effectively degrade Zn2+ in the water.
 The isotherm data were in accord with
Langmuir isotherm model with maximum adsorption capacities of 131.2 mg.g-1. The optimum pH of
adsorption was determined to be 8.0. The desorption
efficiency of 94% can be reached using 0.7 mol.L-1
HCl as the regeneration agent. Therefore, the prepared novel adsorbent HAM-ML could be considered as a promising absorbent for Zn(II) removal.
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Due to its high level of toxicity and harmful effects
on human and the environment, industrial effluent
is indeed a major source of pollutants that significantly contribute to water pollution [1,2]. A tremendous increase in the use of the toxic chemicals
by many industries has ultimately resulted in production of huge amount of wastewaters and effluents [3,4]. For instance, according to the Department of Environment (DOE) Malaysia, Malaysia
produced 2,854,516.78 metric tonnes of wastewater
(scheduled wastes) in 2012, while in 2013 the volume increased to 2,965,611.65 metric tonnes [5]. In
the context of Libya, Hamad et al. [6] have highlighted that the overall generation of industrial
waste in Libya was approximately 1,248,000 tonnes
per year, which may have posed significant contribution to water pollution in Libya.
From a historical perspective, heavy metals
are used excessively in many industrial applications
such as electroplating, extractive metallurgy, battery manufacturing, agriculture and metal plating
[7,8]. Industrial effluents released from mining and
smelting are regarded as one of the key causes of
water pollution since these effluents contain high
concentrations of toxic heavy metals [9]. Jamieson
[10] stated that the mining industry discards about
90 % of the material as wastes, while smelting and
milling operations release over 70,000 metric
tonnes of metals into the environment each year.
Copper is essential to organism life and plays
an important role to the functioning of body organs,
however, this metal becomes toxic if consumed in
excessive amounts [11]. Cadmium and lead are
non-required metals for human life and they can
cause serious health effects even at low concentration [11]. For example, the excessive consumption
of cadmium can cause hepatic injury, renal dysfunction, hypertension, lung damage and teratogenic effects. Meanwhile, high amounts of copper absorbed by human body may lead to hemolysis, liver
and kidney damage, lung cancer, diarrhea and irritation of the upper respiratory tract. Anaemia, loss of
memory, damage of fetal brain, kidney problem and
high blood pressure are consequences of consuming
water polluted by lead [12-14].

In the present study, the efficacy of razor clam
shell to remove Cd(II), Cu(II) and Pb(II) ions from
aqueous solutions was investigated. A series of adsorption tests were carried out as a function of solution pH, adsorbent dosage and initial metal concentration. The performance of razor clam shell to sequester Cd(II), Cu(II) and Pb(II) from single- and
multi-metal adsorption systems was also assessed in
details. The adsorption of three metal ions studied
was more favourable at low acidic pH media. The
Freundlich and Langmuir isotherm models were
employed to correlate the adsorption equilibrium
data. Based on isotherm data, the adsorption affinity
of metal ions towards razor clam shell was in the
order of Pb(II) ˃ Cd(II) ˃ Cu(II), with maximum
adsorption capacities of 357 mg/g, 103 mg/g and 98
mg/g for Pb(II), Cd(II) and Cu(II) ions, respectively. In addition, the dimensionless separation factor
(L) values indicate the adsorption of Cd(II), Cu(II)
and Pb(II) onto razor clam shell was favourable.
The adsorption efficiency of the proposed adsorbent
was compared with olive tree derived activated
carbon, a commercial adsorbent for water treatment
in Libya. Fourier Transform Infrared (FTIR) Spectrometer, Scanning Electron Microscope (SEM) and
Energy Dispersive X-ray (EDX) Spectrometer were
used to characterise the physicochemical properties
of razor clam shell as well as to elucidate adsorption mechanisms involved. Overall, results from
this study highlight the feasibility of razor clam
shell, a fishery waste based material, as an alternative low-cost adsorbent for remediation of polluted
water.
)'"#
Adsorption, razor clam shell, metal ions, equilibrium
isotherm, water treatment
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Pollution of the environment by organic and
inorganic industrial discharges is of utmost concern.
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razor clam shell was influenced by three experimental parameters, namely solution pH, adsorbent
dosage and initial metal concentration. Freundlich
and Langmuir isotherm models were applied to
interpret the adsorption equilibrium data. The competitive adsorption studies were performed in multimetal system. Meanwhile, the comparative adsorption studies were investigated by comparing the
removal performance of razor clam shell with olive
tree derived activated carbon, a commercial adsorbent used to treat polluted water in Libya. FTIR
analysis was conducted to examine the availability
of functional groups and possible adsorption mechanism(s). Meanwhile, the surface morphology and
elemental composition of the proposed adsorbent
were confirmed by SEM and EDX analyses, respectively.

Heavy metals ions are non-degradable and
toxic. Therefore, elimination of heavy metal ions
from water is very imperative in order to protect
public health. Numerous remediation techniques
such as membrane filtration, chemical precipitation,
coagulation, flocculation and ion exchange have
been utilised to treat water polluted by metal ions
[15,16]. The key factors that must be taken into
consideration when choosing the type of the remediation technique are effectiveness in term of cost
and time, nature of pollutants, applicability to high
concentrations, applicability to mixed wastes and
production of toxic by-products [17].
Thus, adsorption is regarded as a promising
and superior alternative over other water treatment
techniques [18,19]. Due to its large surface area and
high adsorption capacity, activated carbon is considered as one of the most preferred adsorbents to
remove a wide variety of pollutants from aqueous
media [20]. Despite its wide application particularly
as an adsorbent in water and wastewater purification, activated carbon remains an expensive material and the market price may reach to USD 5000 per
tonne [21].
Alternatively, a number of low-cost adsorbents such as rice husk [22], sawdust [23], sugarcane bagasse [24], fly ash [25], red mud [26], blast
furnace slag and sludge [27] have been tested for
their binding capacity towards heavy metals under
various experimental conditions. Nowadays, seashell wastes have received great attention from international scientists to be used as alternative adsorbents for water treatment mainly due to their
availability in large quantities as wastes or can be
bought at very low price. For example, the worldwide production of mussel shell waste was estimated over 1 million tonnes annually [28]. Previously,
" !%&&# (cockle) shells [1], 
$""%# "' (European bass) scales [29] and
"$ $%# (mud creeper) shells [30] have
been employed for the removal of metal ions from
aqueous solution.
Razor clam ( "$%#) is a bivalve mollusc
and popular seafood in Asia region. Razor clam
shell is a seashell waste that has not been exploited
as an adsorbent for water treatment. The major benefits of applying razor clam shell as an adsorbent
are abundant in the natural environment with no
economic value and no odour or hazardous byproduct is produced during the treatment process
which makes it an environmental friendly adsorbent. Furthermore, it is primarily composed of calcium carbonate, which can be beneficial for adsorption mechanism [28]. Mo et al. [28] has documented that most types of seashells have a similar chemical composition [28].
This project was undertaken to evaluate the
feasibility for razor clam shell as an alternative
cheap adsorbent for removing Cd(II), Cu(II) and
Pb(II) ions from aqueous solution. The capacity of

$"#$#

</:+<+>398 90 +.=9<,/8> Razor clam shells
were supplied by a seafood restaurant in Tanjong
Malim, Perak. The shells were washed using tap
water and rinsed several times using deionised water. The oven-dry method was used for drying the
sample at temperature of 70 °C for 24 hours. The
dried shells were then crushed by using a laboratory
mill. Finally, the razor clam shell sample was
sieved through an American Society for Testing
Materials (ASTM) standard sieve to obtain a particle size between 150-250 µm.
</:+<+>398 90 =>9-5 7/>+6 =96?>398= Analytical grade chemicals were used in this study with
no further physical and chemical treatments. Stock
solutions (1000 mg/L) of Cd(II), Cu(II) and Pb(II)
were prepared by dissolving specific quantities of
Cd(NO3)2.4H2O
(Scharlau
Chemicals),
Cu(NO3)2.3H2O (GENE Chemicals) and Pb(NO3)2
(Bendosen Laboratory Chemicals) salts in 1 L of
deionised water, individually. The stock solutions
were then diluted into required concentrations prior
to use. Deionised water was used throughout this
study.
.=9<:>398 /B:/<37/8>= A series of adsorption experiments were carried out by adding 0.100 g
of adsorbent into 50 mL of metal ion solution of the
desired concentration. The mixture was then agitated using a Protech Orbital Shaker (model 720) at an
operating speed of 100 rpm and contact time of 60
minutes. After agitation process, the solutions were
filtered through filter paper (Filter Fioroni 601).
Subsequently, the residual concentrations of unadsorbed metal ions in the supernatant were measured
using a Perkin-Elmer AAnalyst 400 Atomic Absorption Spectrometer.
In this study, the effect of solution pH on adsorption of Cd(II) was investigated over a pH range
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0.100 g of razor clam shell was added to 50 mL
multi-metal solution, which contained either 50 or
100 mg/L of each metal ion. The activated carbon
used in the comparative study was produced from
olive tree. It is widely used as a commercial adsorbent for water treatment in Libya. The competitive
and comparative adsorption studies were accomplished using a similar procedure to that of singlemetal adsorption system, as described earlier.

2+<+->/<3=+>398=>?.3/=Some of the physical and chemical properties of razor clam shell,
before and after adsorption with metal ions, were
characterised. The surface morphology and elemental composition of razor clam shell were examined using a Hitachi SU 8020 UHR Field Emission
Scanning Electron Microscope coupled with a
Horiba Energy Dispersive X-ray Spectrometer. Prior to scanning, the razor clam shell powder was
coated with a thin layer of platinum in order to prevent charging under the electron beam. Meanwhile,
a Thermo Nicolet 6700 Fourier Transform Infrared
Spectrometer was used to identify the functional
groups that are present in razor clam shell and also
for confirming the possible binding mechanism(s)
between metal ions and active sites of razor clam
shell. The FTIR spectra were recorded in the wavenumber range between 4000 and 400 cm-1 with 32
cumulative scans at 4 cm-1 resolution.

of 1.0-6.0 while the pH range of 1.0-5.0 was set for
Cu(II) and Pb(II) uptake. The aforementioned pH
range was chosen in order to avoid the formation of
metal hydroxide precipitates. It was reported that
the precipitation of insoluble metal hydroxide can
restrict the true adsorption studies [31,32]. The required pH was adjusted by adding several drops of
either 0.1 mol/L HCl or 0.1 mol/L NaOH. The
measurement of pH was done by using a Thermo
Scientific Orion 2-Star pH meter. The effect of adsorbent dosage was conducted at the dosage range
of 0.025, 0.050, 0.075 and 0.100 g. In this part of
study, the Cd(II) and Cu(II) concentrations were set
as 100 mg/L, while 500 mg/L was opted as an initial concentration for Pb(II). To determine the effect
of initial concentration on adsorption capacity of
razor clam shell, the initial concentrations of Cd(II)
and Cu(II) were varied as 10, 25, 50, 100, 200
mg/L, while the range of Pb(II) concentrations were
set as 500, 600, 700, 800, 900 and 1000 mg/L. All
adsorption experiments were run in triplicates.
The adsorption capacity of the adsorbent at
equilibrium (!e) was estimated according to Equation (1):

⎛   ⎞
e ⎜ i e ⎟
⎝  ⎠

(1)

where !e is the amount of metal ions adsorbed
by razor clam shell (mg/g). i and e are the initial
and equilibrium concentrations of metal ions solution (mg/L), respectively.  is the weight of razor
clam shell (g) and represents the volume of metal
ions solution (L).
The percentage of metal ions removed from
aqueous solutions was calculated using Equation
(2):
⎛   ⎞
Removal (%) = ⎜ i e ⎟ × 100 (2)
⎝ i ⎠

97:/>3>3@/ +8. -97:+<+>3@/ +.=9<:>398
=>?.3/=The competitive adsorption study was performed in the multi-metal adsorption system. About

"#%$##%##

.=9<:>398 =>?.3/= 00/-> 90 =96?>398 :
The solution pH is one of the most significant factors that influence the adsorption process. It affects
the surface structure of the adsorbent by way of
dissociation of functional groups available and surface charge density [1,22]. It is also may change the
ionisation state of the adsorbates [33]. The data for
effect of initial solution pH on adsorption of metal
ions are presented in Figure 1.



%" 
00/->383>3+6=96?>398:98+.=9<:>39890.?+8. ,98>9<+D9<-6+7=2/66
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00/->90+.=9<,/8>.9=+1/90+.=9<:>39890
.?+8. ,98>9<+D9<-6+7=2/66

From Figure 1, it can be observed that the
change in initial solution pH from 1.0 to 5.0 has
caused an increase in adsorption capacity for Cu(II)
and Pb(II) from 10.66 to 37.86 and 32.06 to 49.97
mg/g, respectively. A sharp increment in adsorption
capacity was obtained when the initial solution pH
was increased from 1.0 to 3.0 of which the amount
of Cu(II) and Pb(II) adsorbed was increased from
10.66 to 35.09 and 32.06 to 49.97 mg/g, respectively. As discussed by Kushwaha and Dutta [32], at
very low pH medium there is excess of H3O+ ions,
where their concentrations are greater than metal
ions in the solution. Thus, the H3O+ ions would be
closely associated with active sites of the adsorbent
and hinder the access of metal ions to the active
sites of the adsorbent [22]. The low acidic value
could cause the protonation of functional groups on
the adsorbent’s surface. This phenomenon is speculated to urge on the electrostatic repulsion between
the protonated functional groups and metal ions that
bearing a similar charge, subsequently reducing the
adsorption capacity of razor clam shell for metal
ions [1,34]. After pH 3.0, there was no obvious
increase in adsorption capacity for Cu(II) and Pb(II)
as seen in Figure 1. However, the maximum adsorption capacity of razor clam shell for Cu(II) and
Pb(II) was obtained at pH 5.0.
In contrast to Cu(II) and Pb(II), a marginal increase in adsorption capacity for Cd(II) was recorded. When the solution pH was adjusted from 1.0 to
6.0, the amount of Cd(II) adsorbed was determined
as 47.91, 47.94, 48.73, 49.87, 49.88 and 49.92
mg/g, respectively. The greater adsorption capacity
at higher pH values could be explained by the fact
that when the pH of the solution increased, the concentration of H3O+ ions became less, and the competition between H3O+ and metal cations was reduced, thereby resulted an increase in electrostatic
interaction between cationic metal ions and carbonate groups of razor clamshell [22].
In sum up, the optimum pH for Cu(II) and
Pb(II) uptake was set as pH 5.0 while pH 6.0 was
chosen for Cd(II). Bazbaş and Boz [1] obtained
similar optimum pH values for adsorption of Cu(II)
and Pb(II) by applying " !%&&#
shells as adsorbent. In addition, the optimum pH 5.0
for Pb(II) adsorption is consistent with the result
obtained by Chand and Pakade [35]. Ferromanganese binary oxide-biochar composites achieved
excellent Cd(II) and Cu(II) adsorption at pH 6.0
[36].

Adsorbent dosage (g)
0.025
0.050
0.075
0.100

Adsorption capacity (mg/g)
Cd(II)
Cu(II)
Pb(II)
120.39
58.05
376.60
86.40
29.66
308.25
65.69
20.19
281.24
49.65
15.84
249.91

Based on Table 1, the uptake capacities for
three metal ions studied are generally decreased
when the dose of adsorbent varied over the range of
adsorbent dosage studied. This behaviour may be
attributed to overlapping and gathering of the adsorbent particles at high adsorbent dosage and correspondingly resulted in a relatively reduced adsorption capacity. Such a trend was in agreement
with those reported previously for adsorption of
Cd(II), Cu(II) and Pb(II) by several adsorbents
[19,34].
On the contrary to adsorption capacity, a
marked increase in adsorption efficiency from
60.20 to 99.30% for Cd(II) and from 37.66 to
99.96% for Pb(II) was observed with the increase
amount of adsorbent from 0.025 to 0.100 g (Figure
2(a)). A similar trend in adsorption efficiency was
obtained for Cu(II) (Figure 2(b)). From Figure 2(b),
the adsorption removal of Cu(II) was determined as
29.03%, 29.66%, 30.29% and 31.68% at the adsorbent dosage of 0.025, 0.050, 0.075 and 0.100 g,
respectively. The positive correlation between adsorbent dosage and adsorption efficiency may be
due to the presence of a greater surface area for
adsorption and likewise increase the availability of
active sites, thus making easier penetration of metal
ions to the adsorption sites [19].
00/-> 90 383>3+67/>+6 -98-/8><+>398 A given mass of adsorbent can adsorb only a fixed
amount of adsorbate. So, the initial concentration of
the adsorbate solution is an important parameter
[37]. As shown in Figure 3, the adsorption capacity
was in positive relation to initial metal concentration. In contrast, the increase in initial metal concentration gave an inverse influence towards the
adsorption efficiency as given in Table 2.
From Figure 3(a), with an increase in the initial concentration from 10 to 200 mg/L, the capacity
of razor clam shell for Cd(II) and Cu(II) ions increased remarkably from 4.92 to 92.06 mg/g and
from 3.74 to 54.37 mg/g, respectively. In the case
of Pb(II), the loading capacity increased from
217.25 to 316.20 mg/g when the initial Pb(II) concentration was adjusted from 500 to 1000 mg/L
(Figure 3(b)). The enhancement of metal uptake at
high concentration was possibly because of an increase in the rate of diffusion of metal ions towards
the adsorbent surface [38]. Therefore, the interaction between metal ions and adsorbent surface was
expected to increase [18].

00/-> 90 +.=9<,/8> .9=+1/ Study of the influence of adsorbent dosage on adsorption capacity
is important since it can give insight into of the effectiveness of an ideal adsorbent [18]. The finding
of effect of adsorbent dosage on the capacity of
razor clam shell for Cd(II), Cu(II) and Pb(II) are
given in Table 1 and Figure 2.
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.=9<:>398/003-3/8-C90.?+8. ,,C<+D9<-6+7=2/66
Initial concentration
(mg/L)
10
25
50
100
200
-

Adsorption efficiency
(%)
Cd(II)
Cu(II)
98.68
100.00
98.77
46.12
99.22
21.72
99.20
7.40
90.00
4.75
-

Initial concentration
(mg/L)
500
600
700
800
900
1000

Adsorption efficiency
(%)
Pb(II)
91.10
84.88
76.77
75.19
67.78
60.80


$ 
</?8.63-2+8.+817?3<3=9>2/<779./6=:+<+7/>/<=09<.?+8. ,+.=9<:>398
Metal ion
F

Cd(II)
Cu(II)
Pb(II)

(mg/g)
27.65
1.45
88.57


1.82
1.65
4.53

Freundlich
1
0.55
0.61
0.22

R2




max

(mg/g)
103.09
98.04
357.14

0.7405
0.6616
0.9424

Langmuir
(L/mg)

R2

0.542
0.004
0.023

0.9826
0.0363
0.9959

tion (3) [41]:

Meanwhile, the adsorption efficiencies for
Cu(II) and Pb(II) were declined markedly when the
initial metal concentration was increased (Table 2).
This situation could be ascribed to lower adsorbent/adsorbate ratio at the high concentrations, resulting in a reduction in metal removal [33]. In other words, at high concentration there was a significant competition of metal ions for available adsorption sites where all these sites will become saturated
at a certain concentration [39]. Interestingly, there
was no change in Cd(II) removal where the percentage of removal showed a constant value of 99
% for initial Cd(II) concentration range of 10 to 100
mg/L. As presented in Table 2, an increase in initial
concentration from 100 to 200 mg/L has created a
negative effect on removal of Cd(II) by decreasing
its value to 90.00 %. This scenario could be due to
saturation effect on all active sites of adsorbent
[19]. A similar trend was observed for metal ions
adsorption by several adsorbents especially at high
concentration as reported in the literature [7,22].

1
log  = log   + log  


(3)

where !e is the amount of adsorbate adsorbed
per unit weight of adsorbent at equilibrium (mg/g).
F and  are the Freundlich constants,
F is the
adsorption capacity of the adsorbent (mg/g) and 
denotes the adsorption intensity. The values of
Freundlich parameters, namely F and  can be
determined from the slope and intercept of the
straight line plot log e against log !e.
Unlike the Freundlich isotherm, Langmuir isotherm assumes only one pollutant can occupy on
one active site at homogeneous adsorbent surface,
and no further pollutant molecules will take place in
the same active site [42]. This type of model deals
with monolayer adsorption and with absence of
interaction between adsorbed molecules [2]. The
linear form of Langmuir model is expressed as
Equation (4) [43]:
 
1
(4)
=
+
  
where
is the maximum monolayer adsorption capacity (mg/g) and  is Langmuir constant
related to affinity of binding sites (L/mg). and 
values were determined by plotting e/!e versus e.
The related parameters of both models for adsorption of Cd(II), Cu(II) and Pb(II) ions onto razor
clam shell are listed in Table 3. Based on correlation coefficient (2) values, it is apparent that the
equilibrium adsorption data of Cd(II) and Pb(II)
correlated with Langmuir isotherm model better
than Freundlich model. Meanwhile, the adsorption
data for Cu(II) had poor modelling correlation to
both isotherm models. Based on Table 3, the maximum adsorption capacities ( max) estimated from
Langmuir isotherm model were found to decrease
in the order of Pb(II) > Cd(II) > Cu(II). As discussed by Franus and Randura [44], the adsorption

.=9<:>398 3=9>2/<7= Generally, the relationship between the amount of solute adsorbed by
unit weight of solid adsorbent and its concentration
in the equilibrium solution at constant temperature
is known as an adsorption isotherm [2]. The adsorption isotherm is important for expressing the interaction behaviour between the solute molecules and
the adsorbents [15]. In fact, the equilibrium data are
fundamental in designing the adsorption system
[40]. In this study, the equilibrium adsorption data
have been subjected to two well-known models,
namely Freundlich and Langmuir isotherm models.
Freundlich isotherm is an empirical relationship based on the assumption that the adsorbate
molecules are distributed on multilayer heterogeneous surface of the adsorbent with strong adsorbate/adsorbent interaction [2]. The linear form of the
Freundlich model is generally expressed by Equa-
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it is interesting to note that the max of razor clam
shell for Cd(II), Cu(II) and Pb(II) ions was comparable with other reported adsorbents. Although the
max values were determined under different experimental conditions, a general comparison is indeed
necessary in order to compare adsorption performance of adsorbents [47].

of metal ions is directly proportional to the atomic
weight and ionic radii of metal. Of metal ions studies, Pb(II) possessed the heaviest atomic weight
(207.2 g/mol) and largest ionic radius (1.19 Å) as
compared to Cd(II) (112.4 g/mol and 0.95 Å) and
Cu(II) (63.5 g/mol and 0.71 Å) [44]. In contrast, the
adsorption of metal ions is in opposite direction
with hydration energy. The order of hydration energies was in the sequence of Cu(II) (-2100 kJ/mol) >
Cd(II) (-1807 kJ/mol) > Pb(II) (-1481 kJ/mol) [45].
Moreover, the essential characteristic of
Langmuir isotherm model can be expressed by a
dimensionless equilibrium parameter called separation factor (L) which was suggested by Hall et al.
[46]. The L can be defined by Equation (5):

L =

1
1+ i

97:/>3>3@/ +8. -97:+<+>3@/ +.=9<:>398
=>?.3/= The competitive adsorption study aims to
observe the effect of one type of pollutant on another particularly during the treatment of polluted water. Thus, in general multi-metal adsorption system
is more complicated than single-metal adsorption
system due to the existence of various interactions
between adsorbate and adsorbent’s surface [35].
Herein, the investigation of performance for razor
clam shell and olive tree derived activated carbon
(OTDAC) was carried out for the removal of
Cd(II), Cu(II) and Pb(II) from multi-metal adsorption system. The results for multi-metal adsorption
system are given in Table 5.
The results showed that the adsorption efficiency of Cd(II) and Pb(II) in single-metal adsorption system was higher than in multi-metal adsorption system. This observation might be related to
competition effect between metal ions for active
sites, which due to the presence of two or more
metal ions in the solution [49]. On the contrary,
Cu(II) presents a somewhat different behaviour in
which its removal by razor clam shell from multimetal system was higher than in the single-system,
especially at high concentration. This demonstrates
that the adsorption of Cu(II) has not affected by the
interference of other metal ions.

(5)

As described by Hall et al. [46], the L values
can be categorised into four systems, namely: unfavourable (L ˃ 1), favourable (0 ˂ L ˂ 1), linear
(L=1) and irreversible (L = 0). The L values
were computed at different metal concentrations
and lied between 0 and 1, indicating a favourable
nature of Cd(II), Cu(II) and Pb(II) adsorption using
razor clam shell. The feasibility of the on-going
adsorption process was evaluated in term of Freundlich parameter constant (). As presented in Table
3, the  values ranged between 1 and 10, suggesting
a beneficial adsorption of metal ions onto razor
clam shell under experimental conditions studied.
The max of razor clam shell for metal ions obtained from Langmuir isotherm model was compared with other low-cost adsorbents as highlighted
in Table 4. Based on the massive amounts of studies reported previously using various of adsorbents,


$ 
97:+<3=98907+B37?7+.=9<:>398-+:+-3>C90  =2/66A3>2.300/</8>09<7=907+>/<3+6=09<
.?+8. ,
Adsorbent

Razor clam ("$%#) shell
Fly ash
Blast furnace slag
Dried ((%#%
Carbonized ((%#%
Canola residue
Walnut shell residue
$ leave
Barley straw ash
Chitosan-MAA nanoparticles
Rice husk
Mud creeper snail
()(%% leaves
 %%#$# leaves
Modified Beech Sawdust
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Adsorption capacity
max (mg/g)
Cd(II)
Cu(II)

Pb(II)

103.09
3.78
5.05
71.40
76.90
4.99
1.42
2.42
1.58
4.15
-

357.14
5.11
4.93
2.51
13.72
256.40
2.46

98.04
4.49
5.22
35.71
8.33
35.70
38.80
17.80
8.89
15.87
17.76
-

Reference

This study
[48]
[48]
[32]
[32]
[49]
[49]
[12]
[50]
[34]
[22]
[30]
[19]
[19]
[23]
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"/79@+690.?+8. ,98>9<+D9<-6+7=2/66+8.$38=3816/+8.7?6>37/>+6+.
=9<:>398=C=>/7
Metal
ion

i (mg/L)

Single-metal system
Adsorption efficiency (%)

Cd(II)

50
100
50
100
50
100

99.00
99.00
21.72
7.40
100
100

Cu(II)
Pb(II)

Multi-metal system
"$%#
OTDAC
Adsorption efficiency
Adsorption efficiency
(%)
(%)
14.18
22.29
5.52
59.18
19.16
12.22
39.39
19.44
26.92
5.04
80.08
12.87

a

b

c

d

%" 
#37+1/=90<+D9<-6+7=2/66 E7+18303-+>398+,/09</+8.+0>/<38>/<+->398A3>2.,
?- ,.

bents suggests a different mechanism responsible
According to Table 5, Cd(II) ion exhibited a
for the removal of metal ions studied from multihigher affinity towards OTDAC than razor clam
metal adsorption system [52]. Overall, the comparashell. Inversely, razor clam shell has higher performance to adsorb Cu(II) and Pb(II) ions in multitive adsorption data suggest that razor clam shell
has a great potential to be an alternative adsorbent
metal adsorption system than OTDAC. The selecto commercial activated carbon for the removal of
tivity of razor clam shell for metal ions followed the
metal ions from polluted water.
order of Pb(II) ˃ Cu(II) ˃ Cd(II). High adsorption

efficiency of Pb(II) by razor clam shell as compared
2+<+->/<3=+>398 =>?.3/= # +8+6C=3=
to Cd(II) and Cu(II) could be ascribed to its Pauling’s electronegativity [50,35]. The Pauling’s elecSEM analysis was carried out in order to observe
the morphological features and surface characteristronegativity values for Cd(II), Cu(II) and Pb(II)
tics of the adsorbent. The SEM images of razor
were 1.69, 1.90 and 2.33, respectively [51]. The
difference in adsorption capacities of both adsorclam shell at 10,000x magnification before and af-
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The interaction with metal ions has caused the
appearance of metal features in EDX spectra. For
example, the interaction with Cd(II) has resulted in
the appearance of Cd features at 3.133 keV (Figure
5(b)). Meanwhile, the appearance of features at
energy values 0.928 and 8.046 keV can be assigned
to Cu (Figure 5(c)). The characteristics of Pb were
observed on EDX spectrum at 2.342 and 10.551
keV (Figure 5(d)). Based on EDX findings, it is
evident that razor clam shell has the capability to
bind metal ions on its surface.

$" +8+6C=3= The available functional
groups on the surface of razor clam shell and the
possible adsorption mechanism(s) involved were
confirmed using FTIR analysis. The FTIR spectra
of razor clam shell before and after contact with
Cd(II), Cu(II) and Pb(II) ions are displayed in Figure 6.
Based on spectral data in Figure 6(a), the
prominent absorption peaks at 1786, 1463, 855 and
712 cm-1 represent the characteristics of the carbonate (CO32-) in calcium carbonate, which are the
fundamental vibration modes for this molecule. The
features of carbonate at the aforementioned wavenumbers have been discussed by Khiri et al. [53].
There are obvious changes in FTIR spectra of razor
clam shell following the interaction with metal ions
as demonstrated in Figures 6(a-d). Generally, most
absorption bands in razor clam shell were shifted to
a new wavenumber after adsorption process. For
instance, the interaction of razor clam shell with
Cd(II) has caused a shift in wavenumber from 1786,
1463, 855 and 712 cm-1 to 1784, 1385, 857 and 711
cm-1, respectively (Figure 6(b)).

ter metal ions uptake are depicted in Figure 4. As
shown in Figure 4(a), razor clam shell appears to
have a flat and smooth surface texture.
All metal ions studied had significant effects
on the surface of razor clam shell, whereby the surface became uneven and irregular (Figures 4(b-d)).
Interaction of razor clam shell with Cd(II) has resulted in the formation of stones-like assemblages
on its surface (Figure 4(b)). After adsorption of
Cu(II), the adsorbed metal remains as aggregates on
its surface and the surface texture became more
rough (Figure 4(c)). Meanwhile, the appearance of
rod-like deposits on the surface of razor clam shell
was observed due to adsorption of Pb(II) (Figure
4(d)). Overall, the accumulation of metal ions on
the surface of razor clam shell signifies the effectiveness of the adsorbent and the successful of the
adsorption process.

( +8+6C=3= EDX analysis was performed
to examine the elemental composition of the adsorbent and the presence of metal features after contact
with metal ions. Figure 5 shows the EDX elemental
spectra of razor clam shell before and after interaction with Cd(II), Cu(II) and Pb(II). Based on EDX
spectrum, calcium, carbon and oxygen are the three
prime constituents in razor clam shell adsorbent.
The features of calcium were observed at the energy values of 0.341 and 3.692 keV while the features
of carbon and oxygen were appeared at the energy
values 0.277 and 0.525 keV, respectively. On the
other hand, the appearance of the platinum feature
at energy values of 2.050 and 9.442 keV was due to
coating process prior EDX analysis.


%" 
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sorbent. Overall, it can conclude that carbonate
group might be the main adsorption site that responsible for binding of Cd(II), Cu(II) and Pb(II)
ions onto razor clam shell’s surface.

Meanwhile, based on Figure 6(c) the split of
the absorption peak at 1463 cm-1 into two peaks at
the wavenumbers of 1455 and 1350 cm-1 was due to
interaction of Cu(II) ions with carbonate group of
adsorbent. A new discernible narrow peak at 1047
cm-1 was appeared after binding with Cu(II). Adsorption of Cu(II) has also caused a shift in wavenumber of absorption bands from 1786, 855 and
712 cm-1 to 1781, 854 and 711 cm-1, respectively.
As shown in Figure 6(d), the interaction of razor clam shell with Pb(II) has resulted in the appearance of two new absorption bands at the wavenumbers of 1051 and 678 cm-1. In addition, the absorption bands at 855 cm-1 split into two bands at
the wavenumbers of 854 and 838 cm-1 following
Pb(II) adsorption. The absorption peaks of 1786,
1463 and 712 cm-1 also experienced a shift to the
wavenumbers of 1783, 1440 and 711 cm-1, respectively. The intensities of absorption bands were
decreased after interaction with metal ions. For example, the absorption bands intensity at 1463 cm-1
decreased as metal ions adsorbed onto the surface
of razor clam shell.
Presumably, the shift in the wavenumbers of
functional groups, the changes in the absorption
intensity and the formation of new absorption peaks
could be ascribed to the involvement of available
functional groups on the surface of razor clam shell
in the adsorption processes. Electrostatic interaction
and ion exchange are the two possible mechanisms
involved for metal ions and active sites of the ad-

%##
Results of this investigation suggest that razor
clam shell, a seashell waste, has the capability to
remove metal ions from single- and multi-metal
adsorption systems. The effectiveness of razor clam
shell was proven in terms of cost and as an environmental friendly adsorbent. Three variables,
namely solution pH, adsorbent dosage and initial
metal concentration greatly influenced the capacity
of razor clam shell. The adsorption capacity of razor clam shell was in inversely proportional to adsorbent dosage. Based on isotherm results, the selectively of razor clam shell was in the order of
Pb(II) > Cd(II) > Cu(II). The maximum adsorption
capacity estimated from Langmuir isotherm model
confirmed that razor clam shell is superior as compared to other types of adsorbent materials used for
water treatment. Comparative adsorption data suggest that razor clam shell has a potential to replace
olive tree derived activated carbon, a commercial
activated carbon, widely used for water treatment in
Libya. The significant changes in the surface morphology and functional group characteristics could
imply the successful adsorption of Cd(II), Cu(II)
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remediation of heavy metal contaminated soil has
become an urgent problem and a hot topic for scholars. It is more common to use cement, fly ash and
lime to solidify the heavy metal contaminated soil. It
has the advantages of technical maturity and economic benefit. The current research is mainly focused on the study of heavy metal contaminated soil
such as lead and zinc [2-3], while the study of nickel,
copper and their mixed contaminated soil is relatively few. It shows that the soil particles are rough,
the particle size becomes larger, and the local cavitation and the particles are dispersed after the soil is
intruded by heavy metal ions [4]. When the toxicity
of heavy metals is larger, the heavy metal ions may
change the soil from the plastic and hard plastic state
to the soft plastic state, even the flow plastic state,
which seriously affects the strength of the soil. It
shows that the copper ions will improve the early
strength of the mud, but when cement and fly ash solidified mud, copper ions will decrease its strength
by the test [5]. Hu Qiang qiang [6] solidified the stabilized copper soil test, and concluded that when
copper ion concentration is less than 0.3%, the concentration of copper ions increases with the concentration of copper ions solid. When the concentration
of copper ions was higher than 0.5%, the strength of
the solidified soil decreased significantly, and the solidified mechanism was analyzed. The heavy metal
ion polluted soil, such as copper, nickel, cadmium,
lead and zinc, was systematically studied by Chen
Lei and other [7-8]. The concept of a fuzzy critical
value of heavy metal concentration was proposed.
The effect of NaCl, AlCl3 and CuCl2 on the hydration reaction of cement soil was studied by test and
so on [9]. Shao Li et al[10] used cement to solidify
the nickel contaminated soil, and studied the effect
of nickel ions on the strength, strain and strain of cement soil and the deformation characteristics of the
soil, and the microcosmic test was carried out to analyze its curing mechanism. Cement solidified contaminated soil has good strength, permeability and
leaching characteristics, but when heavy metal ions
are high or mixed with heavy metal ions, the effect
of cement curing is worse [11] and the production of
cement is accompanied by high pollution and energy

The new solidified agent (CFG) which is composed of cement, fly ash and Desulphurization gypsum was used to solidify nickel copper contaminated
soil. The effects of nickel ion concentration, copper
ion concentration, curing age and CFG content on
the strength and stress-strain characteristics of solidified contaminated soil were studied. The results
show that the unconfined compressive strength
(UCS) of solidified contaminated soil increases with
the increase of curing age and CFG content, and a
prediction formula based on curing age is given. The
effect of nickel and copper ion concentration on the
UCS of contaminated soil can be roughly divided
into three cases. The concentration of heavy metals
is low, the UCS of solidified contaminated soil is
slightly reduced. The concentration of heavy metals
is medium, the UCS of the solidified contaminated
soil was greatly affected. The concentration of heavy
metals is highest, the UCS of the solidified contaminated soil will be seriously affected. The concentration of nickel and copper ions is up to 10000mg/kg,
the effect of nickel ion on the UCS of contaminated
soil is greater than that of copper ion. The failure
strain and the UCS of the solidified contaminated
soils at different curing ages are approximately a
power function relation, and the fitting formula is
given.


+)"%&
Fly ash, Desulphurization gypsum, nickel, copper, unconfined compressive strength

!'%"('"!
There are about millions of urban industrial pollution sites in China. Once the pollution control is
not strict, the industrial waste gas, waste liquid and
waste residue produced during the operation of these
enterprises will invade the soil, change the physical
and chemical properties of the soil, and form a serious heavy metal contaminated soil [1]. At present,
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consumption. Activated fly ash can be hydrated two
times with cement to form C-S-H and C-A-H colloid
to solidify heavy metal contaminants [12]. Desulphurization gypsum can be used as alkaline activator
of cement and fly ash to improve the curing effect of
cement and fly ash, and fly ash and Desulphurization
gypsum are industrial by-products, widely used in
buildings and other industries. Its process and utilization not only promotes the development of the national environmental protection circular economy,
but also greatly saves resources. It is necessary to
study the effect of cement, fly ash and desulphurization gypsum on stabilizing the strength of heavy
metal contaminated soil.
In this paper, a new solidified agent (CFG)
formed by cement, fly ash and desulphurization gypsum has been solidified and stabilized with nickel
and copper contaminated soil. The unconfined compression strength test is carried out to analyze the
strength characteristics of the solidified soil and the
deformation characteristics of the solidified soil with
the concentration of nickel ions, copper ions, curing
age and CFG content. The feasibility of mixed remediation of nickel and copper contaminated soil by
CFG is studied.
From the practical point of view of geotechnical
engineering, this research uses cement to stimulate
the activity of fly ash and desulphurization gypsum
to form a "cement-like" material to solidify heavy
metal contaminated soil, and explores the strength
and stress-strain relationship characteristics of the
new material solidified heavy metal contaminated
soil. At the same time, the comprehensive application research of desulphurization gypsum and fly ash
is carried out to stimulate the inherent potential of
industrial "waste residue", convert it into industrial
"beneficial residue", realize the high-efficiency utilization of waste, and reduce the consumption of cement and other resource-based materials, which is of
great significance and value to the upgrading of China's industry and the transformation of a resourcesaving society.

 





(a)

(b)

'&' '%&!&!

'1>?8-?1=5-7The test soil samples were taken
from the soil of 2-5 meters in the foundation pit of
Shannan area of Anhui University of Science And
Technology in Huainan, Anhui. The soil samples
were dried, crushed and over 2mm soil, and the test
soil powder was made. According to the "highway
geotechnical experiment regulation" (JTG E40
2007), the geotechnical test is carried out, and the
main physical and mechanical parameters are shown
in Table 1. According to the XRD diffraction pattern,
the chemical composition of soil samples is mainly
SiO2, followed by Al2O3 and Fe2O3. The XRD diffraction pattern is shown in Figure 1.
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XRD diffraction pattern of experimental
soil

XRD diffraction pattern of fly ash

(c) XRD diffraction pattern of desulphurization
gypsum
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#4D>5/-7-9081/4-95/-7;=:;1=?51>:21C;1=5819?-7>:57
Soil sample
classification

moisture
content/%

Clay

24.132

plastic
limit
/%
20.814

liquid
limit
/%
41.438

plastic
index
/%
20.624

The optimum water
content /%

Maximum dry
density/(g•cm-3)

19.127

1.933

' 
4185/-7/:8;:>5?5:9:201>@7;4@=5E-?5:93D;>@8-9027D->4
Title
Fly ash
desulphurization
gypsum

SiO2 %
51.70

Al2O3 %
32.10

Fe2O3 %
7.75

CaO %
5.02

MgO %
0.84

SO3 %
0.66

1.94

0.90

0.23

31.31

0.29

43.49

'1>?>?1;>(1) According to the designed mix
proportion, the test soil powder, cement, fly ash and
Desulphurization gypsum were weighed and mixed
evenly.
(2) According to the designed mix proportion,
water, Ni(NO3)2. 6H2O, Cu(NO3)2. 3H2O were
weighed and mixed to make heavy metals dissolved
in water.
(3) Add water containing heavy metal into dry
soil mixture and stir it evenly.
(4) Three groups of parallel specimens were
carried out using static pressure method to divide 3
layers into a cylindrical mold with diameter of 50mm
and 100mm high. The completed specimens are
placed in room maintenance (curing temperature
20±3 C, relative humidity 95%), and after curing for
24 to 48h, the mold unload, and the specimens are
put in the nursing box to be cured to the design age.
(5) The unconfined compression tests of 3d, 7d,
14d and 28d specimens were carried out respectively. The test was carried out by using WDW-500
microcomputer control electronic universal testing
machine, on the basis of the standard of geotextile
test method (GB/T50123-1999). The scanning electron microscopy test of content of 15% CFG maintenance 28d were carried out, and the equipment for
the Hitachi field emission SU8220.

The test cement is P.O.42.5 ordinary Portland
cement. The desulphurization gypsum and fly ash
used in the experiment were taken from Huainan
Pingwei Power Plant. The XRD diffraction pattern is
shown in figure 1, and its chemical composition is
shown in Table 2. The experiment is a remolded soil
test. The contaminated soil is prepared in the laboratory. Ni2+ is provided by six hydrated nickel nitrate
Ni (NO3) 2. 6H2O, and Cu2+ is provided by three hydrated copper nitrate Cu (NO3) 2. 3H2O, and it is due
to its high solubility in water, and NO3- has a small
effect on the hydration of cement and other solidifying agents [13]. The test water is local tap water.
5C =-?5: 01>539 This experiment includes
two heavy metal ions Ni2+ and Cu2+. According to
the standard of soil environmental quality (GB
156182008), it is known that the second grade environmental quality standard values of total nickel and
total copper contaminants in the soil are 200mg/kg
and 500mg/kg respectively. The total nickel of this
test is 0, 1, 20 and 50 times the national standard, that
is 0mg/kg, 200mg/kg, 4000mg/kg and 10000mg/kg.
In order to make a comparative analysis, the test total
copper was designed to be 0mg/kg, 10000mg/kg,
and there were six levels of heavy metal content,
which were simplified as Ni0Cu0, Ni0.02, Ni0.4,
Ni1, Cu1, Ni1Cu1.
The curing agent used in the test is a new type
of composite cementitious material (CFG) formed
by cement, fly ash and Desulphurization gypsum. In
this paper, the relevant documents of cement, fly ash
and Desulphurization gypsum cementitious system
are consulted [14]. The cement, fly ash and Desulphurization gypsum are determined after fully considering the strength and permeability of the stabilized soil, and the mass ratio is 5:3:2, and the CFG
content in the experiment is 8%, 12% and 15% (the
ratio with dry soil mass), which is abbreviated as
CFG8, CFG12 and CFG15. In order to fully mix the
curing agent and soil, the test moisture content is
35%. In this experiment, 3 levels of curing agent dosage and 6 levels of heavy metal concentration were
carried out in 18 groups.



!+&&"*#% !'%&('&
9-7D>5>:2(&/4-=-/?1=5>?5/>927@19/1:2
/:;;1=5:9/:9/19?=-?5:9:9(& When the curing agent CFG is 8%, 12% and 15%, the unconfined
compressive strength (UCS) varies with the concentration of nickel and copper ions in Figure 2. It can
be seen from Figure 2 that the UCS of solidified soil
decreases with the presence of nickel and copper
ions. With the increase of curing time, the hydration
reaction will occur and a large amount of alkaline
substances, such as calcium hydroxide (C-H), are
generated. In the alkaline environment, the solubility
of aluminum and silicon in the CFG and soil particles is increased, which is beneficial to their reaction
with calcium ions in the solidifying agent to produce
calcium silicate (C-S-H) and calcium aluminate
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cement stone and so on, cause the lag of the strength
growth of the solidified soil. On the other hand, the
alkali environment of the solidified agent and contaminated soil will be reduced, and the production of
calcium silicate hydrate and calcium aluminate hydrate is reduced, and the cementing effect of cement
soil is weakened, and the strength of the sample will
be reduced [16].

hydrate (C-A-H), etc., these products will form cement skeleton and other skeleton with soil particles,
so that the composite cement soil has certain strength
[15]. When Ni2+ and Cu2+ exist, they will react with
the OH- produced by the hydration of the curing
agent and produce CaNi2(OH)6. 2H2O, Cu(OH)2 and
other insoluble substances. On the one hand, these
substances will wrap, and obstruct the further hydration of CFG, reduce the formation of the skeleton of
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28d. Compared with the non-heavy metal, the fluidity of the solidified soil with higher heavy metal content is obviously higher when the specimen is
moulded.

927@19/1:2/@=593-31:9(&Figure 2 can
also be considered as the change curves of the UCS
of the sample with curing time when the dosage of
curing agent CFG is 8%, 12% and 15%. From the
analysis of Figure 2, it is found that the strength of
the sample is similar to the change of the strength of
the ordinary cement soil, all of which are increased
with the increase of the curing age. The strength of
the early stage (3d-14d) is faster and UCS of the middle and later period (14d-28d) is increased slowly.
The UCS prediction based on curing age is carried out below. When the other conditions are the
same, the UCS of the cement and soil at different
ages is about linearly, such as the relationship between the UCS of the different curing age and the
UCS of the curing age 3d [17]. The formula for its
prediction can be expressed in function (1).
     
(1)
Where
qu,t--the prediction UCS of soil for t curing age
qu,t0-- the UCS of soil for t0 curing age
At---prediction coefficient

The influence of different heavy metal ions on
strength can be roughly divided into 3 situations.
First, the concentration of heavy metals is low
(Ni0.02). It can be seen from Figure 4 that when the
nickel ion concentration is 200mg/kg, the UCS of the
solidified contaminated soil is slightly lower than
that of the sample without heavy metal, and the decrease is 8.154%, 11.653% and 11.103% respectively when the CFG content is 8%, 12% and 15%
and curing 28d. Second, the concentration of heavy
metals is medium (Ni0.4). When the concentration
of nickel ions reached 4000mg/kg, the UCS of the
solidified contaminated soil was greatly affected, the
decrease was 38.332%, 41.541% and 42.216% respectively when the CFG content is 8%, 12% and
15% and curing 28d. Third, the concentration of
heavy metals is high (Ni1, Cu1, Ni1Cu1). When
nickel ions reach 10000mg/kg, the UCS of the solidified contaminated soil will be seriously affected.
The decrease is 63.168%, 64.651% and 70.796% respectively when the CFG content is 8%, 12% and
15% and curing 28d. When the concentration of copper ions reaches 10000mg/kg, the UCS of the solidified contaminated soil will be seriously affected, but
the influence of the same nickel ion concentration is
smaller than that of the same nickel ion concentration. The decrease is 55.108%, 59.776% and
63.815%, respectively when the CFG content is 8%,
12% and 15% and curing 28d. When the pollutants
are composite of nickel ions and copper ions, the
UCS decreases more, and the concentration of Ni
and Cu reach to10000mg/kg, the decrease is
65.511%, 69.966% and 74.893% respectively when
the CFG content is 8%, 12% and 15% and curing
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As can be seen from table 3, for different age t0,
 is related to time . Now we analyze the different
curing age with one curing age, as shown in Figure 4.
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From Figure 4, the variation rule of  with curing age t under different  can be fitted by power
function, The formula can be expressed in function
(2).

heavy metal ions is higher than 12%. For Ni1Cu1
contaminated soil, the CFG content is higher than
15%.

9-7D>5>:2>?=1>>>?=-59/@=A1&?=1>>>?=-59
/@=A1@901=05221=19?41-AD81?-7/:9/19?=-?5:9
Figure 7 is the stress and strain curves of different
heavy metals concentrations at curing age of 3d, 7d,
14d and 28d when the dosage of CFG is 15%. As can
be seen from Figure 7, the concentration of heavy
metal ions has a great influence on the stress-strain
curve of the specimen, and the influence of the concentration of heavy metal ions on the stress-strain
curve can be roughly divided into the following 3
cases.
First, the concentration of heavy metals is low
(Ni0.02). When the concentration of nickel ions
reaches 200mg/kg, the stress-strain curve is close to
that of no heavy metal. The change of stress strain
curve can be roughly divided into 3 stages: the one
is that the rising trend of the curve is close to the
straight line at first stage, the two is that the rise of
the curve is nonlinear growth, slightly slower than
the first stage, and the three is the rapid decline after
reaching the peak value, shows brittleness damage.
Second, the concentration of heavy metals is
medium (Ni0.4). When the concentration of nickel
ions reaches 4000mg/kg, the rising trend of the stress
strain curve becomes slow. The growth of the curve
stress is lagged behind the curve of no heavy metal
and Ni0.02, after reaching the peak ultimate strength,
it also decreases rapidly, showing brittle failure.
Third, the concentration of heavy metals is high
(Ni1, Cu1, Ni1Cu1). After the concentration of
heavy metal ions reached Ni1, Cu1 and Ni1Cu1, the
upward trend of the stress strain curve is very slow,
and the growth of the curve stress is also obviously
lagged behind the curve without heavy metal and
low concentration, which shows the plastic failure
[19].

&?=1>> >?=-59 /@=A1 @901= 05221=19? /@=593
-31 Figure 8 is the stress-strain diagram of CFG curing agent 15%, 200mg/kg concentration and curing
age. As shown in Figure 8, with the increase of curing time, the strength of the specimen increases and
the failure strain of the solidified soil decreases, and
it will break faster after the strength limit, and the
brittle failure characteristics are more obvious.
From Figure 9, it can be seen that the failure
strain and UCS at different ages are roughly related
to power function when the other conditions are the
same. Fitting the relationship between failure strain
and UCS of solidified soil, we can get the relation
between failure strain and UCS, it can be seen function 6.

 =  

(2)

' 
5??593;-=-81?1=>:2?:
Curing age t0


d
3
0.687
0.333
7
0.533
0.336
14
0.402
0.337
28
0.326
0.338

R2
0.995
0.996
0.995
0.995

The results are shown in Table 4, the change of
 value is very small, can be neglected, the average
 is about 0.336. The  value varies greatly, and is
mainly related to . The relationship diagram between fitting parameters  and  is shown in Figure
5, the relationship between  and  is fitted by power
function.
(3)
 = 1.0010−0.337 R² = 0.994

       
(4)
           (5)

927@19/1:2/:9?19?:9(&Figure 6
is the histogram of the influence of CFG content on
UCS when curing 28d. From Figure 6, it can be
found that the dosage of the curing agent CFG has a
great influence on the strength of the sample. The
strength of the specimen for curing 28d of CFG12 is
1.674 to 1.922 times that of CFG8, and the strength
of the CFG15 is 1.229 to 1.498 times that of the
CFG12. It is because the increase of CFG content
will promote the formation of the hydration products
of the curing agent, form more cement stones and so
on. The cementation between the hydrated products
and the soil particles will also be strengthened,
which is beneficial to the improvement of the compressive strength of the soil samples.
When the solidified contaminated soil is
treated, US EPA think it should not be less than 0.35
MPa for UCS, other countries, such as Britain, require not less than 0.7 MPa, France and Holland are
not less than 1.0 MPa [18-19], and China is not specific regulation.
In the results of this test, if the American specification is used, all the curing requirements for contaminated soil can be met. That is, the CFG8 can satisfy the requirements for strengthening the contaminated soil of Ni0Cu0, Ni0.02, Ni0.4, Ni1, Cu1 and
Ni1Cu1. If the British specification is used, the CFG
content of contaminated soil without heavy metal
ions and Ni0.02 is more than 8%. For Ni0.4, Ni1 and
Cu1, the CFG content of contaminated soil with

ε  = 3.006 −0.87
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(2014M561806) and Colleges and Universities in
Anhui province natural science foundation of China
(KJ2016A831).

In this paper, CFG solidified nickel copper contaminated soil is taken as the research object. The effects of nickel ion concentration, copper ion concentration, curing age and CFG content on the strength
and stress - strain characteristics of the solidified soil
were analyzed, and the following main conclusions
were obtained.
Firstly, the influence of heavy metal ion concentration of nickel and copper ions on the compressive strength of solidified contaminated soil can be
roughly divided into three cases. First, the concentration of heavy metals is low (Ni0.02), compared
with those without heavy metals, the compressive
strength of solidified soil is slightly reduced. Second,
the concentration of heavy metals is medium
(Ni0.4). When the concentration of nickel ions
reached 4000mg/kg, the UCS of the solidified contaminated soil was greatly affected. Third, when
nickel ions reach 10000mg/kg, the UCS of the solidified contaminated soil will be seriously affected.
Secondly, the strength of the solidified contaminated soil increases with the increase of curing age,
and the early strength increases faster and the later
strength increases slowly. The strength prediction
based on curing age is also given, the function is
           . The strength of
the solidified contaminated soil increases with the
increase of CFG. The increase of CFG content will
promote the formation of hydrated products and
form more skeleton of cement stone. The cementation between the hydrated products and the soil particles will also be strengthened, which is beneficial
to the improvement of the compressive strength of
the soil specimen.
Thirdly, the concentration of heavy metal ions
has a great influence on the stress-strain curve of the
sample, and the influence of the concentration of
heavy metal ions on the stress strain curve is consistent with the influence on the strength. The first is
that the concentration of heavy metals is slightly
lower, and the stress-strain curves are very close to
those without heavy metals. The second is the medium concentration, the greater the influence, the
slower the upward trend of stress-strain curve. The
third is the high concentration and severe influence.
The growth of the curve stress is obviously lagged
behind the curve without heavy metal and low concentration, showing plastic failure. The relationship
function between failure strain and UCS is established, the relationship function is
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ported that the protected grape cultivation area
reached over 130,000 ha, which accounts for about
20% of the total grape cultivation area in China [1].
Some grape planters follow this cultivation trend
without considering the local climate, that has led
to lots of problems in the production process (e.g.,
unreasonable investment structure, redundancy of
production input factors, and inefficient resource
use, etc.). These problems increase potential environmental pollution and affect the sustainable development of the industry. On the other hand, protected cultivation consumes larger amount of production goods, energy, and other resources for the
sake of environmental factor control and grape
management, which undoubtedly leads to more
economic cost and environmental stress.
The efficient use of energy is one of the core
contents of sustainable agricultural practices, so the
effectiveness of energy utilization is a significant
index of evaluating the efficiency and environmental impact of a production system [2]. The energy
consumption of a production system can be reduced
by improving energy efficiency, thereby enhancing
the economic benefits and alleviating the ecological
pressure. Accordingly, it is imperative to analyse
the energy consumption and efficiency of protected
grape production system in China.
Energy accounting is the base of energy
efficiency evaluation in a production system. This
approach enables researchers to acquire the raw
data concerning the consumption quantities of materials and labours firstly, then the energy consumption data can be obtained by the calculating results
of raw data multiplied by the energy equivalent [2].
Worldwide studies have been conducted by many
researchers to analyse the energy consumption of
various fruits and crops production [3, 4]. The energy inputs normally include human and animal
labour, electricity, diesel, fertilizers, and seeds,
whereas the energy output is generally described as
grain and straw for cereals crops, crop yield and
pruning residues for fruits. Some insignificant input
and output items could be omitted for simplifying
the analysis. These authors also classified energy
input into direct energy (DE), indirect energy
(IDE), renewable energy (RE) and non-renewable
energy (NRE) [5-7]. DE always covers diesel, human labour, and electricity, whereas IDE includes

Efficient energy utilization and energy management are one of the important approaches to
improve the sustainable development of agricultural
production system. This paper aims to evaluate the
energy efficiency of protected grape cultivation in
China and explore the spatial features among different production regions. First, the energy inputoutput indicators were identified based on the analysis of production process, then the DEA-based
energy efficiency evaluation model was built and
spatial autocorrelation analysis method was determined. Afterwards, raw data about energy consumption of sampled vineyards were acquired in
the main production counties for protected grape
cultivation. Subsequently, DEAP 2.1, ArcGIS 10.2,
OpenGeoDa softwares were applied to process the
data, evaluate energy efficiency and analyze spatial
correlation. Results revealed that average energy
input and output of Chinese protected grape production in 2015 were 214,705.16 MJ ha−1 and
51,769.06 MJ ha−1 respectively. The main energy
inputs was chemical fertilizer, followed by pesticide and plastic. The TE, TPE and SE were 0.707,
0.792 and 0.882. Technical efficiency had a positive spatial correlation in the global spatial autocorrelation analysis, and also passed the test of significance. For the local autocorrelation, the regions
with high TE are distributed in Central China,
which include Henan and Hubei Provinces, as well
as parts of South China, including Guangxi Province.


*(!#$
Energy efficiency, spatial feature, protected grape, data
envelopment analysis (DEA), spatial autocorrelation

 %#!&%! 

Protected grape cultivation can break the spatial and seasonal restrictions of grape production by
providing relatively controllable environmental
conditions, such as appropriate temperature and
humidity. It is a highly intensive agricultural production mode with a better economic benefit, thereby it emerges in China in recent years. It was re-
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seeds, chemicals, fertilizers, farmyard manure,
water for irrigation, and machinery. RE comprises
human labour, farmyard manure, seeds, and water
for irrigation, whereas NRE covers diesel fuel,
machinery, electricity, fertilizers, and chemicals
[8]. Among which, Torki-Harchegani et al. [9]
analyzed the energy input and output in the almond
production in Iran, they identified the total energy
input and total energy output of almond production
were respectively 62.5GJ ha-1 and 140.2 GJ ha-1,
and the average values of DE, IDE, RE, and NRE
were 41.6 (66.63%), 20.9 (33.36%), 18.3 (29.21%),
and 44.2 GJ ha-1 (70.79%) respectively. For grape
production, Ozkan et al. [10] found that the total
input energy in the greenhouse and open-field production were 24,513.0 MJ ha-1 and 23,640.9 MJ ha1
, respectively. However, the output energy of
greenhouse grapes (i.e., 73,396.0 MJ ha-1) was
lower than that of open-field grapes (120,596 MJ
ha-1). Energy input–output analysis was also extensively applied in the production of prune, maize,
sugar beet, cotton, plum, and organic grape [11-16].
Energy efficiency is a significant index of assessment the energy utilization and environmental
impact of a production system. The methods of
calculating energy efficiency can be classified into
the non-parametric and parametric methods. Nonparametric methods include the data envelopment
analysis (DEA) and free disposable hull (FDH).
Whereas, the stochastic frontier analysis (SFA) is a
typical parametric method. The advantage of the
non-parametric methods is that it constructs the
frontier production function model based on the
observation data and doesn’t need assuming the
relationship between the input and output variables
[17].
DEA (Data Envelopment Analysis) is a nonparametric method for the multi-criteria decision
and performance measurement. Cooper et al. introduced DEA to calculate the efficiencies of decisionmaking unit (DMU) [18], since then, many researchers conducted abundant theoretical and empirical research concerning DEA. Now DEA has
developed into an efficient calculation and analysis
tool for performance measurement and evaluation,

which is known for its widespread application in
different types of entities engaged in a wide variety
of activities in many contexts worldwide [19].
Efficiency is generally defined as technical efficiency (TE), pure technical efficiency (PTE), and scale
efficiency (SE) [20]. Mousavi-Avval et al. [21]
applied the non-parametric method of DEA to analyze the energy efficiency of barberry production in
Iran, they found the average TE of small farms (i.e.,
0.66) was higher than that of large farms (i.e.,
0.50). Moreover, PTE of small and large farms
were 0.80 and 0.81, respectively; and SE were 0.82
and 0.62 in small and large farms, respectively.
Similarly, Mousavi-Avval et al. [21] and NabaviPelesaraei et al. [22] carried out the similar research.
It can be found from literature review that energy accounting and energy efficiency evaluation
are meaningful approaches to assess the ecoenvironment impact for agricultural production
system. Some authors focused on the energy issue
of grape cultivation [12], yet they just calculated
the energy input and output and didn’t evaluated the
energy efficiency using econometric method. This
study estimated the energy consumption and efficiency of protected grape production in China
based on the sampled data. In addition, we performed a spatial autocorrelation analysis using
ArcGIS 10.2, and provided suggestions for the
sustainable improvement of protected grapes cultivation. The remainder of this paper is organized as
follows. Section 2 analyzes the protected grape’s
production process, as well as selects the energy
input indicators (i.e., water, labor, electricity, plastic film, steel, iron, chemical fertilizer, organic
fertilizer, and pesticides) and output indicator (i.e.,
grape yield), and then constructs the energy efficiency evaluation model and determines spatial
autocorrelation analysis method. s. Section 3 accounts the energy consumption and assesses the TE,
PTE, and SE of protected grape production system,
and further reflects the spatial characteristics of the
energy efficiency. Lastly, Section 4 puts forward
the conclusion.
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$@;</5 The types and quantities of energy consumption are firmly connected with the growth
process of grapes. Hence, the protected grape production process should be firstly analyzed. This
study discovered the typical process of Chinese
protected grape production system through a survey
and the existing literature (Figure 1).
The production process was divided into two
phases as shown in Figure 1. The first phase is the
one-time production part, which includes the vineyard construction, seeding, and plant colonization.
This phase needs a one-time energy input and the
energy consumption should be apportioned in the
lifetime of the vineyard. In the first phases, the
energy consumption indicators involve steel frame,
plastic film, iron wire and concrete column. The
second phase is the annual production part, which
involves various agricultural operations during the
growth stage of the grapes. The annual production
content can be divided into four stages, namely,
germination, growth, fruit, and dormancy stage.
Each stage contains various agricultural operations,
with each operation employing energy input and
energy output indicators. The energy input items
include fertilizer, pesticides, human labor, water for
irrigation, electricity, and so on. Some input and
output indicators that accounted for extremely few
part are elided. Finally, this study selects nine energy input indicators: iron wire, steel, plastic film,
labor force, chemical fertilizer, pesticides, organic
fertilizer, water for irrigation, and electricity. The
energy output indicator is grape yield.

6/:1@ -+4-=4+<376 5/<27.; The primacy
data of production goods were calculated into the
energy data by the following equation [2]:
E= M * λ
[1]
Ε=
[2]
th
Where E is the  energy consumption, M is
the raw data of materials and labor consumption, λ
is the energy equivalent,  is the th production good,
and E is the total energy consumption quantity.

data without requiring explicit production function
[25]. DEA requires only a few assumptions, it has
also opened up possibilities for use in cases that
have been resistant to other approaches because of
the complex (often unknown) nature of the relationships between multiple inputs and outputs involved
in DMUs [18].
DEA includes two models: the Charnes–
Cooper–Rhodes (CCR) model assumes the constant
returns to scale (CRS), whereas the Banker–
Charnes–Cooper (BCC) model assumes the variable returns to scale (VRS) [25]. The CCR model
measures TE by which DMUs are evaluated for
their performance relative to other DMUs in a sample [26]. The BCC DEA model decomposes TE
into PTE for the management factors and SE for the
scale factors [27, 28]. Both models use a radial
efficiency measure, that is, all inputs and outputs
are adjusted proportionally. DEA also involves two
available approaches to estimate the efficient frontier, namely, input-oriented and output-oriented.
This study only has one output, while multiple
inputs are used. In addition, farmers are more controllable over the inputs rather than the output levels; thus, an input-oriented approach appears to be
considerably reasonable in the current study.
The CCR model can be defined as follows.
Assuming a set of DMUs exists, with each DMU
(=1, …,) using  inputs
(i=1, …,) and
generating  outputs

(=1, …,), and under the

condition that constant returns to scale, the DEACCR model can be expressed as follows:


subject to



,+;/. /6/:1@ /003-3/6-@ />+4=+<376
57./4 Since the publication of the original article
by Charnes et al. in 1978 [23], Data envelopment
analysis (DEA) has developed rapidly. DEA is a
useful econometrical technique for evaluating the
relative efficiency of a series of decision making
units (DMUs) via the calculation of efficient production frontier [8]. Therefore, DEA provides an
effective solution within a homogeneous set of
comparable DMUs that allows the identification of
units that exhibit best practices and form an
efficient production frontier [19, 24].As a typical
non-parametric method, DEA determines efficiencies of DMUs directly from the input and output





[3]

unrestricted.
For the BCC model, the following constraint
must be added:



[4]
Where ε > 0 is a non-Archimedean element
defined to be smaller than any positive real number.
The results are TE (
) and PTE (
)), which
are distributed from zero to unity. If
<1, then
<
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of the individual Moran index values [32]. The Zscore is defined as follows:
,
[8]

DMU’s technology is inefficient, and TE are identified with failures to achieve the best possible output
levels or usage of excessive amounts of inputs [25].
However, a DMU can be a boundary point
(
=1)
= and also be technically inefficient. An
inefficient DMU can be made considerably efficient
by projection onto the frontier. In an input orientation, efficiency is improved through the proportional reduction of inputs, whereas an output orientation
requires the proportional augmentation of outputs
[18].
SE shows the effect of the size of DMU on the
efficiency of the system. That is, SE simply indicating that a few components of the inefficiency refers
to the inappropriate size of DMU; if DMU is
moved toward the best size, then the overall
efficiency (i.e., TE) can be improved at the same
technical level (i.e., inputs) [29]. The scale efficiency of DMU can be further measured as follows:
.

Where Ε
refers
to the mathematical expecr
tation and
refers to the population variance.
The critical Z-score values when using a 99%
confidence level have standard deviations between
−2.58 and +2.58 [33]. The positive or negative
value of Z-score means the clustering feature or
discrete character of data. The p-test is tightly relevant to the Z-score, which indicates the probability
that the observed space model was created by a
stochastic process. Therefore, the comprehensive
result of the Z-score and the p-test is the criterion to
estimate whether to accept null hypothesis.
Local Spatial Autocorrelation Analysis. Global statistics suggest that all parts of a study area can
be accurately modeled by a single value, whereas
local statistics reveal the inaccuracy of this assumption by depicting the heterogeneity in different parts
of a region [34].
The local spatial autocorrelation method could
solve the issue of global spatial autocorrelation,
which could not appropriately quantify the relationships in all parts of the study area in sufficient detail
[35]. The local spatial autocorrelation analysis can
be used to analyze the spatial correlation characteristics between a geographic region and its surroundings [36]. The local spatial autocorrelation is extensively measured using the Anselin Local Moran’s 
[37].
Anselin Local Moran’s I could identify the
statistical significance of high values, low values,
and spatial clusters [32]. Many similarities and
heterogeneous points are clustered based on the
weight of the data sets, as well as measure the local
spatial characteristics by calculating the Anselin
Local Moran's  indices.
The Anselin Local Moran's  index is defined
as follows [38]:

[5]

$8+<3+4 =<7-7::/4+<376 6+4@;3; To reveal
the spatial features, the study should explore the
space dependencies of the object and perform spatial autocorrelation analysis. The spatial autocorrelation analysis method includes the global and local
spatial autocorrelation analyses were adopted to
explore the spatial correlations among different
vineyards.
Global Spatial Autocorrelation Analysis. The
global spatial autocorrelation analysis is used to
describe the spatial distribution characteristics
among different spatial units. Moran’s I is an evaluation indicator commonly used in spatial autocorrelation analysis, which could reflect the spatial
aggregation degree of all or local spatial units [30].
Moran’s I index is calculated as follows:
[6]
[7]

[9]

Where  is the number of spatial units indexed
by  and ;
and
are mean TE values of the
,

protected grape production system that are located
in spatial positions  and  respectively; refers to
the average value of all the DMUs’ TEs; and
is

Where  ≠ ;

and

[10]
aare the mean TEs

(
) of the protected grape producers located in
spatial positions  and , respectively; and ij is the
spatial weight that can be defined as the inverse
distance between positions  and ; Ii>0 indicates a
positive local spatial autocorrelation and implies
that the two autocorrelation types include the high–
high cluster type (i.e., high values in a high value
neighborhood) and low–low cluster type (i.e., low
values in a low value neighborhood); Ii<0 indicates
a negative local spatial autocorrelation and implies
that the two autocorrelation types include the high–

mean the adjacent relationship of the DMU  and ,
and equals 1 when the two are adjacent and 0 otherwise.
The values of the Moran’s I index range from
−1 (perfect dispersion) to +1 (perfect correlation).
A zero value indicates a random spatial pattern of
the observed value. A positive value indicates a
positive spatial correlation, whereas a negative
value indicates negative spatial correlation [31].
The Z-scores were used to indicate the significance
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tion season, the vine owners finished the production
logs and returned them to the researchers. 300 production logs were handed out and 287 were reclaimed. After excluding the invalid records that
lacking key items and including logic errors, 269
valid samples distributed in 81 counties were obtained.
The decision-making unit in this study was
designated as the county administrative regions, so
using the spatial weight matrix of “adjacency” was
inappropriate because the sampled administrative
areas were not geographically adjacent. Therefore,
the weight of the K-nearest neighbor was the appropriate spatial weight option to ensure that each
administrative region has four adjacent areas [36].
Energy data of the vineyards in the same
county were averaged to represent the energy consumption level of the county. Thereby, a total of 81
DMUs were generated and used to evaluate the
energy efficiency of protected grape production.
Raw data were organized and processed in Excel
2010. The calculation of energy efficiency was
conducted by DEAP 2.1 software. The global spatial autocorrelation analysis was performed using
the ArcGIS 10.2 software and the local spatial autocorrelation analysis was conducted in OpenGeoDa software.

low outlier type (i.e., a high value in a low value
neighborhood) and low–high outlier type (i.e., a
low value in a high value neighborhood) [35, 39].

+<+ 744/-<376 +6. ":7-/;;361 The data
were collected with the support of Chinese Agricultural Research System (CARS-29) in 2015, which
is a nationwide research team that focuses on the
grape and wine industry. Firstly, 81 main protected
grape producing counties in 18 provinces in China
were identified as the target research areas, the 18
provinces are presented in Figure 2, it can be seen
that the protected grape production are mainly located in the eastern, northern and coastal part of
China, with a few samples located in the west and
southwest, such as Xinjiang and Sichuan. Then, 3-5
typical vineyards in each main county were picked
out as the sampled vineyard, and finally a total of
300 protected vineyards were selected as the target
samples. The production log books were designed
based on the literature review, expert interviews,
and field survey on the protected grape cultivation,
then were distributed to the protected vineyard
owners in the sampled vineyards at the beginning of
the production season. The owners were requested
to record the details of production goods inputs and
outputs in their vineyards. At the end of the produc
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Item
A.
Inputs
Steel
Iron wire
Water
Electricity
Chemical fertilizer
Organic fertilizer
Pesticide
Plastic film
Labor force
Total energy input
B.
Output Grape

Average
(MJ ha-1)

Energy
equivalents[40]

SD (MJ ha-1)

Min (MJ ha-1)

Max(MJ ha-1)

31,598.63
3,774.53
1,338.30
9,484.06
67,955.03
4,859.75
43,855.89
40,865.05
10,974.15
214,705.16
51,769.06

46,860.80 (Kj Kg-1)
15,815.52 (Kj Kg-1)
1020(Kj m-3)
3,598.24(Kj KWh-1)
38,213.87 (Kj Kg-1)
300 (Kj Kg-1)
1020,896.90 (Kj Kg-1)
51,931.81 (Kj Kg-1)
12,600 (Kj d-1)

41,259.42
2,266.50
1,340.72
6,407.19
3,4057.81
3,862.43
35,354.84
30,939.56
3,788.31
102,103.57
15,323.04

1,303.90
1,008.24
237.55
3,029.96
28,394.27
913.55
13,169.57
8,341.49
2,646.00
74,910.43
31,999.39

138,365.61
8,218.22
4,377.56
27,907.85
167,153.20
14,459.80
145,222.60
148,461.00
16,216.20
448,767.97
74,623.00

2,205.80 (Kj Kg-1)
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6/:1@ 76;=58<376 --7=6<361 Table 1
presents the results of the energy accounting and
the energy equivalents used to calculate the
amounts of each energy input and output item. The
results show that the averages energy input and
output of the protected grape production in 2015
was 214,705.16 MJ ha−1 and 51,769.06 MJ ha−1
respectively. The fact that the energy output is
substantially less than the energy input indicates the
unreasonable resource utilizations and operations in
the Chinese protected grape production. An extensive variation is discovered in the total energy input
(i.e., ranging from 74,910.43 MJ ha−1 to 448,767.97
MJ ha−1 with a standard deviation of 102,103.57)
and energy output (i.e., ranging from 31,999.39 MJ
ha−1 to 74,623.00 MJ ha−1 with a standard deviation
of 15,323.04). These results indicate that a difference exists among different production regions, and
an immense opportunity is presented to improve the
energy efficiency for protected grape production in
China. Therefore, DEA was applied in this study to
analyze the efficiencies of the protected grape production based on the energy consumption from
different sources.
Figure 3 shows the distribution of the different
sources for the Chinese protected grape production.
The proportion of the energy inputs are as follows:

chemical fertilizer (32%), pesticide (20%), plastic
film (19%), steel (15%), labor force (5%), electricity (4%), iron wire (2%), organic fertilizer (2%), and
water (1%). Chemical fertilizer was the major input
followed by pesticide and plastic film. In the research of Khoshroo et al. [43], energy input and
output of Iran’s grape were 45,303.15 MJ ha-1 and
15,344.56 MJ ha-1, respectively. Compared with
Iran’s result, energy input in China’s protected
grape has a much higher value, and energy output
has a lower value. On the one hand, resources used
in protected cultivation are larger than those in
open-field cultivation; on the other hand, excessive
resources input does exist in China’s protected
viticulture.

6/:1@ 003-3/6-@ >+4=+<376 :/;=4<; ,+;/.
76  The efficiency score distribution of Chinese protected grape cultivation are illustrated in
Fig. 4. The CCR results indicate that 26 DMUs
were relatively efficient with a TE score of 1,
whereas the remaining 55 DMUs are inefficient.
Furthermore, 38 inefficient DMUs are in the range
[0.3, 0.7]. The results of the BCC model indicate
that 36 DMUs got the PTE score of 1, while the 27
DMUs achieved the SE score of 1. Compared with
TE and PTE, SE is extensively distributed in the
substantially high value range [0.8, 1].
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Energy score
Average
Min
Max
Ratio of efficient
Technical efficiency
0.707
0.187
1
32.1%
Pure technical efficiency
0.792
0.188
1
44.4%
Scale efficiency
0.882
0.338
1
33.3%

% 
758+:3;7670.300/:/6<-:78A;/6/:1@/003-3/6-3/; [22, 27, 28, 41-43]
Item
Region
TE
PTE
SE
reference
Grape
Iran
0.723
0.881
0.797
[41]
Apple
Iran
0.786
0.898
0.867
[28]
Orange
Iran
0.894
0.965
0.922
[22]
Kiwifruit
Iran
0.942
0.993
0.948
[27]
Wheat
Iran
0.940
0.950
0.980
[42]
Rose
Iran
0.680
0.830
0.790
[43]
The distribution of the efficiency scores shows
that approximately 2/3 of DMUs are technically
inefficient (Figure 4). This result reveals that the
Chinese protected grape production’s energy performance is inadequate and varied in terms of development levels. Most of the sampled vineyards
have problems on the distribution of energy input
and management of vineyard standardization. Accordingly, enormous resources are invested into the
protected grape production to obtain a substantially
high grape yield. Excessive inputs, such as chemical fertilizer, pesticides, and plastic film, cannot
produce substantially high economic benefits but
seriously pollute the environment and harm human
health.
Table 2 presents the summarized statistics of
TE, PTE, and SE of the 81 DMUs. TE varied from
0.187 to 1 with an average score of 0.707. Evidently, the wide variation in TEs of DMUs indicates
that grape producers in China utilized inputs in an
imbalanced pattern and that the operating performances are inefficient. PTE is a production efficiency, which is effected by management and technology factors [30]. The efficient ratio of PTE is

44.4%, that is, 44.4% of all technology and management levels of DMUs had reached the optimal
value. The high average of SE (i.e., 0.882) indicates
that farmers of protected vineyards utilize energy
resources in a relatively productive scale size.
Table 3 shows the comparison of different
crops’ energy efficiencies, with crops including
fruits crop, grain crop and cash crop. Compared
with other crops, grape’s energy efficiencies have
relatively low scores, and it also reveals that the
grape production in Iran is more efficient than that
in China. Thus, to obtain improved economic benefits, large quantities of resources (e.g., chemical
fertilizer, pesticides, plastic film, etc.) are applied in
the Chinese protected grape production without
reasonable planning. The excessive investment on
chemical fertilizer and pesticides cannot achieve an
ideal output and lead to low energy efficiency and
serious environmental problems. Nevertheless,
China has a higher SE of 0.882 than Iran’s 0.797,
thereby suggesting that the Chinese protected grape
industry needs to optimize the structure of the input
resources rather than merely expand production
scale.
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$8+<3+4 2+:+-</:3;<3-; 70 6/:1@ 003-3/6
-@. Figure 5 shows the spatial distribution of the
Chinese protected grape production’s TE in 2015. It
indicates the regions with high TE scores are generally concentrated in such provinces as Hubei, Henan, Guangxi, and Heilongjiang. The protected
vineyards in these regions have a considerably
reasonable energy input–output structure and advantageous geographical location. The protected
vineyards in Guangxi can increase the yield by
utilizing the two-harvest-a-year cultivation technique, and consequently enhance the energy outputs. Areas of the regions with low TE scores are
distributed in eastern coastal China, such as Shanghai, Jiangsu, Zhejiang, and Fujian because these

regions considerably focused on the grapes’ quality
rather than the yield. Moreover, they even control
the grape yield strictly to obtain superior quality
grapes, which leads to the decrease of grape yield
and energy output. The other vineyards with low
TE scores are concentrated in Beijing, Tianjin,
Anhui, and part of Sichuan. It is found that the
energy input in these regions is greater than those in
other regions, and energy output was likewise less
than those in the other regions. Therefore, excessive
resource consumption should be reduced and vineyard management level must be improved to
achieve a substantially ideal energy input–output
structure in these regions.
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The global spatial autocorrelation analysis results are displayed in Figure 6. The Z-value is 4.45,
which is over 2.58, and P-value was below 1%,
thereby revealing the extremely low probability of
having random distribution in energy efficiency.
The Moran’s I index is 0.30, which represents a
positive spatial autocorrelation characteristic of the
efficiency of the vineyards. The global spatial autocorrelation analysis reveals that the spatial distribution of the Chinese protected grape producers’ TEs
in 2015 have significantly positive spatial autocorrelation.
The results of the global spatial autocorrelation evaluation represent the strong regional continuity in the energy utilization level of the Chinese
protected grape production. That is, the region has a
high energy efficiency score and the energy efficiency scores of the surrounding regions are also
relatively high. The reason can be presented from
two aspects, on the one hand, the geographical and
climatic conditions immensely influence agricultural operations, particularly in the input-output quantities and structures of the resources, and the quantities and structures present the similarity in the adjacent regions. On the other hand, the grape production policies are also a factor that affects the viticulture condition in China. These policies evidently
display regional characteristics.
The local autocorrelation analysis results of
the Chinese protected grape production in 2015 are
presented in Figure 7. This figure shows the local
Moran’s  index in a clear and visible way and
divides all samples into five types: high–high,
high–low, low–high, low–low, and not significant.
The graph shows five counties belonging to the H–
H type, including the south of Henan Province
(Suixian, Biyang, and Tanghe), northeast of
Guangxi Province (Linchuan and Lingui). The 16

counties of L–L type are mostly distributed in Beijing, Jiangsu, Zhejiang, Shanghai, and Fujian. Several counties belong to the L–H and H–L types. The
remaining counties are considered insignificant.
The units with the H–H type have relatively
high TE scores. In addition, the differences between
them and their surroundings are small, thereby
indicating that they have a superior energy structure
and advanced technologies that reduce unnecessary
energy inputs, as well as utilize the low energy
costs to achieve high yields. Furthermore, these
counties have plenty of contact with their surroundings, which was good for the mutual technical
communication to promote the grape production’s
common development. The counties with the L–L
type are generally located in eastern coastal China
and are well-known for high-quality and fine appearance of grapes. The vineyards in these regions
were provided with a refined management to control the size of grape berries and the appearance of
grape clusters. Although grape yields in these regions are relatively few, the sale prices of grapes
are higher than those in most regions in China. In
this respect, high economic benefits don’t equate to
high energy efficiencies, and this may be the limitation of the energy efficiency evaluation.
! &$! $
The main objectives of this study are to analyze the energy efficiency of the Chinese protected
grape production based on the survey data, as well
as evaluate the regional distribution and spatial
characteristics of energy efficiency. The main results are as follows:
The average total energy input and output of
the protected grape production are 214,705.16 MJ
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ha−1 and 51,769.06 MJ ha−1, respectively. Chemical
fertilizer is the maximum energy input item with
the proportion of 32%, followed by pesticide, and
plastic film with the percentages of 20% and 19%
in the total energy consumption.
The average TE, TPE, and SE scores of the
Chinese protected grape production are respectively
0.707, 0.792, and 0.882. Only a few producers
completely utilized the energies and resources.
Moreover, only 32.1% of the 81 DMUs are efficient
in terms of TE.
The global spatial autocorrelation analysis
shows that Moran’s I index, Z-value and P-value is
0.30, 4.45 and <1%, respectively, showing that the
spatial distribution of the producers’ TEs in 2015
have significantly positive spatial autocorrelation
and pass the test of significance of the confidence
level of 99%. The results of local spatial autocorrelation analysis reveal that countries with relatively
high TE scores are located in Central China, including Henan and Hubei; and part of South China,
including Guangxi. Regions with low TEs are distributed in the eastern coastal China, particularly in
Jiangsu, Zhejiang, Shanghai and Fujian. The results
indicate that Chinese grape producers should focus
on the spatial correlation of the production regions
and adjust the relationship between the economic
benefits and energy efficiency.
It is recommended that the future development
of Chinese protected grape production should focus
on improving PTE by optimizing the operation
management, avoiding blind overinvestment of
resources (e.g., adjusting the proportion of energy
inputs), and reducing the excessive use of chemical
fertilizer, pesticides, and plastic film. To achieve a
healthy production level, producers should manage
their vineyard based on the actual local situation
and market demands.

[3] Hatirli, S.A., Ozkan, B. and Fert, C. (2005) An
econometric analysis of energy input–output in
Turkish agriculture. Renewable and Sustainable Energy Reviews. 9(6), 608-623.
[4] Beigi, M., Torki-Harchegani, M. and Ghanbarian, D. (2015) Energy use efficiency and
economical analysis of almond production: a
case study in Chaharmahal-Va-Bakhtiari province, Iran. Energy Efficiency. 9(3), 745-754.
[5] Houshyar, E., Dalgaard, T., Tarazkar, M.H. and
Jørgensen, U. (2015) Energy input for tomato
production what economy says, and what is
good for the environment. Journal of Cleaner
Production. 89, 99-109.
[6] Nabavi-Pelesaraei, A., Rafiee, S., Hosseinzadeh-Bandbafha, H. and Shamshirband, S.
(2016) Modeling energy consumption and
greenhouse gas emissions for kiwifruit production using artificial neural networks. Journal of
Cleaner Production. 133, 924-931.
[7] Zhang, X., Pan, H., Cao, J. and Li, J. (2015)
Energy consumption of China’s crop production system and the related emissions. Renewable and Sustainable Energy Reviews. 43,
111-125.
[8] Zhou, P., Ang, B.W. and Poh, K.L. (2008) A
survey of data envelopment analysis in energy
and environmental studies. European Journal
of Operational Research. 189(1), 1-18.
[9] Torki-Harchegani, M., Ebrahimi, R. and Mahmoodi-Eshkaftaki, M. (2015) Almond production in Iran: An analysis of energy use efficiency (2008–2011). Renewable and Sustainable
Energy Reviews. 41, 217-224.
[10]Ozkan, B., Fert, C. and Karadeniz, C.F. (2007)
Energy and cost analysis for greenhouse and
open-field grape production. Energy. 32(8),
1500-1504.
[11]Asgharipour, M.R., Mondani, F. and Riahinia,
S. (2012) Energy use efficiency and economic
analysis of sugar beet production system in
Iran: A case study in Khorasan Razavi province. Energy. 44(1), 1078-1084.
[12]Rahman, S. and Rahman, M.S. (2013) Energy
productivity and efficiency of maize accounting for the choice of growing season and environmental factors: An empirical analysis from
Bangladesh. Energy. 49, 329-336.
[13]Tabatabaie, S.M.H., Rafiee, S., Keyhani, A.
and Ebrahimi, A. (2013) Energy and economic
assessment of prune production in Tehran province of Iran. Journal of Cleaner Production.
39, 280-284.
[14]Baran, M.F., Oguz, H.I. and Gokdogan, O.
(2017) Determination of Energy Input-Output
Analysis in Plum (Prunus domestica L.) Production. Erwerbs-Obstbau. 59(4), 331-335.

 !( %$
The research was supported by the National
Natural Science Foundation of China under Grant
No. 41501585


## $
[1] Feng, J., Wang, J., Zhang, X., Zhao, F.,
Kanianska, R. and Tian, D. (2015) Design and
Implementation of Emergy-Based Sustainability Decision Assessment System for Protected
Grape Cultivation. Sustainability. 7(10),
14002-14025.
[2] Hamedani, S.R., Shabani, Z., and Rafiee, S.
(2011) Energy inputs and crop yield relationship in potato production in Hamadan province
of Iran. Energy. 36(5), 2367-2371.

8986

#"

 $  









  !




[27]Mohammadi, A., Rafiee, S., Mohtasebi, S.S.,
Mousavi Avval, S.H. and Rafiee, H. (2011) Energy efficiency improvement and input cost
saving in kiwifruit production using Data Envelopment Analysis approach. Renewable Energy. 36(9), 2573-2579.
[28]Mousavi-Avval, S.H., Rafiee, S. and Mohammadi, A. (2011) Optimization of energy consumption and input costs for apple production
in Iran using data envelopment analysis. Energy. 36(2), 909-916.
[29]Nassiri, S.M. and Singh, S. (2009) Study on
energy use efficiency for paddy crop using data
envelopment analysis (DEA) technique. Applied Energy. 86(7-8), 1320-1325.
[30]Zhang, L., Wang, J., Wen, H., Fu, Z. and Li, X.
(2016) Operating performance, industry agglomeration and its spatial characteristics of Chinese photovoltaic industry. Renewable and
Sustainable Energy Reviews. 65, 373-386.
[31]Melecky, L. (2015) Spatial Autocorrelation
Method for Local Analysis of the EU. Procedia
Economics and Finance. 23, 1102-1109.
[32]Schneuwly-Bollschweiler, M., Corona, C. and
Stoffel, M. (2013) How to improve dating
quality and reduce noise in tree-ring based debris-flow reconstructions. Quaternary Geochronology. 18, 110-118.
[33]Sarp, G. (2014) Evolution of neotectonic activity of East Anatolian Fault System (EAFS) in
Bingöl pull-apart basin, based on fractal dimension and morphometric indices. Journal of
Asian Earth Sciences. 88, 168-177.
[34]Fotheringham, A.S., Brunsdon, C. and Charlton, M. (2002) Geographically Weighted Regression_ The Analysis of Spatially Varying
Relationships. International Union of Crystallography.
[35]Wang, H., Cheng, Q. and Zuo, R. (2015) Quantifying the spatial characteristics of geochemical patterns via GIS-based geographically weighted statistics. Journal of Geochemical Exploration. 157, 110-119.
[36]Tian, D., Zhao, F., Mu, W., Kanianska, R. and
Feng, J. (2016) Environmental Efficiency of
Chinese Open-Field Grape Production: An
Evaluation Using Data Envelopment Analysis
and Spatial Autocorrelation. Sustainability.
8(12), 1246.
[37]Xie, Z. and Yan, J. (2013) Detecting traffic
accident clusters with network kernel density
estimation and local spatial statistics: an integrated approach. Journal of Transport Geography. 31, 64-71.
[38]Anselin, L. (1995) Local Indicators of Spatial
Association—LISA. Geographical Analysis.
27(2), 93-115.

[15]Baran, M.F., Lüle, F. and Gökdogan, O. (2017)
Energy Input-Output Analysis of Organic
Grape Production_ A Case Study from Adiyaman Province. Erwerbs-Obstbau. 59.
[16]Arefi, R., Soltani, A. and Norozei, A.H. (2018)
CO2 emission and GWP of energy consumption in the cotton production in Golestan province of Iran. Applied Ecology and Environmental Research. 16(1), 761-775.
[17]Khoshnevisan, B., Rafiee, S., Omid, M. and
Mousazadeh, H. (2013) Applying data envelopment analysis approach to improve energy efficiency and reduce GHG (greenhouse gas)
emission of wheat production. Energy. 58, 588593.
[18]Cooper, W.W., Seiford, L.M. and Zhu, J.,
(2011) Handbook on data envelopment analysis. Springer US.
[19]Mardania, A., Zavadskasb, E.K., Streimikienec, D., Jusoha, A. and Khoshnoudi, M.
(2017) A comprehensive review of data envelopment analysis (DEA) approach in energy efficiency. Renewable and Sustainable Energy
Reviews. 70, 1298-1322.
[20]Khoshnevisan, B., Rafiee, S., Omid, M. and
Mousazadeh, H. (2013) Reduction of CO2
emission by improving energy use efficiency of
greenhouse cucumber production using DEA
approach. Energy. 55, 676-682.
[21]Mousavi-Avval, S.H., Mohammadi, A., Rafiee,
S. and Tabatabaeefar, A. (2012) Assessing the
technical efficiency of energy use in different
barberry production systems. Journal of Cleaner Production. 27, 126-132.
[22]Nabavi-Pelesaraei, A., Abdi, R., Rafiee, S. and
Mobtaker, H.G. (2014) Optimization of energy
required and greenhouse gas emissions analysis
for orange producers using data envelopment
analysis approach. Journal of Cleaner Production. 65, 311-317.
[23]Charnes, A., Cooper, W.W. and Rhodes, E.
(1978) Measuring the efficiency of decision
making units. European Journal of Operational
Research. 2(7), 429–444.
[24]Ederer, N. (2015) Evaluating capital and operating cost efficiency of offshore wind farms: A
DEA approach. Renewable and Sustainable
Energy Reviews. 42, 1034-1046.
[25]Banker, R.D., Charnes, A.C. and Cooper,
W.W.C. (1984) Some Models for Estimating
Technical and Scale Inefficiencies in Data Envelopment Analysis. Management Science.
9(30), 1078-92.
[26]Cooper, W.W., Seiford, L.M., Tone, K. and
Zhu, J. (2007) Some models and measures for
evaluating performances with DEA: past accomplishments and future prospects. Journal of
Productivity Analysis. 28(3), 151-163.

8987

#"

 $  









  !




[39]Zhang, C., Luo, L., Xu, W. and Ledwith, V.
(2008) Use of local Moran's I and GIS to identify pollution hotspots of Pb in urban soils of
Galway, Ireland. Sci Total Environ. 398(1-3),
212-21.
[40]Luo, S. (2001) Agroecology. China Agriculture Press. Beijing, China.
[41]Khoshroo, A., Mulwa, R., Emrouznejad, A. and
Arabi, B. (2013) A non-parametric Data Envelopment Analysis approach for improving energy efficiency of grape production. Energy. 63,
189-194.
[42]Nabavi-Pelesaraei, A., Hosseinzadeh-Bandbafha, H., Qasemi-Kordkheili, P., KouchakiPenchah, H. and Riahi-Dorcheh, F. (2016) Applying optimization techniques to improve of
energy efficiency and GHG (greenhouse gas)
emissions of wheat production. Energy. 103,
672-678.
[43]Pahlavan, R., Omid, M., Rafiee, S. and Mousavi-Avval, S.H. (2012) Optimization of energy
consumption for rose production in Iran. Energy for Sustainable Development. 16(2), 236241.

#/-/3>/.
   
--/8</.
  


!##$"!  &%!#
3+6@361/61
College of Information and Electrical Engineering,
China Agricultural University,
Beijing, 100083 – China
e-mail: fjying@cau.edu.cn

8988

© by PSP

Volume 27 ± No. 12A/2018 pages 8989-8999

Fresenius Environmental Bulletin

PALAEOENVIRONMENTAL RESEARCH OF THE SOUTH
YELLOW SEA IN THE LAST GLACIATION AND
INTERGLACIAL PERIODS
Guicai Si1, Wei Yang2, Shengyin Zhang1, Gaoqing Zhang3, Yinguo Zhang4, Shuanglin Li4, Tianzhu Lei1,*
1

Key Laboratory of Petroleum Resources Research, Institute of Geology and Geophysics, Chinese Academy of Sciences,
Lanzhou 730000, China
2
Research Institute of Petroleum Exploration and Development-Northwest (NWGI), PetroChina, Lanzhou 730020, China
3
College of Vanadium and Titanium, Panzhihua University, Panzhihua 617000, China
4
China Geological Survey Qingdao Institute of Marine Geology, Qingdao 266071, China

ABSTRACT

INTRODUCTION

The GDGT distribution patterns provide evidence that they might be an indicator for certain
environmental parameters. Proxies based on
GDGTs are increasingly being utilized in palaeoclimatology to reconstruct palaeoenvironmental
parameters. Core sediments collected from the mud
area of the central South Yellow Sea were measured
IRU72&į13C, GDGTs, and related indicators (BIT,
CBT/MBT, etc.) to determine palaeoenvironmental
variations in the South Yellow Sea during the last
glacial-interglacial cycle. The results reveal:
Though the input of aquatic plants in the study area
decreased slightly from 43000 aB.P. to 33370 aB.P.,
material source remained largely unchanged, there
was marine input (mainly aquatic low bacteria algae) rather than any terrigenous input. The climate
warmed during this period. Seawater was alkalescent, and the alkalinity increased as the sediment samples became younger. Alkaliphiles were
the dominant species, and the amount of alkaliphiles increased overall. What¶s more, the South
Yellow Sea was in a cooling climate, which was in
accordance with the global change in the last glacial
period. Sea surface temperature (SST) was more
affected by the last glacial period than mean annual
air temperature (MAAT), it means that SST was
more sensitive to climate changes; over the course
of the period, both the early stage and the late stage
were characterized by the stabilization of environmental change, whereas the middle stage was characterized by diverse environmental fluctuations.

The last glacial period was from approximately 70,000 to 10,000 years ago [1]. During that
time, the global environment was in a relatively
active period, with climate warming and other
phenomena occurring frequently. Research on the
palaeoenvironment can not only inform us about
WKHHYROXWLRQRIWKHHDUWK¶VSDVWEXWDOVRDLGLQWKH
forecast of future climatic trends. Since 1976, China has engaged in systematic research of the environmental changes to the Yellow Sea. Wang [2] has
researched the sea surface and climate change in the
Yellow Sea based on stratigraphy and animal migration. Xu [1] analysed the changes to the natural
environment of the Yellow Sea in the last glacial
period caused by palaeomagnetism and pollen.
Both of the respective investigations were on a
millennium scale, and their conclusions were very
different. Therefore, it is necessary to conduct research on a shorter time scale of the palaeoenvironment.
At present, understanding palaeoenvironmental evolution through microbial lipid compounds
has made considerable progress. Tetraether membrane lipids, i.e., glycerol dialkyl glycerol tetreathers (GDGTs), are the main components of archaeal
and bacterial cell membranes and are detectable in
marine sediments, soil, peat, lake sediments, and
other geological vectors. Lipid biomarkers can record environmental change through variations of
their structures and compositions. Some of the indicators based on GDGTs--MBT (the methylation
index of branched tetraethers) and CBT (the cyclisation ratio of branched tetraethers) are widely
utilized by palaeoclimatologists [3-6], and therefore
have been extensively employed to reconstruct palaeoenvironments in diverse geologic settings such
as those of oceans [7-9], lakes [10-12], peats [13,
14], loess [15, 16], and laterite [17].

KEYWORDS:
the South Yellow Sea, GDGTs, Palaeoenvironment
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dated by foraminiferal 14C.

Slight changes in the environment affect the
variety and composition of the microbial community, thus the study of GDGTs in sediment composition is of great significance to the reconstruction
of the palaeoenvironment. There is very little documented research on the GDGT sediment characteristics, and utilization of the relevant indicators, to
reconstruct palaeoenvironments of the South Yellow Sea in China. Therefore, the preparation of this
paper included collection of core sediment samples
from the mud area in the South Yellow Sea, analysis of the variation of TOC, į13C, and GDGT proxies, and analysis of the geochemical characteristics
of the saturated hydrocarbon extracts during the
glacial-interglacial period. Said parameters, combined with a multi-target comprehensive analysis
and comparison are utilized to discuss palaeoenvironmental changes in the South Yellow Sea during
the last glacial-interglacial cycle and to provide a
reference for future research on the climatic and
environmental changes in the marginal seas of
China.

Total organic carbon and isotopic compositions. Powdered sediment was decarbonated by
using 10% HCl and neutralised by repeated washing with distilled water. The dried bulk sediment
was used for analyzing total organic carbon (TOC)
with a CHN element analysis instrument (Thermo
Flash 2000) and the carbon isotopes composition
with an Isotope mass spectrometer (Thermo Delta
V+Flash 2000). Analytical precision were better
than 0.02% and 0.02Å IRU72& DQG į13C, respectively. The isotope ratio values were reported as:
į13C = [(13C/12C)sample/(13C/12C)VPDB±1] h Å,
(referenced to the Vienna Pee Dee Belemnite
(VPDB)).
GDGTs extraction and separation. Each
freeze-dried sample (ca.10 g) was ultrasonically
extracted (9×) with MeOH (3×), dichloromethane
(DCM)/MeOH (1:1, v/v;3×) and DCM (3×) and all
extracts were combined. The combined extracts
were washed with distilled water to remove water-soluble substances and dried with anhydrous
Na2SO4, with DCM as eluant. The total lipid extracts (TLE) were fractionated into non-polar and
polar fractions using silica gel column chromatography. TLE were eluted with n-hexane/DCM (9:1,
v/v) to obtain the non-polar fraction and with
DCM/MeOH (1:1, v/v) to obtain the polar fraction,
respectively, the GDGTs being in the polar fraction.
The polar fraction was dried under N 2 and
re-dissolved via sonication (15 min) in

MATERIALS AND METHODS
Sampling site. Sediment samples were collected from core which was drilled in the South
Yellow Sea (Fig. 1). The core was drilled in 2012
(36.317765°N, 122.285760°E), at a water depth of
56m. The 25 samples, unconsolidated sediments,
were collected at equal interval (10cm), then stored
in a ±20 °C vacuum freeze drier. The samples were

FIGURE 1
The diagram of the South Yellow Sea and sample locations
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temperature was programmed at 4 °C/min from
80 °C to 290 °C and then held at the final temperature for 30 min. The injector temperature was
290 °C. Helium was used as carrier gas at a constant flow of 1.04 mL/min. The mass spectrometer
was operated at an electron energy of 70 eV with an
ion source temperature at 250 °C. The GC±MS
system was operated in the full scan mode from m/z
50 to m/z 550.

n-hexane/propanol (99:1, v/v) and filtered through
0.45 um polytetrafluoroethylene (PTFE) filter. The
filtrate were condensed and then analyzed for
GDGTs using liquid chromatography±atmospheric
pressure chemical ionization-mass spectrometry
(LC±APCI±MS).
GDGTs analysis was performed on an Agilent
1200 series liquid chromatography with a Prevail
Cyano Column (150 mmh2.1 mm, 3 ȝm), maintained at 40 °C. Injection volume was 10 ul.
GDGTs were eluted isocratically with 99%
n-hexane and 1 % propanol for 5 min, then a linear
gradient to 1.8 % propanol in 45 min. Flow rate was
0.2 mL/min. After each analysis, the column was
cleaned by back flushing n-hexane1isopropanol
(9:1, v/v) at 0.2 ml/min for 10 min. Detection was
achieved using an Agilen 6460 triple-quadrupole
spectrometer MS with atmospheric pressure chemical ionization (APCI) ion source. Conditions for
the APCI/MS conditions are vaporizer pressure 60
psi, vaporizer temperature 400 °C, drying gas flow
5L/min and temperature 200 °C, capillary voltage
3.5 kV and corona current 5 ȝ$ a.2 kV).
Semi-quantification was achieved by addition of an
internal standard, C46 GDGT.

RESULTS
TOC content and stable carbon isotopic
composition. The TOC content of the sediment
samples in this study ranged from 0.78 to 1.10, with
a mean 0.95 (Table 1). The TOCmin was near the
bottom of the core, while the TOCmax was near the
middle of the core. Generally speaking, TOC values
showed no remarkable variation with depth, indicating that there was little change in material
source.
į13C values for organic matter varied from
±ÅWR ±Å3DB, with an average value
of ±Å3'%, which also suggested the homogeneity of the provenance.

Calculations of GDGT proxies. GDGTs indices were calculated as follows [18-21]:
The branched and isoprenoidal tetraether˄BIT˅=

Distribution and abundance of GDGTs. In
general, the samples were dominated by iGDGT,
which contain low concentrations of bGDGT and
were consistent with the characteristics of marine
sediments. iGDGT mainly consist of GDGT0 and
crenarchaeol. The concentration for GDGT0 initially decreased before levelling off, and then increased before stabilizing. The crenarchaeol concentration trend matches that of GDGT0.

(1)
CBT= ±lg[˄ĉb+Ċb˅/˄ĉa+Ċa˅] (2)
CBT=3.33±0.38×pH

(3)

MBT= Ϩ Ϩ Ϩ  Ϩ Ϩ Ϩ)+(Ċa+Ċ
b+Ċc])+(ċa+ċb+ċc])]

Fresenius Environmental Bulletin

(4)
Change Characteristic of BIT Profile. Bacterial bGDGTs, detected in marine sediments, are
produced by anaerobic bacteria of soils and peats
[6,22]. In contrast, crenarchaeol dominates over
bGDGTs in marine sediments. Therefore, bacterial
bGDGTs and crenarchaeol can represent the terrestrial and marine organic inputs, respectively. Hopmans [18] established a novel terrestrial input index,
BIT (Branched and Isoprenoid Tetraether Index), to
assess relative sources of branched GDGTs to sediments. The BIT ranges from 0 to 1. A BIT value of
0 indicates the presence of only crenarchaeol in the
environment, meaning that the material is derived
from a purely marine (or aquatic) source, whereas a
BIT value of 1 indicates that the soil contained only
bGDGTs, meaning that the material is derived only
from a terrestrial source of organic matter [23]. In
this study, the BIT was below 0.1 at all depths (Table 1), reflecting major contributions of marine
organic matter in these samples.

MBT=0.122+0.187×CBT+0.020×MAAT (5)
      


(6)

SST = 56.2*TEX86±10.78

(7)

Extraction and Instrumental analysis of
Saturated hydrocarbons. After being freeze dried,
all sediments sample were ground to a 100-mesh
powder, then the powder samples were ultrasonically-extracted (9×) with MeOH (3×), dichloromethane (DCM)/MeOH (1:1, v/v;3×) and DCM (3×)
and all extracts were combined. The extract was
fractionated by adsorption column chromatography
using a column of silica gel. Saturated hydrocarbons were obtained by successively eluting with
n-hexane.
Saturated hydrocarbons were analyzed using
an Agilent Technologies 6890N GC±5973N mass
spectrometer (GC±MS) equipped with a HP-5 caSLOODU\ FROXPQ  Pî PPî ȝP  7KH
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TABLE 1
General properties of samples and GDGT parameters.
Sample
codes

Sampling
depth(cm)

Miami
Date (yr BP)

TOC (mg/g)

į13C

BIT

CBT

MBT

pH

MAAT

SST

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

50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290

33370
33771.25
34172.5
34573.75
34975
35376.25
35777.5
36178.75
36580
36981.25
37382.5
37783.75
38185
38586.25
38987.5
39388.75
39790
40191.25
40592.5
40993.75
41395
41796.25
42197.5
42598.75
43000

0.97
1.02
1.00
0.89
0.98
1.00
1.04
0.90
1.10
0.89
1.04
0.96
0.95
0.97
0.93
0.89
0.93
0.90
0.88
0.93
0.84
0.78
1.07
0.86
0.93

±22.68
±22.22
±22.62
±23.48
±22.48
±22.63
±22.69
±22.70
±22.65
±22.64
±22.84
±22.50
±22.68
±22.58
±22.56
±22.82
±22.44
±22.45
±22.50
±22.60
±22.36
±22.45
±22.22
±22.22
±22.37

0.033
0.027
0.032
0.030
0.038
0.030
0.035
0.030
0.032
0.042
0.044
0.038
0.036
0.037
0.033
0.032
0.024
0.034
0.030
0.034
0.046
0.048
0.014
0.041
0.022

0.086
0.112
0.058
0.065
0.104
0.116
0.136
0.138
0.048
0.056
0.065
±0.195
0.024
0.052
±0.032
±0.131
0.101
0.091
0.104
0.138
0.196
0.110
0.899
0.104
0.113

0.446
0.464
0.462
0.462
0.471
0.467
0.447
0.460
0.494
0.476
0.481
0.518
0.479
0.490
0.465
0.550
0.525
0.482
0.489
0.479
0.466
0.476
0.573
0.495
0.478

8.538
8.470
8.611
8.592
8.491
8.458
8.406
8.399
8.638
8.617
8.592
9.277
8.699
8.627
8.847
9.108
8.498
8.523
8.488
8.399
8.246
8.473
6.397
8.489
8.467

15.376
16.056
16.444
16.405
16.481
16.185
15.003
15.581
18.135
17.175
17.361
21.639
17.635
17.920
17.461
22.630
19.231
17.140
17.395
16.571
15.348
16.691
14.136
17.700
16.756

9.474
5.766
9.851
10.766
9.261
9.957
7.192
11.434
11.072
9.216
11.781
10.088
8.961
11.306
11.045
11.662
10.655
9.982
11.292
12.298
9.977
11.058
-6.211
13.652
10.938

TOCtotal organic carbon, BIT-branched and isoprenoid tetraether index, CBTcyclisation ratio of branched tetraethers,
MBTmethylation index of branched tetraethers, 0$$7PHDQDQQXDODLUWHPSHUDWXUH, SSTsea surface temperatures.

FIGURE 2
Down-core variation of TOC, į13C, BIT, pH, MAAT, SST, ACL, Paq in the South Yellow Sea sediment core.
TOC-total organic carbon; BIT-branched and isoprenoid tetraether index; MAAT-mean annual air temperature;
SST-sea surface temperatures.
ACLn-alkane=(23×C23+25×C25+27×C27+29×C29+31×C31+33×C33)/(C23+C25+C27+C29+C31+C33);
Paq=(C23+C25)/(C23+C25+C29+C31) n-alkanes

to 9.277, was generally alkaline (approximately 8.5)
between 43000 and 33370 a.B.P..

Estimation of CBT, MBT and pH. In this
study, the cyclisation ratio of branched tetraethers
(CBT) ranged from ±0.195 to 0.233, with an average of 0.074. Methylation index of branched tetraethers (MBT) ranged from 0.277 to 0.466 (Table 1),
with a mean MBT value of 0.400. A smaller MBT
value indicates a more recent sample.
The pH of seawater, which ranged from 8.150

Change Characteristic of MAAT, SST Profiles. The sea surface temperature (SST) is arguably
one of the most important parameters in the marine
environment. The significant fluctuation in the sea
surface temperature during the glacial-interglacial
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Biomarker characteristic. Almost all of the
sediment core samples collected from different
depths in the mud area of the central South Yellow
Sea have a wide distribution of carbon numbers
ranging from 15 to 34 (Fig. 3). Average chain
length (ACL) had a slight downward trend (Table
2). Sample values for Paq (a hydrocarbon-based
proxy for input derived from submerged/floating
aquatic macrophytes) ranged from 0.254 to 0.663
with a mean of 0.445. All of the Pr/Ph ratios were
less than 1 in this study (The sample Pr/Ph ratios
ranged from 0.098 to 0.736) and the ratios of
Pr/nC17 (ranging from 0.163 to 0.773) and Ph/nC18
(ranging from 0.178 to 0.906) were clearly less than
1 and there was a strong correlation in the cross
plots between Pr/C17 and Ph/C18 ratios (Fig. 4,5).

cycle of the Late Quaternary Period is evidenced by
the tremendous environmental changes during that
time. Therefore, reconstruction of SST is significant
to understand environmental climatic evolution.
The calculated mean annual air temperature
(MAAT) varied from 9.601 °C to 15.677 °C, with a
downward trend (Fig. 2), and except for two significant variations (ca. 4.2 °C) of MAAT during 39790
BP and 36580 BP, the MAAT otherwise varied little
(ca. 3 °C).
The calculated SST varied from 5.766 °C to
17.475 °C, with an average of 10.740 °C lower than
MAAT. In spite of frequent fluctuations, the SST
decreased as the sediments became younger.

Abundance
110000
100000

nC21
Depth: 140 cm

m/z 85

nC27

90000
80000
70000
60000
50000
40000
30000
20000
10000
0
Time--> 10.00

20.00

Abundance
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

30.00

40.00

50.00

60.00

80.00

nC21
Depth: 210 cm

m/z 85

0
Time--> 10.00

70.00

nC29

20.00

30.00

40.00

50.00

60.00

70.00

80.00

FIGURE 3
Gas chromatograms of aliphatic hydrocarbons at two depths. n-Alkanes are numbered 15±34,
PrPrspristane, PhPhsphytane, UCMUnresolved Complex Mix.
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TABLE 2
n-Alkanes, acyclic isoprenoids parameters of samples from the South Yellow Sea.
Sample codes

Sampling
depth˄cm˅

Miami
date(yr BP)

Paq

ACL

Cmax

Pr/Ph

Pr/nC17

Ph/nC18

1

50

33370

0.286

28.030

C26

0.130

0.474

0.885

2

60

33771.25

0.300

27.953

C26

0.329

0.319

0.254

3

70

34172.5

0.427

27.618

C22

0.108

0.211

0.487

4

80

34573.75

0.212

28.556

C29

0.201

0.404

0.477

5

90

34975

0.332

27.891

C29

0.326

0.417

0.204

6

100

35376.25

0.384

27.886

C18

0.298

0.765

1.240

7

110

35777.5

0.364

28.005

C29

0.736

0.336

0.178

8

120

36178.75

0.357

27.658

C18

0.184

0.557

0.956

9

130

36580

0.386

28.000

C18

0.333

0.644

1.075

10

140

36981.25

0.486

27.160

C21

0.186

0.371

0.508

11

150

37382.5

0.403

27.460

C21

0.162

0.474

0.485

12

160

37783.75

0.576

26.623

C21

0.098

0.330

0.245

13

170

38185

0.480

27.080

C21

0.160

0.346

0.580

14

180

38586.25

0.355

27.737

C29

0.131

0.163

0.233

15

190

38987.5

0.504

26.955

C20

0.177

0.440

0.493

16

200

39388.75

0.473

26.992

C18

0.155

0.593

0.792

17

210

39790

0.433

27.257

C21

0.216

0.773

0.413

18

220

40191.25

0.575

26.249

C18

0.367

0.342

0.553

19

230

40592.5

0.345

27.857

C29

0.336

0.677

0.223

20

240

40993.75

0.411

27.245

C21

0.140

0.233

0.296

21

250

41395

0.632

26.274

C17

0.665

0.378

0.809

22

260

41796.25

0.420

27.482

C29

0.136

0.583

0.390

23

270

42197.5

0.225

28.597

C31

0.407

0.615

0.241

24

280

42598.75

0.411

27.563

C20

0.145

0.383

0.464

25

290

43000

0.552

26.768

C22

0.368

0.555

0.537

Paq (C23+C25)/(C23+C25+C29+C31)
ACLn-alkane (23×C23 +25×C25+27×C27+29×C29+31×C31+33×C33)/(C23+C25+C27+C29+C31+C33)
Pr Pristane, Ph Phytane

FIGURE 4
Cross plots between Pr/C17 and Ph/C18 ratios of the sediments from the South Yellow Sea.
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FIGURE 5
Triangular diagram for contents of Pr/Ph-Pr/n-C17-Ph/n-C18 ratio.
Ϩ±Lacustrine bog genesis; ϩ±Fresh water lacustrine genesis; Ϫ±Semi-saline water and salt water genesis; ϭ±Salt lake genesis.

FKDQJH LQ į13C, which is consistent with organic
matter in the sediment derived mainly from marine
plankton. This can be understood by considering
that an increase in TOC reflects an increase in biological quantity through primary productivity. Biological photosynthesis results in carbon isotope
fractionation, in which light carbon isotopes are
converted into organic matter, leading to a reduced
į13C value (Fig. 2).
Data suggest that during this period, ocean
water was alkaline, with pH values ranging from
8.246 to 9.277, and reveals an increasing trend over
time. Sediments were deposited in an anoxic environment as commonly encountered in strongly
stratified water columns. Alkaliphiles [26] mainly
existed during this period, and GDGT data from
sediments indicate a dominant marine source and
that the amount of alkaliphiles reveals an approximately increasing trend.

DISCUSSION
The source of organic matter in sediment
and sea level change. Generally speaking, TOC
YDOXHV DQG į13C values for organic matter display
no remarkable variation with depth, indicating the
homogeneity of the provenance. Moreover, a low
BIT index (< 0.1) suggests that the ocean was the
dominant source of material in the South Yellow
Sea. These findings are consistent with those of the
maximum carbon number, distribution characteristics of n-alkanes, ACL, and Paq, which all indicate
that marine facies organic matter (mainly aquatic
low bacteria algae) were a major source contributing to sediments in the study area. Though the
input of aquatic plants in the study area decreased
slightly from 43000 aB.P. to 33370 aB.P., material
source remained largely unchanged, there is marine
input (mainly aquatic low bacteria algae) rather
than any terrigenous input.
In addition, the BIT value decreased, suggesting that the sea level was rising [24], which coincides with research results from Wang et al. [25],
that the changing trend of BIT value and sea level
were generally complementary. There were sea
level fluctuations, but not much overall variation in
the period from 43000 aB.P. to 33370 aB.P..

MAAT and SST change. Both the MAAT and
the SST demonstrate a declining trend from 43000
aB.P. to 33370 aB.P. imply that the South Yellow
Sea was in a cooling climate, which is in accordance with the global change in the last glacial period. In addition, SST is more affected by the last
glacial period than MAAT, it means that SST is
more sensitive to climate changes. From the MAAT
and the SST data, it can be concluded that the palaeoenvironment changed frequently during the ten
thousand years of the last glaciation and interglacial
periods and that the palaeoenvironment was relatively stable in the initial and final stages of this
profile, but turbulent during the intermediate stages.
Furthermore, due to the rise of SST, which
caused increased ion production, pH declined. From

Palaeoclimate implications and pH. Abundance of TOC in sediments can reflect the bioproductivity level in waters. Low TOC content
indicates low primary productivity. During the period from 43000²33370 aB.P., the TOC content
reveals an ascending trend over time, indicating that
primary productivity began to increase. By comparison, the inverse trend is demonstrated by the
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n-alkanes are solely provided by submerged or
floating aquatic macrophytes and that the C29 and
C31 n-alkanes are derived from emergent and terrestrial plants. A Paq<0.1 corresponds to terrestrial
plants; 0.1±0.4 corresponds to emergent macrophytes; and 0.4±1 corresponds to submerged/floating macrophytes. Sample values for
Paq range from 0.254 to 0.663 with a mean of
0.445, suggesting that the input of marine organic
matter was important in the South Yellow Sea during the period and that the input of submerged/floating macrophytes in the study area decreased slightly.
These rHVXOWVFRQ¿UPWKDWWHUUHVWULDOVRXUFHVRI
organic matter were not important in the South
Yellow Sea during the period and that the input of
aquatic plants in the study area increased gradually,
before diminishing during the period.
Isoprenoid hydrocarbon is comprised of acyclic isoprenoid, among which the most commonly
used, and preferred for their stability, are pristane
(Pr) and phytane (Ph). The pristane to phytane ratio
(Pr/Ph) reflects the palaeoenvironmental conditions
of sedimentation [36-39] and is mainly used to determine the oxidation-reduction condition of sedimentary environments.
The Pr/Ph data are suggestive of source rocks
deposited in reducing environments. The low Pr/Ph
ratios (˘1) for all the samples in this study suggest
that they originated from sediments deposited under
slightly weak reduction-oxidation conditions. The
ratios of Pr/nC17 and Ph/nC18 were clearly less than
1, indicating extensive biodegradation [40]. Empirical evidence suggests that a Pr/Ph value <0.8 is
indicative of an anoxic environment as is commonly encountered in strongly stratified water columns.
The sample Pr/Ph ratios was suggestive of core
sediments deposited in an anoxic environment as
commonly encountered in strongly stratified water
columns, and favouring the preservation of organic
matter.

43000²33370 BP, SST demonstrates a declining
trend, which is contrary to that of pH (ascending),
therefore SST may also affect the pH of palaeo-seawater.
Biomarker characteristic. Gas chromatography of n-alkanes in the bulk core sediments appears as double peaks, predominated by a front
group. Represented by the first peak are the predominant carbon numbers C19-21, with odd carbon
dominance. Represented by the second peak are
maximum carbon numbers of C27 or C29 with
odd-even predominance of the alkanes. Generally,
n-alkanes with low carbon numbers are produced
mainly by marine phytoplankton and microbes and
are characterized by normal hydrocarbons below
C21 in their chemical compositions [27-29]. The
higher molecular weight n-alkanes (C25²C35) have
a distinct odd predominance of normal alkane
compounds, which are mainly derived from the
waxy material of terrestrial vascular plants [30-32].
In watersheds where grasses dominate, n-C31 is the
major sediment n-alkane, whereas n-C27 and n-C29
are more abundant in lake sediments where woody
plants and deciduous trees dominate respectively
[33]. Sediment core samples indicate that during the
period, organic matter of marine sediments in the
study area were primarily derived from aquatic algae.
Average chain length (ACL) represents the
average chain length of lipid compounds in sediments, which closely relates to plant types. The
formula
to
calculate
the
ACL
is:
ACLn-alkane=(23×C23+25×C25+27×C27+29×C29+31×
C31+33×C33)/(C23+C25+C27+C29+C31+C33).
When
ACL value increases, it indicates that the proportion
of long chain compounds (long chain normal alkanes or fatty acid, fatty alcohol) has increased,
which is attributed to an increase in terrestrial vegetation contribution. When ACL value decreases, it
indicates that the contribution of short chain compounds (short chain normal alkane or fatty acid,
fatty alcohol) of aquatic algae has increased [34].
The sample results suggested that the input of marine organic matter was important in the South Yellow Sea during the period and that the input of
aquatic plants in the study area decreased slightly.
Based on studies of East Africa Lakes, Ficken
[35] proposed a proxy, Paq (a hydrocarbon-based
proxy for input derived from submerged/floating
aquatic macrophytes), for submerged/floating
aquatic macrophyte input (based on the content of
C23 and C25 n-alkanes) versus emergent and terrestrial plant input (based on the content of C29 and C31
n-alkanes) to lake sediments based on n-alkane data,
which
is
calculated
as
follows:
Paq=(C23+C25)/(C23+C25+C29+C31). The underlying
assumptions for Paq are that the C23 and C25

CONCLUSIONS
'DWDIURP72&į13C, GDGT, and other relevant indictors of core samples from the South Yellow Sea were analyzed to gather evidence of palaeoenvironmental changes during 43000 BP to
33370 BP in the South Yellow Sea. The conclusions
were as follows:
(1) Material source remained largely unchanged, there was marine input (mainly aquatic
plants) rather than any terrigenous input.
(2) Seawater was alkaline, and alkalinity increased over time. Alkaliphiles dominated, with
their numbers approximately increasing during this
period.
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[8] Lu, X., Yang, H., Song, J., Versteegh, G.J., Li,
X., Yuan, H., Li, N., Yang, C., Yang, Y., Ding,
W. (2014) Sources and distribution of isoprenoid glycerol dialkyl glycerol tetraethers
(GDGTs) in sediments from the east coastal sea
of China: Application of GDGT-based paleothermometry to a shallow marginal sea. Organic Geochemistry. 75, 24±35
[9] Schouten, S., Hopmans, E.C., Forster, A., van
Breugel, Y., Kuypers, M.M., Damsté, J.S.S.
(2003) Extremely high sea-surface temperatures at low latitudes during the middle Cretaceous as revealed by archaeal membrane lipids.
Geology. 31, 1069±1072
[10] Loomis, S.E., Russell, J.M., Ladd, B.,
Street-Perrott, F.A., Damste, J.S.S. (2012) Calibration and application of the branched GDGT
temperature proxy on East African lake sediments. Earth and Planetary Science Letters.
357, 277±288.
[11] Schouten, S., Rijpstra, W.I.C., Durisch-Kaiser,
E., Schubert, C.J., Damsté, J.S.S. (2012) Distribution of glycerol dialkyl glycerol tetraether
lipids in the water column of Lake Tanganyika.
Organic Geochemistry. 53, 34±37.
[12] Tierney, J.E., Mayes, M.T., Meyer, N., Johnson,
C., Swarzenski, P.W., Cohen, A.S., Russell,
J.M. (2010) Late-twentieth-century warming in
Lake Tanganyika unprecedented since AD 500.
Nature Geoscience. 3, 422±425.
[13] Liu, X.L., Leider, A., Gillespie, A., Gröger, J.,
Versteegh, G.J., Hinrichs, K.U. (2010) Identification of polar lipid precursors of the ubiquitous branched GDGT orphan lipids in a peat
bog in Northern Germany. Organic Geochemistry. 41, 653±660.
[14] Weijers, J.W., Steinmann, P., Hopmans, E.C.,
Schouten, S., Damsté, J.S.S. (2011) Bacterial
tetraether membrane lipids in peat and coal:
Testing the MBT-CBT temperature proxy for
climate reconstruction. Organic Geochemistry.
42, 477±486.
[15] Peterse, F., Martínez-García, A., Zhou, B.,
Beets, C.J., Prins, M.A., Zheng, H., Eglinton,
T.I. (2014) Molecular records of continental air
temperature and monsoon precipitation variability in East Asia spanning the past 130,000
years. Quaternary Science Reviews. 83,76±82.
[16] Zech, R., Gao, L., Tarozo, R., Huang, Y. (2012)
Branched glycerol dialkyl glycerol tetraethers
in Pleistocene loess-paleosol sequences: three
case studies. Organic Geochemistry. 53, 38±44.

(3) The South Yellow Sea was in a cooling
climate, SST was more sensitive to climate changes
than MAAT. During the period, early and late stages were characterized by environmental stability,
whereas the middle stage was characterized by environmental instability.
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systematic and taxonomic studies conducted in
Turkey [10, 11, 12]. Current population structure of
a species reflects both historic and contemporary
ecological and evolutionary forces [13]. These
processes left their signatures in the genomes of
species. Thus, current population genetic structure
can be used to infer past evolutionary and demographic events within species [14].
O. tridentatus, which is monophagous and endemic, could be an ideal model for understanding
whether colonization or geographic isolation occurs
on the Taurus mountains. The aims of the study
were (i) to reveal the population genetic structure of
the O. tridentatus along the the Taurus Mountains
(southern Turkey) by using COI gene, (ii) to present the its intraspecific genetic diversity, (iii) to
find out whether geographical barriers have an
effect in colonization of the species.

ABSTRACT
The aims of the study to examine population
genetic structure and infer patterns associated with
geography in populations of Orthotomicus tridentatus Eggers in Southern Turkey. The beetle only
feeds on Cedrus libani which widely distributes
along the Taurus Mountains. COI gene was used
from 43 samples from eight populations along the
entire Taurus Mountains. AMOVA results suggested that there is high gene flow among the populations. The results of the neutrality and mismatch
tests show that widespread geographic distribution
of O. tridentatus in Turkey is the result of the population range expansion model. According to NJ and
ML, it is determined that the studied haplotypes did
not compose any phylogenetic group depending on
the geography. Also, low pairwise FST values put
forward to that there is very high gene flow among
the populations of the species. These results of the
study suggests that the species could use the mountain systems as broad corridors for dispersal.

MATERIALS AND METHODS
Beetle sampling. Beetles were collected from
eight populations throughout the Taurus Mountains
in Southern Turkey in 2013 (Fig. 1, Table 1). Collected specimens were stored in 99% ethanol and
were kept at -20°C until laboratory studies.

KEYWORDS:
Orthotomicus tridentatus, mtDNA, population genetic
structure, population expansion, genetic diversity, Cedrus
libani.

DNA extraction and amplification. DNA
was extracted from head, thorax and legs of the
specimens. The other parts were preserved to be
able to make morphological observations. Genomic
DNA was isolated by using Qiagen DNeasy Blood
and Tissue Kit (QIagen) according to suplementary
procedures for beetles. To amplify COI gene, forward and reverse primers S1718 and A2237 were
used via polymerase chain reaction [15, 16]. All
PCR products were then purified with PCR purification kit (QIAgen). DNA sequencing was done
with ABI 3100 automatic sequencer in a company
that provides this service.

INTRODUCTION
Bark beetles are one of the most important
forest pest taxa because they cause economic losses
by damaging the trees. The bark beetles that damage the forests include genus Orthotomicus Ferrari
1867 which is highly important because of its damage in coniferous forests. The genus is comprised of
12 species distributed throughout the Palearctic
Region [1, 2]. Among them, Orthotomicus tridentatus is an endemic species for Turkey and distributes
only southern Turkey. The species was reported as
a monophagus species on C. libani [3, 4, 5]. Cedrus
libani is native to the eastern Mediterranean region,
including Turkey, Lebanon and Syria [6,7,8]. The
widest natural area of Cedrus libani in its distribution area is the Taurus Mountains (Turkey). Cedar
forests in Turkey cover about 324.000 hectares [9].
Molecular tests have been increasingly used in

Genetic diversity and population genetic
structure analyses. The number of average nucleoWLGH GLIIHUHQFHV DQG QXFOHRWLGH GLYHUVLW\ ʌ  ZHUH
analysed in order to determine the polymorphism
and diversity levels within and among O. tridentatus populations. To determine the importance of the
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(ML) algorithms in PAUP* 4.0b10 [17]. The best
substution model was determined using the hierarchical likelihood ratio test (hLRT) and Akaike
information criterion (AIC) in MODELTEST v. 3.7
[24]. The substitution model was found to be
HKY+G for upon Orthotomicus tridentatus according to hLRT and AIC. The substitution model was
used to construct the ML tree. ML trees were questioned according to the heuristic search approach.
COI sequences belonging to O. erosus, O. suturalis
and O. proximus, which obtained from GenBank,
were used as an outgroup [25, 26].

differences among the populations, pairwise Fst
was calculated by using Arlequin 3.5 software [17].
1HXWUDOLW\WHVWV 7DMLPD¶V'DQG)X¶V)6 DQGPLsmatch distribution analysis (sum of squared differHQFHV 66'  DQG +DUSHQGLQJ¶V 5DJJHGQHVV LQGH[
(r) were performed [18, 19, 20, 21, 22]. All parameters were tested against the expected values under
the hypothesis of a recent population expansion
based on 1000 bootstrap replicates. Neutrality and
mismatch analysis were calculated using Arlequin
version 3.5. [17]. The phylogenetic relationships
between the haplotypes were reconstructed by using
Neighbour Joining (NJ) and Maximum Likelihood

TABLE 1
Sampling sites of Orthotomicus tridentatus populations
Code
BurBuc
BurGol
Antaly

AntAks
MrsAna
MrsTar
AdaKar
KmrAnd

Locality

Coordinates

37° 33' 42" N
30° 62' 82" E
36° 86' 36" N
Burdur Province, Gölhisar District, Maçta Village
29° 40' 74" E
36° 54' 76" N
$QWDO\D3URYLQFH(OPDOÕ'LVWULFWdÕ÷OÕNDUD)RUHVW
29° 76' 33" E
36° 51' 30" N
Antalya Province Finike District, Ördübek Plateau
29° 96' 22" E
Antalya Province ±Akseki District, Imrasan Moun- 37° 09' 40" N
tain
31° 80' 86" E
36° 05' 23" N
Mersin Province ±Anamur District, Abanoz Plateau
32° 49' 45" E
Mersin Province ±Tarsus District, dDPOÕ\D\OD 37° 30' 28" N
Tekir
34° 78' 45" E
37° 34' 76" N
Adana Province ±.DUDLVDOÕ'LVWULFW
34° 96' 76" E
37° 66' 44" N
.DKUDPDQPDUDú3URYLQFH
$QGÕUÕQ'LVWULFW6DUÕWaQÕúPDQOÕ
36° 45' 80" E
Burdur Province, Bucak District, .DUOÕN+LOO

Altitude
m a.s.l.

n

1228

5

1649

6

1413

2

1581

2

1386

6

1460

6

1283

6

1271

5

1436

5

FIGURE 1
The distribution area of the Cedrus libani and collecting sites of Orthotomicus tridentatus
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these, the AMOVA shows that the variation within
O. tridentatus populations was higher than among
the populations of the species (Table 3).

RESULTS
Population Genetic Diversity and Structure. 43 samples collected from eight populations
of O. tridentatus were studied. DNA sequences of
the samples were aligned and 503 base pairs were
used during statistical analysis. 49 bases had mutations among the 503 bp. 39 different haplotypes
were found among 43 samples. It is determined that
some populations had same haplotypes (BurGol13AntElm15-AntFin16, BurGol39-BurGol41 and
KmrAnd28-KmrAnd29). 36 haplotypes were
unique. The variations of O. tridentatus populations
were analysed through AMOVA (Table 2). Nucleotide diversity was relatively low in all of the studied
populations; the highest values were observed in
AdaKar, MrsAna, MrsTar and BurBuc populations.
The proportion of unique haplotypes in our sample
yielded a haplotype diversity of 1.00 (SD between
0.10-0.18). Contrary to high haplotype diversity,
nucleotide polymorphism was low. In addition

Historical Population Demography. The
majority of the results of the D and Fs tests of O.
tridentatus populations were negative but with
significant values (P < 0.05) only for KmrAnd in
RUGHU WR 7DMLPD¶V ' YDOXH DQG %XU*RO DQG $QWDO\
in order to Fs value (Table 4). If the results of these
tests are negative, they could be evidence that the
populations have undergone a recent expansion
[18]. Also, SSD and raggedness values reveals the
availability of a sudden expansion model (Table 4).
mtDNA Genealogy. The phylogenetic (NJ
and ML) trees did not consist any haplotype groups
(Fig.2-3). Nonetheless, the four of five haplotypes
belonging to KmrAnd population (KmrAnd2,
KmrAnd28, KmrAnd29, KmrAnd30) included in
the first basal group.

TABLE 2
AMOVA results of Orthotomicus tridentatus populations in Turkey.
Source of
variation
Among populations
within populations
Total
df degrees of freedom

Degrees of freedom

Sum of squares
(SSD)
30.41
93.98
124.395

7
35
42

Variance components
0.30945Va
2.68524Vb
2.99469

Variance %
10.33
89.67

TABLE 3
Genetic diversity values of Orthotomicus tridentatus populations.
KmrAnd
AdaKar
BurBuc
BurGol
MrsAna
N
5
5
5
6
6
h(+/1.00+/1.00+/1.00 +/1.00 +/1.00 +/SD)
0.13
0.13
0.13
0.10
0.10
ʌ(+/-SD) 4.80 (2.82) 7.60 (4.28) 5.80 (3.34) 2.53 (1.58) 7.20 (3.94)
n: Number of specimen, h: haplotype diversity, ʌ: nucleotide diversity

MrsTar
6
1.00 +/0.10
7.07 (3.87)

Antaly
4
1.00 +/0.18
1.50 (1.12)

AntAks
6
1.00 +/0.10
5.33 (2.99)

TABLE 4
Neutrality and mismatch distribution indices based on COI of O. tridentatus.
D
FS
SS
D
R

KmrAnd
-1.2054*
-1.4109

AdaKar
-0.0764
-0.7143

BurBuc
-0.9978
-1.1125

BurGol
-1.0106
-3.7089*

MrsAna
-0.8400
-1.4893

MrsTar
0.0524
-1.5215

Antaly
-0.7545
-2.3671*

AntAks
-0.7992
-2.0348

Mean
-0.7039
-1.7949

s.d.
0.4517
0.9256

0.4048*

0.0794

0.0963

0.0460

0.1350

0.0641

0.0055

0.0460

0.1097

0.1253

0.0900

0.2000

0.3333

0.1511

0.2222

0.1244

0.0833

0.1511

0.1694

0.0819

Significant P values: * P < 0.05
'7DMLPD¶V')V)X¶V)666'VXPRIVTXDUHGGLIIHUHQFHVU+DUSHQGLQJ¶V5DJJHGQHVV index.

TABLE 5
:ULJKW¶V)VWSDLUZLVHYDOXHVEHWZHHQSRSXODWLRQVRIO. tridentatus
KmrAnd
KmrAnd
AdaKar
0.00000
BurBuc
0.21598
BurGol
0.45100*
MrsAna
0.29412*
MrsTar
-0.00698
Antaly
0.46185
AntAks
0.37492*
Significant P values: * P < 0.05

AdaKar

BurBuc

BurGol

MrsAna

MrsTar

Antaly

AntAks

-0.06013
0.05785
0.02734
-0.10994
0.07867
0.05588

0.8295*
0.01114
0.03126
0.04285
-0.02936

0.01573
0.13600
-0.03129
0.06842

0.10210
0.02556
-0.02081

0.14909
0.14809

0.03794

-
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FIGURE 2
Neighbour Joining tree of O. tridentatus
Fst results show that there are gene flow
among the all populations (Table 5). In addition to
this, NJ and ML trees together with FST results

present that the species may disperse over long
distances along the Taurus Mountains.
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FIGURE 3
Maximum-likelihood tree of O. tridentatus under HKY+G model.
36, 37]. Although there is a hypothesis that the
generalist insect species have more haplotypes [27,
38]. The results of the present study did not support
this hypothesis.
Shared haplotype numbers among the studied
populations of O. tridentatus was low. AMOVA
results also revealed that genetic variations within
the O. tridentatus populations was higher than the
among the populations. The nucleotide diversity
values for COI of O. tridentatus were average according to other Scolytinae species [28, 32, 35, 36,

DISCUSSION
In the present study, population genetic structure of O. tridentatus along the Taurus Mountains
in Southern Turkey were reconsctructed using
mtDNA sequences of COI. It is determined that the
haplotype number (39 among 43 individuals) in the
present study were higher than previously observed
in both specialist and generalist bark beetle species
such as Dendroctonus spp., Ips spp., Pityogenes sp.
and Tomicus spp. [27, 28, 29, 30, 31, 32, 33, 34, 35,
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[4] $\WDU ) 6DUÕND\D 2 $YFÕ 0   An
Important Pest in Our Taurus Cedar Forests:
Cedar Bark Beetle (Orthotomicus tridentatus).
Forest Engineering Journal. 45(1-2-3), 19-23.
(in Turkish)
[5] 6DUÕND\D 2   7KH 6FRO\WLGDH &ROHRSteUD  )DXQD RI :HVW 0HGLWHUUDQHDQ 5HJLRQ¶V
Coniferous Forest. Suleyman Demirel University Graduate School of Applied and Natural
Sciences Department of Forest Engineering,
Isparta.
[6] Choukas-Bradley, M., Alexander, P. (1987)
City of Trees: The Complete Field Guide to the
Trees of Washington, D.C. (Revised Edition).
Johns Hopkins University Press; Baltimore
(Maryland). 448p.
[7] Bird, R. (1994) Ornamental Conifers. Quintet
Publishing Limited, London (UK), 80p.
[8] .XUW < .DFDU 06 ,VÕN .   7UDGL
tional Tar Production from Cedrus libani A.
Rich on the Taurus Mountains in Southern
Turkey. Economic Botany. 62, 615-620.
[9] %R\GDN0dDOÕNR÷OX0  Biology and
Silviculture of Taurus Cedar (Cedrus libani A.
Rich.). Publication of the Forestry Development and Forest Firefighting Services Support
Foundation, Laser Offset Printing Press, Ankara, 284p. (in Turkish).
[10] Bilgen, B.B., Kaya, N. (2016). Use of NSSR
markers for determination of clonal identity
and genetic sturcture in a Pinus brutia Ten.
clonal seed orchard. Fresen. Environ. Bull. 25,
3687-3693.
[11] Zeybek, A., Khan, M.K., Pandey, A., Gunel,
$(UGR÷DQ2$NND\D06  *HQHWLF
Structure of Powdery Mildew Disease Pathogen Blumeria graminis F. sp. hordei in the Barley Fields of Cukurova in Turkey. Fresen. Environ. Bull. 26, 906-912.
[12] +LORR÷OX 0., Sözen, E. (2017) Population
Genetic Structure of Endemic Verbascum alyssifolium in Erzincan region of Turkey. Fresen.
Environ. Bull. 26, 1756-1764.
[13] Hewitt, G. (2000) The genetic legacy of the
Quanternary ice ages. Nature. 405, 907-913.
[14] Avise, J.C. (2000) Phylogeography: The History and Formation of Species. Harvard University Press M.A., Cambridge, 447p.
[15] Simon, C., Frati, F., Beckenbach, A., Crespi
B., Liu, H. Flok, P. (1994) Evolution,
weighting, and phylogenetic utility of mitochondrial gene sequences and a compilation of
conserved polymerase chain reaction primers.
Annals of the Entomological Society of America. 87, 651±701.
[16] Normark, B.B., Jordal, B.H., Farrell, B.D.
(1999) Origin of a haplodiploid beetle lineage.
Proceedings of the Royal Society of London B.
266, 2253±2259.

39, 40, 41, 42, 43].
The obtained data reveals that O. tridentatus is
a highly polymorphic species as shown by the high
haplotype numbers. Also, the relatively low nucleotide variation and high haplotype diversity values
determined among O. tridentatus populations support range expansion along its geographic distribution [14]. Range expansion was affirmed by the
high negative values of WKH7DMLPD¶V'DQG)X¶V)V
tests performed on the O. tridentatus populations.
Also, SSD analysis revealed that there was a historical expansion. According to Rogers and Harpending [19], the low raggedness values suggests the
occurrence of population expansion events. These
results show that historical demography of O. tridentatus corresponds with the occurrence of past
spatial range expansion.
According to the NJ and ML analysis, it is determined that the studied haplotypes did not compose any phylognetic group depending on the geography. Also, low pairwise FST values put forward to
that there is very high gene flow among the O.
tridentatus populations. These results suggests that
the species, like Dendroctonus species [44, 45],
used the mountain systems as broad corridors for
dispersal. Also, Ciplak [46], pointed out that the
Taurus Mountains may have been instrumental in
the dispersal of some Orthopteran species, especially those adapted to colder climates. These
knowledge show that the topography of the Taurus
Mountains do not act as a barrier to gene flow for
the species and also that initially, the colonization
route was through eastern Taurus to middle and
western Taurus.
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The paper industry produces a large volume of
paper sludge as a byproduct of the paper making
process. This results in a substantial environmental
burden to the industry from the high levels of heavy
metals contained in the sludge and can limit land
management applications. Biochar may have the
potential to reduce environmental impacts of paper
sludge by immobilizing heavy metals in soil. In this
study, modified rice straw biochars were produced
using a gradient of heat treatments and potassium permanganate activation levels. The physiochemical and morphological properties of the produced biochars were characterized by FT-IR,
ESEM-EDAX, BET, etc. The performances of the
biochar on the immobilization of Cd and Pb in
paper sludge were also studied by percolation
leaching columns experiments to determine the
potential use of biochars for remediation of soil
contaminated by paper sludge. Results indicated
that both pyrolysis temperature and KMnO4 concentration significantly affected the physical and
chemical properties of the biochars. The biochar
yield decreased with the increase of heating temperature, while increased with the increase of
KMnO4 concentration. The pH and ash content of
the biochar samples increased with the increases of
both heating temperature and KMnO4 concentration. The SSA value increased with the increase of
pyrolysis temperature, while SSA decreased with
the increase of KMnO4 concentration. The Cd concentration of leachates with the addition of rice
biochars was about 13-25 lower than the control.
However, the biochars used in this study did not
reduce the leaching Pb. The rice biochar additions
showed clear potential for Cd immobilization, but
were not suitable for immobilization of Pb.

$" %$ 
The pulp and paper industry is considered to
be one of the biggest and fastest growing industries
in the world, and is expected to continue in the near
future [1-2]. Due to the large volume of wastewater
produced in this industry, a concurrent large quantity of paper sludge is produced as a byproduct, resulting in a massive environmental burden [2]. For
example, on average, over seven and eleven million
tons of paper sludge are produced annually in the
European Union and China respectively [3-4], and
sludge production will continue to increase in the
foreseeable future [5]. Therefore, the disposal of
paper sludge byproducts are a considerable concern
for the pulp and paper industry.
The use of paper sludge as an agricultural soil
amendment is seen as a potential win-win solution
to the large volumes produced by the industry, and
as a result, is receiving more and more attention [6].
It is estimated that around 15% of paper sludge
byproducts are reused for land management applications [3]. For example, paper sludge has been
successfully used as amendment in agricultural
soils [7]. Unfortunately, paper sludge is also rich in
heavy metals and can cause serious contamination
of soil and groundwater from leaching into the
environment, which in turn, can have far-reaching
consequences after application [8-9].
In recent years, biochar products have attracted increased attention due to its potential use for the
remediation of contaminated soils. Recent studies
have highlighted biochar’s role in immobilizing
heavy metals in soil and by reducing heavy metal
accumulation in plants [10-13]. In contrast to other
organic materials, biochar is remarkably recalcitrant
which could result in an extremely beneficial long-
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repeated three times, and the three biochar samples
from the same treatment were mixed into one sample for analysis. To produce modified bio-char
samples, the rice straw pieces were pretreated by
impregnating
with
potassium permanganate
(KMnO4) solution of different concentration (i.e.
0.05, 0.1, and 0.2 mol/L). After 24 h impregnation,
the obtained material was dried at 103±2°C for 24 h
in a convection-drying oven. The pyrolysis treatment was the same as the preparation of biochar
without modification.
In this study, the biochar samples pyrolyzed
under x temperature without modification was
named as C-x, while those pyrolyzed under x temperature with potassium permanganate activation at
y mol/L concentration was named as y-C-x.

!/:-85+<387 /+-2371 /@9/:36/7<; Percolation leaching experiments were conducted in order
to assess the effects of biochar addition on mobility
of Cd and Pb introduced by paper sludge in land
applications. Plexiglass columns with an inner
diameter of 9.0 cm were used for the leaching experiments. The bottom of each column was packed
with a quartz sand layer of 3 cm, with glass wool
placed on top of the quartz. To remove any heavy
metals and organic matter, the quartz sand and glass
wool were thoroughly heated at 450 °C in a muffle
furnace and then washed by diluted hydrochloric
acid and deionized (DI) water.
The columns were packed with composted paper sludge with or without biochar addition, which
were used to simulate contaminated soil with or
without the amendment of biochar. The composted
paper sludge was collected from Guizhou Chitianhua Paper Co., Ltd, Guizhou, China. The biochar chosen for leaching experiments were C-500
and 0.05-C-500, according to the results of biochar
characterization. The composted paper sludge was
mixed with 1 %, 2 % and 5 % (w/w) of biochar.
Each of the three biochar addition treatments were
compared to the untreated (control). Each treatment
was replicated three times.
Each leaching column was packed to a total
height of 40 cm. The average bulk density was
0.796 kg/L. The packed columns were saturated by
DI water, and equilibrated for 7 days before the
experiments started. Elution of the stimulated soil
columns was driven by gravity. The adjustable
infusion sets were applied to control the outflow
rate. For each application, 200 mL DI water was
applied to each of the columns. During the first 3
weeks, the leaching experiment was conducted
every 3 days, then every 5-7 days thereafter. A total
of 13 leaching experiments were conducted over
the course of the study.

7+5A<3-+5 6/<28.;The elemental composition of C, H, O, N and S of each biochar sample
was determined by an elemental analyzer (2400 II,

term immobilization effect [14-16].
Biochar is an insoluble, highly aromatic, and
carbon-rich solid material commonly derived from
different biomass under an oxygen-limited environment [17-19]. Biochar has been successfully
obtained from different types of feedstocks including corn, canola, soybean, peanut, barley and wheat
straws, switchgrass, pecan shells, poultry litter and
peanut hulls, sugarcane bagasse, coconut coir, stafflower seed press cake, hardwood and softwood
tree species, and some other biowastes [17]. The
beneficial features of biochar include high porosity,
high inner surface area, large number of micropores, diverse surface sites, and high pH [1819]. Biochar generally exhibits high ion exchange
capacity and adsorption capabilities for heavy metal
ions [11, 20]. Besides the feedstock type, pyrolysis
conditions, such as residence time, temperature,
heating rate, and reactor type, also have great influence on the chemical and physical properties of
biochar [21]. In order to improve pore structure,
surface area and functionality, biochar has also
been modified by steam activation, heat treatment,
and chemical activation [22-24].
The addition of biochar created from feedstocks to paper sludge land applications may provide long-term immobilization of heavy metals in
soils. However, the effects of biochar additions to
the mobility of heavy metals in paper sludge remains unexplored. The main objectives of this
study are:) to prepare and characterize the modified biochar produced from rice straw by KMnO4
activation; ) to investigate the immobility of
cadmium (Cd) and lead (Pb) in paper sludge by the
addition of biochars prepared under optimized conditions.
$"#$ #

//.;<8-4 !:/9+:+<387 +7. 38-2+: !:8
.=-<387 The rice straw used for biochar or modified biochar preparation was collected from the
Xiashu Experiment Base of Nanjing Forestry University (N32°07′, E119°13′), Jiangsu, China. The
rice straw was cut into 3-4 cm long pieces and dried
for 6 h at 110 °C before using.
The raw material was converted into biochar
by a tube resistance furnace. During each slow
pyrolysis, approximately 50 g of organic matter was
filled into the furnace tube. Slow pyrolysis was
conducted at three different treatment temperatures:
300, 500, and 700 °C respectively. High purity
nitrogen (99.999 %) at the flow rate of 100
mL/min was used as protective gas. The heating
temperature increased from ambient temperature to
the predetermined treatment temperature at the
heating rate of 10 °C/min, and held at the final
temperature for 2 h. The temperature was then
dropped to room temperature. Each treatment was
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!:8@36+</ +7. %5<36+</ 7+5A;3; Table 1
shows the changes of moisture content, CV, and
elemental composition of biochar produced at different conditions. In general, with the increase of
KMnO4 concentration, the CV decreased. Compared with those of biochar samples without
KMnO4 pretreatment, the C and N contents of modified biochar samples decreased significantly. The
reduction of C and N in the activated biochar might
be ascribed to the strong oxidating effect of KMnO4
on the feedstock. Another reasonable explanation is
that loading of MnOx particles onto the surface of
the modified biochar might also reduce the proportion of other elements, which is similar to the finding of a previous study [28]. The occurrence of Mn
on the surface of the modified biochar was confirmed by SEM-EDS analysis (Fig 4). On the other
hand, the C content in the biochar samples did not
increase or decrease steadily with increasing heating temperature or KMnO4 concentration. The maximum value of C content was 49.75 % for C-500
and the minimum was 36.12 % for 0.05-C-500. The
H/C value of the modified biochar treated at 500 °C
were generally higher than those treated at 300 °C
and 700 °C, which indicated that samples pyrolyzed
at 500 °C were highly carbonized with a highly
aromatic structure. The H and S contents did not
show any clear regularity.
The effects of pyrolysis temperature and potassium permanganate concentration on the biochar
yield, ash content, pH, and SSA is shown in Fig. 1.
The biochar yield decreased with the increase of
heating temperature from 300 °C to 700 °C (Fig.
1(a)) due to the greater primary or more thorough
secondary decomposition [29]. At certain pyrolysis
temperatures, the yield of modified biochar was
also observed to be higher than that of unmodified.
Furthermore, the yield of modified biochar increased with the increase of KMnO4 concentration,
which means pretreatment with higher concentration solution of KMnO4 was beneficial. The ash
content increase with the increasing of KMnO4
concentration and heating temperature (Fig. 1(b))

Perkin Elmer, USA). The calorific values (CV) of
biochar samples were measured by the automatic
fast calorimetry instrument (WELL8000, Shanghai
Ouri Instrument Company, China). Biochar ash
content was determined after drying the biochar for
4 hours at 105C. For dry combustion, a muffle
furnace was used at 450±2°C for 4 hours.
The specific surface area (SSA) of each biochar sample was analyzed by using the Brunauer,
Emmett and Teller (BET) method. A ground biochar sample (approximately 200 mg) was degassed
for 20 h at 200 °C and then determined using N2 as
the adsorbate at -196°C or 77 K in a relative pressure of 0.025-0.30 (Micromeritics ASAP2020,
USA) [25]. SSA values were determined on a
Quan-tachrome ASiQ (Quantachrome Instruments,
Boynton Beach, FL, USA). FT-IR analysis was
used to measure the organic functional groups of
biochar samples. KBr pellets method (200 mg KBr
and biochar loading of 0.1 % by weight) was used
for the analysis. A VERTEX 80 v system (Bruker
Corporation, Germany) was used to analyze the
pellets for an average of 16 scans from 400 to 4000
cm-1 at 4 cm-1 resolution. FT-IR data was analyzed
by the software of OMNIC 8.0 (Nicolet Analytical
Instruments, USA) [26]. Surface morphologies of
each biochar sample were analyzed by an environmental scanning electron microscope (FEI QUANTA 200, Netherlands). Mineral content of each type
of biochar sample was measured by an X-ray energy dispersive spectrometer (INCA250X, UK) [17].
Concentration of Cd and Pb in leachates were
determined using inductively coupled plasma optical emission spectroscopy (ICP-OES, PE 2000DV,
USA) according to the Chinese standards method
[27]. The pH was measured using a digital pH meter (PB10, Sartorius, Germany), calibrated with
standard buffer solutions. Before the pH of each
biochar sample was measured, 20 g aliquot of biochar in 80 mL of DI water in 125 mL Erlenmeyer
flasks were suspended by shaking at 100 rpm at 25
°C for 48 h.

$ 
5/6/7<+5+7+5A;/;80.300/:/7<,38-2+:;9:8.=-/.+<.300/:/7<-87.3<387;
Samples
C-300
C-500
C-700
0.05-C-300
0.05-C-500
0.05-C-700
0.1-C-300
0.1-C-500
0.1-C-700
0.2-C-300
0.2-C-500
0.2-C-700

Moisture content()
4.71
4.36
6.58
5.55
3.4
3.92
5.53
5.66
5.81
6.38
7.39
8.46

CV/J·kg-1
19.7
21.09
20.12
15.94
16.5
14.88
14.47
14.88
13.65
12.47
11.57
11.52

C()
43.94
49.75
44.34
40.04
36.12
38.51
48.94
37.71
40.28
37.56
39.36
40.35
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H()
1.026
0.272
0.049
0.875
0.098
0.028
0.799
0.970
0.055
0.562
0.880
0.695

N()
1.3
1.01
1.055
0.845
0.665
0.836
1.37
0.75
0.79
0.65
0.86
0.95

S()
0.109
0.112
0.12
0.077
0.067
0.084
0.016
0.226
0.17
0.32
0.34
0.291

H/C
0.280
0.066
0.013
0.262
0.033
0.009
0.196
0.309
0.016
0.180
0.268
0.207
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3600 cm-1 (peak at 3409 cm-1) and between 900 and
1200 cm-1 (peak vibrated between 1000 cm-1 to
1100 cm-1), and with a smaller band from 2800 to
2950 cm-1 (peak at 2920, 2850 cm-1).
The broad band between 3200 and 3600 cm-1
is corresponding to the cellulosic hydroxyl -OH
stretching vibration [31]. The intensity of the peak
at 3409 cm-1 decreased with increasing temperature,
indicating that some cellulosic hydroxyl groups
were gradually decomposed [32]. However, the
intensity of the peak at 3409 cm-1 was observed to
increase with the increase of KMnO4 concentration,
which showed that more cellulosic hydroxyl groups
could be produced by treatment of high concentration of KMnO4.
The aliphatic –CH2– stretching vibrations of
methylene methyl, and methoxyl groups with the
peak of 2920, 2850 cm-1 are apparent [33]. Various
aromatic C=C stretching vibrations, C-H plane
deformations, CH2 and C=O were also detected
within the wavelength range between 1400 and
1600 cm-1 (peak at 1401, 1600 cm-1) [31, 34]. The
intense bands between 1400 and 1600 cm-1 decreased with heating to higher temperatures. But the
intense bands between 1400 and 1600 cm-1 increased with the increase of the concentration of
KMnO4, which could be explained that more C=O
was produced by the activation of KMnO4.

indicating that both increase of heating temperature
and KMnO4 pretreatment influenced feedstock
mineralization. The effect of KMnO4 pretreatment
might be due to the stronger oxidating effect of
higher solution concentration.
The pH value of the biochar samples was
found to increase with the increases of both heating
temperature and KMnO4 concentration (Fig. 1(c)),
which was consistent with the enhanced ash content
as the temperature and KMnO4 concentration increased. Ash component has been thought to be an
important factor contributing to biochar high pH
[30].
Increasing the heating temperature or KMnO4
concentration helps to improve the alkalinity of
biochar. Fig. 1(d) indicated that both pyrolysis
temperature and KMnO4 concentration had significant impacts on SSA. In general, the SSA value
increased with the increase of pyrolysis temperature, while SSA decreased with the increase of
KMnO4 concentration.
$" 7+5A;3; FT-IR spectroscopy was
used to determine the effects of heating temperature
and KMnO4 concentration on surface functional
groups changes. Figure 2 depicts the FT-IR spectra
of the biochars produced from different conditions.
All biochars produced in the study demonstrated a
similar trend with a broad band between 3300 and
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At the band between 1000 and 1200 cm-1 with
the peak of 1100 cm-1 was assigned to SiO2. The
peak at 870 cm-1, which can be attributed to aromatic C-H bending [35], increased when heating
temperature increased from 300 °C to 500 °C, and
then decreased abruptly after 700 °C. The peak at
870 cm-1 also did not show sequential trend depending on the concentration of KMnO4.

#=:0+-/ 8:928581A +7. #C(
7+5A;3; The surface morphologies of rice biochars is shown in Fig. 3. Significant differences
among rice biochar samples produced under different conditions were observed. Compared to the
biochars produced at lower temperatures, the pore
size of the higher temperature biochars were relatively smaller, as found by Liu in the literature [17].
This observation was verified by the changes of
SSA (Fig. 1), which could be attributed to more
decomposition of volatile matters under higher
treatment temperature. With the increase of KMnO4
concentration, the walls of the biological tubular
pores became thinner and more pore structures
appeared. For example, in 0.2-C-300, new pores
could be observed in the wall of tubular pores.
However, as for 0.2-C-700, the biological tubular
pores structures almost disappeared, which should
be ascribed to the excessively combined effects of
the etching of activation agent and heat treatment.
Surface elemental analysis of the biochars
produced under different charring conditions was
also preformed and is shown in Fig. 4. In addition
to C and O, other elements such as Na, Mg, Si, P, S,
Cl, K, Ca, Mn, Fe, and Zn were also found in the
rice biochars. The remained elemental P, and K
suggest that the biochars produced from rice straw
have the potential to be applied as a soil fertilizer
[36-37]. Overall, with increased KMnO4 concentrations, the content of Mn also increased.

!/:-85+<387/+-2371/@9/:36/7<;Based on
the characterization results of biochars produced
under different conditions, C-500 and 0.05-C-500

were chosen for leaching column experiments to
study the performance on immobilization of Cd and
Pb in paper sludge. The effects of the addition of
rice biochars on leachate pH are shown in Fig. 5.
Rice biochars were found to increase the pH values
of leachates. After the forth elution, the pH values
of all the other treatments were 0.1-0.5 units higher
than that of the control treatment, which was 7.02.
As the amount of biochar addition increased, the
pH values of leachates increased correspondingly.
The results indicated that rice biochars may serve as
a promising alkalizing soil amendment under acidic
soil situations [38-39].
The effects of rice biochars addition on leachate Cd are shown in Fig. 6. The Cd concentration of
leachates with the addition of rice biochars was
obviously lower than that of the control treatment
without biochar. The leaching Cd concentration of
the control treatment remained nearly 0.075 mg/L,
while the leaching Cd concentrations with treatments including the addition of biochar were 0.0550.065 mg/L, which results in about 13-25% lower
Cd leaching concentrations. Results indicate that
the addition of rice biochars will effectively reduce
Cd leachates. This can be attributed to the sorption
of Cd by biochars, thereby improving the retention
of Cd in the simulated soil [40-41]. Furthermore,
when biochars are added, soil pH increases, and the
electronegativity of soil particles are enhanced,
which would increase active adsorption sites for
Cd, thus Cd is effectively fixed in soil. However, no
difference was observed between biochars with and
without KMnO4 activation.
The effect of rice biochars additions on leaching Pb are shown in Fig. 7. Neither the unmodified
rice biochar nor the modified showed the potential
of reducing Pb leachates. In general, the concentration of leaching Pb remained stable at about 0.065
mg/L. Compared to the control treatment, during
the early stages of the leaching experiment, the
addition of biochar even increased the leaching Pb.
Three main mechanisms of cation exchange,
complexation, and precipitation have been proposed
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temperatures containing less acidic groups such as
carboxyl (-COOH) and hydroxyl (-OH), can effectively complex Pb2+, thereby decreasing the ability
of biochar to immobilize Pb2+ [30]. In addition, the
competition for sorption sites on biochar surfaces
between metals and other ions or organic pollutants
can also influence the Pb2+ immobilization by biochar. In short, the findings in this study suggest that
the tested hydrochar is not suitable for Pb immobilization.

for Cd and Pb sorption by biochars. The sorption
mechanisms depend on the characteristics of biochar, which is affected by feedstock, pyrolysis
temperature, and solution pH [30]. For rice straw
biochar, cation exchange with Ca and Mg and precipitation with phosphate were the dominant mechanisms of Pb sorption [42-43]. When pyrolysis
temperature is high, especially >500 °C, poorly
soluble minerals (such as Ca2Mg (PO4) 2·2H2O,
Ca2P2O7, etc) are formed, which limit the sorption
of Pb2+ [38]. Furthermore, biochar pyrolyzed at high
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Both pyrolysis temperature and KMnO4 concentration significantly affected the physical and
chemical properties of the biochars produced from
rice straw. With an increase in heating temperature,
the yield, pH, SSA, and ash content of the derived
biochars also increased. At higher temperatures, the
surface of the derived biochar was less aliphatic due
to the decomposition of dehydroxylation and Ocontaining functional groups, which was supported
by FTIR spectra.
With increased KMnO4 concentration, the
yield, pH, and ash content of the derived biochars
also increased, while SSA decreased. Due to the
etching of activation agent new pores could be
observed in the wall of tubular pores by ESEM.
The addition of rice biochars could increase
pH values of leachates and effectively reduce Cd
release from paper sludge. Rice biochars may serve
as a promising soil remediation agent under acidic
soil situations for Cd immobilization. However, rice
biochars did not show obvious immobilization of
Pb. In summary, rice biochars may be effective at
reducing some heavy metals from leaching in paper
sludge applications for land management. In general, rice biochars show promise to reduce Cd
leachates, however, rice biochars do not appear
effective at reducing the leaching of Pb.
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year, keeping the climatic conditions under control.
It is called "greenhouse" in practice where climate
conditions are kept under control and production is
done all year round. Greenhouses can be used to
produce various cultivated plants, seeds and seedlings throughout the year without completely or
partially adhering to the environmental, climatic
conditions with the control of factors such as temperature, light and humidity.
Greenhouses are various vegetable production
structures covered with glass, plastic and lightpermeable materials [1-3].
Greenhouses provide a suitable environment
for the intensive production of various crops. They
are designed to control solar radiation, temperature,
humidity and carbon dioxide levels in the aerial
environment. The availability of solar radiation and
its daily and yearly distribution has a tremendous
influence on productivity and quality of plant
growth and also on comfort living [4].
The most extensive and effective environmentally controlled production takes place in greenhouses. New innovations and developments for
greenhouse production go hand in hand with efforts
for sustainability. The greenhouses must be heated
to ensure high yields and high quality. However,
the high heating cost (20%-60%) adversely influences production. Costs Sustainability of greenhouse production can only be maintained with an
increase of energy efficiency. Use of renewable
energy sources in place of fossil fuels is only meant
to increase energy efficiency [5].
The most important energy requirement in the
climate conditioning of the greenhouses is the heating applications in the winter months. In cold seasons, heating expenditures for the purpose of extracting the greenhouses' internal temperature to the
values suitable for the plant requirements constitute
about 60% of the total production costs. For this
reason, breeders usually only heat their greenhouses
in order to protect against freezing and the expected
benefits from greenhouse farming are not fully
achieved [6].
The greenhouse heat requirement depends on
the amount of heat lost from the greenhouse. The
loss of heat from a hothouse is due to the three
forms of conduction, convection and radiation of

Greenhouse agriculture is limited only by the
shores of the Mediterranean and Aegean regions in
Turkey. Greenhouse agriculture is not preferred by
the producers in other regions. Especially when the
Dicle basin is chosen as an example, it is necessary
to heat the greenhouses in order to achieve the
optimum conditions in cold seasons. However,
heating costs even in temperate regions has a major
share in the total production expenditure. For this
reason, in our country, local heating is only applied
to protect the plants from freezing in order to prevent regular heating in the greenhouses. Failure to
achieve the required level of climate conditions and
the lack of heating brings with it problems such as
low yield, limitation of production and the necessity
of using the hormone.
Environmental data, such as climate, altitude,
slope and aspect are important in choosing the
greenhouse location. In this study, a Geographic
Information System (GIS) -based Multi-criteria
evaluation for greenhouse site selection were applied in 5 provinces (Diyarbakir, Mardin, Siirt,
Batman and Sirnak) of the Dicle basin using these
data. The validity of the results has been checked
over with the field studies and also compared with
the climatic conditions and production capacity of
Adana Province, which is the third greenhouse
production area in the Mediterranean Region. The
suitable, non-suitable or partially suitable areas for
greenhouse siting were determined in the basin by
using GIS.
%$ 
Greenhouse Siting, GIS, Multi-criteria Decision Analysis, Spatial Impacts, Land Suitability



!"!
In order to meet the food needs of today, more
production and more efficiency are needed. By
increasing the greenhouse agricultural areas, it is
possible to continue food production for 12 months.
The food production can be done throughout the
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is one of the most important applications that increase the profitability of greenhouse agricultural
techniques where production can be carried out
throughout the year. They stated that if the works
on this issue increase it would make a great contribution to Turkey's economy.
[11] examined Turkey's renewable energy resources separately and investigated the possibility
of using the potential of the current situation more
efficiently. In addition, he presented some proposals for the solution of the energy problem. In
this context, he emphasized that a geothermal law is
urgently needed to search, operate and use geothermal resources in the most appropriate conditions and to prepare the actual inventory of Turkey's geothermal potential.
Multi-criteria Decision Analysis (MCDA) is a
solution applied in situations where more than one
criteria must be evaluated together. The basic
method of solving the problem is to divide the
problem into small, simple and understandable
pieces so that a meaningful result can be obtained
from these pieces [12].
MCDA includes the definition of the problem,
the criteria for probing and the stages of determining the suitability of these criteria [12].
MCDA is a process that needs to be selected
from among many criteria with a preselection that
varies according to the decision maker. The result is
obtained with weights given to the measures, and
these measures can have different weights for the
decision maker, so the accuracy of the criterion for
the criterion [13].
GIS has been developed as a tool for the construction of all kinds of land use planning. The
multifunctional applications of GIS make it possible to analyze spatial data, consolidate the information obtained from these analyzes, and store
them. GIS helps to decide on the processing and
distribution of agricultural land and can be used for
administrative purposes [14].
Latinopoulos focuses on the combined use of
geographic information systems (GIS) and spatial
multi-criteria decision analysis, aiming to provide a
decision tool for wind-farm planning at the regional
level. This procedure has been developed by means
of various technological, economic, social, and
environmental criteria (known as siting criteria),
which were used either as constraints and/or as
evaluation factors in order to identify first the potential/appropriate sites for wind farm installation
and then to evaluate these sites using a composite
Suitability Index (SI). The proposed decision tool is
thus able to get the optimal locations for future
projects, as well as the suitability score of the already licensed projects [15].
In the study, Geographic Information Systems
(GIS) were used for analyses and querying and
Multi-Critical Decision Analysis (MCDA) was
used for interpreting and solution. MCDA is a solu-

heat transfer. Generally, heat changes occur at the
same time. Greenhouse heat demand is calculated
by combining all the heat losses with a coefficient
in the heat loss equation [7].
In Turkey, although almost all of greenhouse
production is done in the Mediterranean Region,
there are also a fairly limited area of production in
Southeastern Anatolia Region.
Due to the climate conditions and the availability of the fertile lands, it is thought that the
Southeastern Anatolia region could increase the
greenhouse potential in the coming years. In order
to determine the potential areas for greenhouse
development in the Southeastern Anatolia region, it
is necessary to benefit from today's knowledge and
technology to identify potential areas for greenhouse siting in the study area according to the climate and topographic conditions.
With 1460 kWh/m2-year total solar energy and
2993 hours/year sunshine duration, the Southeastern Anatolia is ranked 1 in Turkey. However, because of the topography and the continental climate,
greenhousing is not preferred if the basin.
In our country, studies related to the selection
of greenhouse sites are generally based on the conditions of cultivation and indoor conditions in existing production areas. For example, [8] examined
the problems of greenhouses. He stated that, Southeastern Anatolia Project is a regional development
project in every direction and it provides great
agricultural developments and changes to the region
and the most important of these changes is the start
of greenhouse activities with geothermal resources.
The researcher revealed that the greenhouse activities were a new culture in the Harran Plain and
greenhouse activities based on geothermal energy
were carried out in the plain. He also stated that
greenhouse activities provided agricultural diversity, increased employment and agricultural population.
[9] stated that there is an increasing demand
for geothermal energy as greenhouses, energy
source in Turkey as in many other countries, Turkey have important advantages in terms of geothermal energy, heating of greenhouses with geothermal resources may provide an economical opportunity for farming to reduce heating costs to a
minimum if technical and environmental preventions are taken thus helping to increase greenhouse
areas. Also, the geothermal energy sources in Denizli, Kutahya, Simav, Afyon, Kirsehir, Gonen, Istanbul, Sanliurfa and other regions are important opportunities for greenhouses.
[10] made a research due to statistical data
about the development of greenhouse fruit production in Turkey, production sites, the distribution of
the cultivated fruit species and gave suggestions for
increasing variety, quantity and quality in the production of uncovered fruit. In this context, they
stated that keeping climate conditions under control
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tion applied in situations where more than one
criteria must be evaluated at the same time.
In this study, it is aimed to determine the current situation and the potential areas of the Dicle
basin for greenhouses. In this context, climate
(maximum temperature of the warmest month, the
minimum temperature of the coldest month and
annual precipitation, wind direction and speed,
topographic characteristics (Elevation, slope, aspect), soil types, land cover, distance to rivers and
dams data of the study area have been used. These
data are the main material of the study.
The data set mentioned above is layered in the
ArcGIS environment and Multi-criteria Decision
Analysis is performed with this data. It is also
aimed to remind the producers the importance of
greenhouse cultivation for the region and to determine the greenhouse potential of the basin.

The Tigris River is the second largest river in
Western Asia. Its basin is shared by four countries:
Iran, Iraq, Syria and Turkey. 5 provinces in the
basin of the Tigris in Turkey (Diyarbakir, Mardin,
Siirt, Batman and Sirnak) have formed the research
area (Figure 1.). In the study, climatic data layers
representing annual precipitation, maximum temperature of the warmest month, minimum temperature of the coldest month with a a spatial resolution
of about 1 km2 were collected from Worldclim
global database [16]. Elevation, slope, aspect were
derived from GTOPO30 global elevation model
with a resolution of 30 arc seconds (1 km.) [17].
The land cover coverage was taken from the Modis
MODIS/Terra Vegetation Indices 16-Day L3 Global 250 m SIN Grid V006 (MCD13Q1) with 1 km.
resolution [18]. Wind data are taken from the Turkey wind energy potential map prepared by the
General Directorate of Renewable Energy (GDRE)
and resampled to 1 km2 resolution. Study area soil
types are taken from General Soil map of Turkey
prepared by the Ministry of Food, Agriculture and
Livestock (MFAL) (Table 1.).
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Elevation
Slope
Aspect
BIO5
BIO6
BIO12
Wind
Land cover
Soil
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Altitude from the sea level (m)
Slope in degrees obtained from altitude (%)
Aspect in degrees obtained from altitude (Direction)
Max temperature of warmest month (°C)
Min temperature of coldest month (°C)
Annual precipitation (mm)
Wind direction and speed (m/s)
Land Cover (-)
Type of Soil (-)
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After this phase, Multi Criteria Decision
Analysis method was used with Geographic Information Systems (GIS) supported by ArcGIS 10.2
package program. According to this method, generally accepted factors in the literature and field studies that are effective in choosing the greenhouse
construction site has appointed as impact factors
and weight values (Table 2.). After assigning values
to the factors, all the obtained factors were evaluat-

ed in GIS environment and 30 m. x 30m. resolution
maps were created. The obtained raster maps were
analyzed with the Weighted Sum function of the
Spatial Analyst Tool in the ArcGIS program. As a
result of the analysis, suitability maps for greenhouse siting were obtained (Figure 2.). The validity
of this map was checked by the land studies and
comparison of the greenhouse suitability map produced for Adana.
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In our study, we have investigated the suitability for greenhouse siting in Adana and in the 5
provinces of the Dicle basin. In this context, 9 criteria that could be effective in the construction of
greenhouses were considered and compared to the
province of Adana where greenhouses were built
more. It is seen that the city of Adana is mainly
divided into 3 parts and greenhouses are rarely
made in the northern districts (Tufanbeyli,
Saimbeyli, Pozanti). The suitability values in
MCDA calculations in these areas were found in
the range of 2.61-4.01. The same MCDA values are
in the range of 3.98-5.27 for the coastal provinces
(Karatas, Yumurtalik, Yuregir, Seyhan, Ceyhan).
According to these values, the greenhouse existence
of Adana province also meets in these regions.
Mardin province is considered to be the closest
province to Adana in terms of the appropriateness
of greenhouse due to climatic and topographic
conditions
The total area of Mardin province is 8891
km2, of which 37% is considered as agricultural
land. In the study conducted, 4 of the 6 districts of
the province were found suitable for greenhouse
cultivation. The central and northern part of Mardin
province is determined as partly suitable for greenhouses and is not suitable for greenhouse siting
(Figure 3a.).
The province of Diyarbakir is seen as partially
suitable for greenhouse siting because of its climate
and its presence in the north. In Diyarbakir, the
areas where greenhouse cultivation will be carried
out, should be selected mainly in Bismil and Ergani
provinces. The reason for this is Tigris River and its
arms that pass through these districts create a microclimate effect in the basin. Furthermore, in the
produced maps, Egil, Bismil, Cinar and Cermik
districts are seen as partially suitable areas for
greenhouse siting.
When the province of Diyarbakir is examined,
it is seen that especially in parallel with our work,
in the last 10 years of greenhouse production has
increased in Bismil and Egil districts. Kulp and
Hani districts are seen as partially suitable areas for
greenhouse siting. This confirms our studies (Figure 3b.).
In the study, 46.33 % of Siirt province are
seen as partially suitable for greenhouse siting
(Figure 3b.). Kurtalan and Merkez districts should
be preferred if greenhouse activities are to be carried out in Siirt province. The greenhouse production areas of Siirt province showed a very low increase between 1991-2000. However, the number
of greenhouses in the Kurtalan and Central districts
has increased by 75% in the last decade. The reasons for this are the developments in greenhouse
heating systems and the awareness of the farmer of
this region.

In Sirnak province, it is seen that the areas
suitable for greenhouse construction were collected
in Cizre district and its vicinity. When the province
of Sirnak was examined, it was seen that the percentage of areas suitable for greenhouse siting,
partially suitable and unsuitable were 35.44%,
36.10% and 28.46%, respectively (Figure 3d.).
The districts of Merkez, Besiri and Sason are
seen as suitable or partially suitable areas for
greenhouses in Batman province. If greenhousing is
to be carried out in Batman province, it is determined by the study that the central district should
be preferred for this purpose (Figure 3e.).
" 

In the study area, the appropriate greenhouse
siting areas were determined by MCDA analysis
using the ARCMAP 10.2 software. When the whole
study area is examined, it is seen that the suitable,
less suitable and inappropriate areas for greenhouse
siting are 23.09%, 49.25% and 27.66%, respectively. Upon examining the provinces in the study area,
Mardin (37.17%) and Sirnak (28.46%) provinces
are those with the highest percentage of suitable
areas for greenhouse siting in the basin. When the
study area is examined on the basis of districts it is
seen that the most suitable areas for greenhouses
are in Cizre and Kiziltepe districts. As the result,
the use of this work in the greenhouse activities to
be made in the region in the coming years may help
farmers to use the resources properly.
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The erosion trend of soils is significantly associated with the physical and chemical soil properties.
Wet soil aggregate stability (WAS) index is an important parameter in evaluating the erosion trends of
soils. The processes of determining and preventing
the soil erosion and taking measures against it are
quite tiring and long-term. In recent years, estimation and modeling methods are applied to eliminate
the wastages of time and effort that emerge us in the
examination and investigation of soils. In this study,
the soil properties which are measured routinely in
semi-arid ecosystems and the predictability of wet
soil aggregate stability were investigated by using
artificial neural network and multiple linear regression (MLR) technique. For this purpose, 100 soil
samples were obtained from 40 sample fields, and
particle size distribution (sand, silt, clay), soil pH
and organic matter analyses were performed. The
soil properties which were selected based on the results of the statistical evaluations were used as independent variables. Accuracy of the predictions was
evaluated by Mean Absolute Percentage Error
(MAPE) and the root mean square error (RMSE) between the measured and predicted parameter values.
The value of MAPE and RMSE derived by ANN
model for WAS were 3.20 and 4.19 respectively.
The corresponding values for MLR model were
13.10 and 8.32 respectively. Results showed that
ANN with six neurons in hidden layer had better performance in predicting soil properties than MLR.



in fight against the soil erosion. The soil erodibility
is affected by chemical properties (pH, exchangeable
cations, plant nutrients) and physical properties.
Among these, the aggregate stability is accepted as
one of the main soil properties regulating the soil
erodibility especially in arid and semi-arid environments [2-3]. Numerous studies describe the relationships between aggregate stability indexes and soil
erosion [4-5].
The preservation of soils on earth and increasing their continuity and productivity can be possible
by learning the soil properties and ensuring their use
in accordance with these properties. However, the
examination and investigation of soils require longterm, costly, tiring field and laboratory studies. In recent years, estimation and modeling methods are applied to eliminate the wastages of time and effort that
emerge us as a serious problem in the examination
and investigation of soils. One of the methods in
these studies is the model that uses the artificial neural network (ANN).
Recently, ANN has been applied to many
branches of science. In addition to ANN can be used
for estimating wet soil aggregate stability [6-7] modeling of some soil properties [8], predicting of cation
exchange capacity [9-10], prediction soil erosion
[11-12].
The aim of this study is to investigate the soil
properties which are measured routinely in semi-arid
ecosystems and the predictability of wet soil aggregate stability by using ANN and multiple linear regression technique.

" !"!

!9:)= 7*&The research area in the Eastern
Black Sea Arc Section is located in the north of
Gümüşhane-Şiran district (Fig. 1). Koruluk Dam
(2005), Kızlarkalesi (1998) and Telme Ponds (1992)
which are established for agricultural irrigation are
located in Gümüşhane - Şiran district where the research area is located.
The lower cretaceous limestone, pebble stone,
sandstone, mudstone, eocene aged volcanic andesite-basalt rock and lower cretaceous volcanic, sedimentary rock are surfaced in the research area [13].
In determining the type of climate of the research
area, Kelkit weather station data (1965-1989) were

%$ !
Artificial neural network, multiple linear regression, soil
erodibility, wet aggregate stability, semi-arid ecosystems
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The soil erosion, one of the most important ecological problems in the world, poses a threat also for
Turkey which is located in the arid and semi-arid climatic zone. Every year in Turkey, an average of 9
million tons of plant nutrients are lost along with the
fertile soil losses due to erosion, and the productivity
of ecosystems is rapidly decreasing [1].
It is important to know the erodibilities of soils
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used, which is close proximity to Şiran district [14].
According to Thornthwaite climate analysis [15], the
research area is in the climate type of "semi-arid, at
low temperature (microthermal), having little or no
excess water, close to the continental climate indicated by DC'2db'2 symbol". The research area which
is located within the boundaries of Eastern Black Sea
Region of the Black Sea Region is located behind the
Black Sea and cannot get the effect of the sea. The
total amount of precipitation is 348.6 mm, and most
of the precipitation falls in winter and spring. Summers are hot and dry. The average annual temperature is 7.4 °C; and the highest monthly average temperature is observed in July and the lowest monthly
average temperature is observed in January.
Regarding the land use/cover of the research
area, there are forests, pastures and agricultural areas. As forest trees, species such as Juniper, Oak,
Scotch pine and Aspen are distributed in the research
area.

stability [16]. Particle size distribution (2-mm) and
soil organic carbon (0.5 mm) were determined using
disturbed soil samples using the Bouyoucos hydrometer method and the modified Walkley-Black wet
oxidation procedure, respectively [17]. Soil organic
matter (SOM) was calculated by multiplying soil organic carbon by 1.72 [17]. Soil pH were measured
using the procedures outlined by Arp. Wet soil aggregate stability (WAS) was determined by applying
the standard procedure in Yoder type of screening set
[18].
4)*11.3, "*(-3.6:*8 79.+.(.&1 *:7&1
*9<470  Artificial neural network (ANN)
is an information processing technology which is developed being inspired by biological nervous system. ANN also has nerve cells which are in communication with each other as in biological neural networks (Fig. 2).
These cells are also called as "process elements" in the engineering science. Each process element has 5 sub-elements. These are called as inputs
(xi), weights (wi), addition function, activation function and output of the cell [19].
The addition function in the artificial nerve cell
takes the weighted sum of the inputs by multiplying
the inputs it receives from the outside (Xi) with the
weight value of the connection from which the input
comes (Wi), and determines at what level the neuron
is stimulated. Then, a transfer function is used to reduce the obtained stimulation level between certain
range values before exuding as input.

!4.1 !&251.3, &3) *&8:7*2*398 Sample
areas in the research area were determined by the select sampling method as 40 pieces, respectively, including juniper, oak, scotch and open space land.
Soil samples were obtained from the soil profiles' 010, 11-30, 31-60, 61-110 cm deep levels. A total of
100 soil samples were gained from a total of 40 soil
profiles excavated in the research area.
Soil samples were analyzed in a laboratory for
soil properties including; Particle size distribution,
soil organic carbon, soil pH and wet soil aggregate
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!97:(9:7*4+9-*&79.+.(.&13*7;*(*11
!9&9.89.(&1 &7&2*9*78 Mean absolute percentage error (MAPE) and Root mean square error
(RMSE) were used as the performance criteria in the
study. The following equation shows the calculation
of the performance criteria
  %  &
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In estimation problem which can be solved by
ANN and is based on cause and effect relationship,
inputs are generally independent variables or variables, and the output is the dependent variable. The
aforesaid functional relationship can be written as:

 =  ( 1 , 2 ,......,  )

(1)
In the above function, k represents the independent variable and y represents the dependent variable. Therefore, ANN can be considered as a nonlinear regression model. The most commonly used
type of ANN in estimation problems is the Multilayer Perceptron (MLP). MLP has input layer, output
layer and a feed forward structure which is usually
composed of one, sometimes two or more layers between these two layers [20].
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Here, e_i represents the error (the difference
between the actual observation value and the estimated value), y_i represents the observation value, n
represents the number of data.

:19.51*.3*&7 *,7*88.43 Multiple
Linear Regression Analysis is one of the most commonly used statistical techniques to reveal the causeeffect relationship. In regression analysis, the simplest mathematical expression of the linear correlation between two variables is represented as Y= a +
bx + ε. Based on this equation, the measurement result which can be taken by the dependent variable Y
for a certain level of the independent variable default
x can be modeled by considering to make a mistake
as much as ± ε. In cases where the number of independent variable is more than one (such as x1, x2,
x3,..), the general structure of the equation takes the
form of and such equations are called multiple regression equations. 
Y = a + b1x1 + b2 x2 + b3x3 +…. + bnxn ± ε

&

!#"!!#!!!

!9&9.89.(&1;&1:&9.438The soil properties of
the study area vary at wide ranges (Table 1.). 
" 
"-*)*8(7.59.;*89&9.89.(84+9-*84.189-*8:'/*(9
4+89:)=3 
Soil Properties
Min
Max Mean S.D.
% Sand
46
94
74
12
% Silt
2
29
11
4
% Clay
3
41
15
10
% OM
0.14
7.58
2.46
1.80
0.70
pH
5.23
8.11
6.70
%WAS
29.80 80.50 52.79 12.10

(2)

a (bias), b1, b2,..,bn parameters in equations
can be calculated by the least squares approach [21].
MLR analysis was carried out by using SPSS statistical package [22].

Note: OM: Organic Matter, WAS: Wet soil aggregate stability, SD: Standard deviation
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477*1&9.439&'1*'*9<**384.15745*79.*8&3)$!
%Sand
%Silt
%Clay
%OM
%pH
WAS (%)
-0,609**
0,138
0,700**
0,350**
0,368**
Note: OM: Organic Matter, WAS: Wet soil aggregate stability

#  
"-*7*1&9.438-.5,7&5-.('*9<**39-*2*&8:7*);&1:*8&3)9-*;&1:*8*89.2&9*)'=
 24)*14+9-*$!;&1:*8

performed a bad performance when the values with
measured WAS and which were estimated as a result
of the MLR model.

For instance, the clay ratios of the soils varied
between 3 - 41%, the organic matter concentrations
varied between 0.14 - 7.58% and the WAS values of
the soils varied between 29.80-80.50% (Table 1.)
There are many soil properties that affect aggregate
stability and erodibility [23-24]. To examine correlations for preference of independent variable is considered to be a correct decision in the studies of estimation related to soil. Therefore, the independent
variables that could be added to model were investigated to estimate WAS in a reliable and stable way,
and the correlation test was used to examine the relationships between the independent soil properties
found WAS (Table 2.).

79.+.(.&1*:7&1*9<4704)*1In
this study, back-propagation (BP) learning rule used
in ecological modeling and soil science and multilayer perceptron (MLP) as well as many studies were
used for the neural network analysis [25-26].
The artificial neural network (ANN) was developed to estimate WAS by using the statistical evaluation results and using the independent variables included in the model MLR. When studies in the literature are analyzed, the number of one hidden layer
achieves successful results [27]. Therefore, one hidden layer was preferred in solving the existing problem. The six neurons in the hidden layer was determined by trial and error method to give the best result for the training and validation sets. In ANN
model established, sigmoid activation function was
used as the hidden layer activation function. The linear activation function (identity function) was used
as the output layer activation function. The method
that gave the best result for learning method was investigated, and levenberg marquardt algorithm was
used. The data set was automatically and randomly
divided into three subsets by the software as 80%
training, 10% test and 10% validation.
The model was trained for 1000 iteration, and
the performance criteria results are presented in Table3. The model achieved the best performance in
the 4th iteration.

$*9 !4.1 ,,7*,&9* !9&'.1.9= 89.2&9.43
:19.51* .3*&7 *,7*88.43 4)*1   In
multiple linear regression model, sand, clay, organic
matter and pH of the soil properties were used as independent variables. MLR was established by analyzing these variables and wet soil aggregate stability (WAS) data in SPSS program. As a result of the
analysis, the optimal regression equation was constructed as follows:

WAS(%) = - 34.438 + 1.712 * Clay% + 0.752 *
Sand% + 2.067 * OM%
(5)
In Table 2., the fact that MAPE is greater than
10% according to performance criteria of the MLR
model indicates that the model performed a poor estimation. In addition, it can be seen in Fig. 3 that it
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4)*15*7+472&3(*(425&7.843+47$!*89.2&9.43
Performance Criteria
MAPE
RMSE
13.10
8.32
MLR
Clay%, Sand%, OM%
ANN
4.19
3.20
Note: MLR: Multiple Linear Regression, ANN: Artificial Neural Network, MAPE: Mean Absolute Percentage
Error, RMSE: Root Mean Square Error
Model Type

Inputs

#  
7&5-.(4+9-*7*1&9.438-.5'*9<**39-*2*&8:7*)&3)*89.2&9*)$!;&1:*8

caused by the fact that MLR model required a larger
amount of data [30]. Furthermore, the data should be
linear and normally distributed and should have constant variance, and there should not be autocorrelation and multiple connection between the independent variables to implement the multiple regression
model [21]. In MLR model, the sum of sand, silt and
clay variables which are involved in the model as independent variables is equal to 100% for each soil
sample. Therefore, statistically strong relationships
can be usually seen between independent variables
in studies regarding the soil [31]. Moreover, in an
ecological system, each living community has mutual and dynamic relationships between its members,
each others, the environment where they grow and
live and the factors forming this environment [18].
These relationships may be weak or strong, and
therefore the regression model's assumption that
"there should not be strong relationships between independent variables" cannot be provided in some
cases.
In MLR equation we established for WAS estimation, multiple connection problem and the lack of
providing the assumption of the absence of autocorrelation were observed. The procedures to follow to
eliminate this result are to apply the non-linear regression model, to remove the independent variables
which are not allowed by the model out of the model,
to transform the explanatory variables and to provide
more data [32-33-34]. However, these procedures

MAPE and RMSE criteria which are used in
calculating the predictive power of the network were
calculated as 4.19 % and 3.20 % respectively (Table
3.). The facts that both performance criteria were low
and MAPE was less than 10% indicate that the
model performed a successful prediction. When the
studies in literature are analyzed, it was stated that
MAPE performed a successful prediction when it
was less than 10% [28]. Besides, in another study,
the estimation models with the MAPE value of less
than 10% were classified as "very good" models,
those with values between 10% -20% were classified
as "good" models, those with values between 20% 50% were classified as "acceptable" and those with
values over 50% were classified as "false and incorrect" models [29]. In addition, the performance
graphic of the network developed are presented in
Fig. 4.
425&7.843 4+   &3)  4)*18
When the results obtained from ANN and MLR were
compared, it was observed that ANN performed
more appropriate estimation in estimating the soil
properties which are routinely measured and WAS
in the semi-arid ecosystems. As a result of ANN, the
fact that RMSE and MAPE criteria was low and
MAPE was less than 10% indicate that the model
performed a successful estimation.
The fact that MLR achieved an estimation result in a worse performance than ANN may be
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cannot either eliminate the problem completely or do
not give secure results [31-35]. It is possible to say
that the ANN method can be easily preferred in cases
where the necessary assumptions are not provided to
perform the regression analysis used [36]. In addition, it was seen in some of WAS estimation studies
that ANN gave much better results than the regression models [37-6-7].

#!!
As a result of this study carried out, it was concluded that WAS could be estimated with the soil
properties which are routinely measured by ANNs in
which the basic soil analyses are used. While estimating WAS values, determination of the direct and
indirect effects on WAS and on the independent variables showing high correlation by correlation analysis is important in terms of learning success of the
network trained and saving time for the researcher.
It was endeavored to select the properties of the research soils as independent variables from the basic
soil analyses to create a useful model, and to perform
measurements in wide ranges. As a result of the
study, the established network was included in the
"good" class based on the literature sources. The
measurement of WAS in laboratory conditions can
be laborious, time consuming and expensive in case
the number of the samples is too much. Alternatively, ANNs can provide great convenience in estimating WAS by resorting to the use of data sets that
are formed by easily measured soil properties as inputs. Furthermore, difficulties emerge in providing
assumptions needed for the realization of regression
in this study or similar studies. It is possible to say
that the ANN method can be easily preferred in cases
where the necessary assumptions are not provided to
perform the commonly used regression analysis.
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Birds as a group are useful as biological indicators
because of occurring in the middle of food chains,
are sensitive to environmental change, and are widespread, diverse and mobile in terrestrial areas [9].
Parus spp (Tits) are small insectivorous passerines [10] inhabiting much of Palearctic [11]. Their
diet consists of arthropods [12], especially caterpillars and spiders during the breeding season [13, 14,
15, 16], and more frequently plant materials during
the winter season [17]. Coal tits (Periparus ater (L.))
are common in coniferous forests in Scotland [18],
and Sweden [19, 20]. Great tits (Parus major L.), and
Blue tits (Cyanistes caeruleus (L.)) are associated
with deciduous woodlands and coniferous forests in
Europe [21, 22], but they also are distributed widely
in parklands, gardens, urban areas, and agricultural
lands [4, 13, 23, 24]. Great tits prefer to feed in deciduous and mixed forests of central Europe [17].
Marsh tits (Poecile palustris (L.)) use woodlands and
scrub-shrub areas in the United Kingdom [4, 25].
Marsh tits, Great tits, and Blue tits breed in similar
habitat [26].
Knowing important habitat structural elements
and their relationships for bird species is important
for conservation and management of birds. There is
limited knowledge about habitat use by tit species in
Turkey. The objective of the current study was to
document habitat use by tits. We tested the hypothesis that tits abundance varied among habitat types.
We also explored the relation between tit species and
habitat characteristics.

ABSTRACT
Tits are small insectivorous passerines inhabiting much of Turkey; spatially distributed due to habitat selection. The objective of the current study was
to document habitat preference of the tit community
in the Yuvacik Watershed in northwestern Anatolian. We tested the hypothesis that tits abundance
changed based on habitat types. We sampled a total
of 12 plots from 4 habitat types (deciduous forest,
coniferous forest, scrub-shrub, and farmland)
monthly during 2007. We recorded four (4) tit species: Blue tit Cyanistes caeruleus, Coal tit Periparus
ater, Great tit Parus major, and Marsh tit Poecile
palustris; 354 individual birds were counted during
12 surveys. Tits were influenced by habitat types in
Yuvacik watershed. Coal tit are adapted to coniferous forests. Great tit and Blue tit were distributed
widely in coniferous forests, scrub-shrub areas, and
farmlands. Marsh tit was associated primarily with
deciduous woodland. Elevation, cover percentage,
and vegetation height influenced positively the abundance of total and individual species. Three parameters (elevation (m), canopy cover (%), and maximum
habitat height (m)) showed differences among habitat types for tit species. Coniferous forests and deciduous forests exhibited similar characteristic, as did
scrub-shrub areas and farmlands. Tit species are resident and reproduce in the Yuvacik watershed.
Hedgerows in farmland, and mature habitats should
be protected and sustained to enhance breeding success of tits.

MATERIALS AND METHODS
KEYWORDS:
Coal tit, Great tit, Coniferous forest, Deciduous forest,
Farmland, Scrub-shrub area

Study area. The study was conducted behind
the Yuvacik GDPORFDWHGDW¶1 DQG¶(.
Yuvacik dam was constructed in 1999 to supply
drinking water to the province of Kocaeli (Figure 1).
Numerous creeks flow into three (3) major streams
draining the entire 25,800 ha watershed area. Elevation of the study area ranges from 170 m to 1300 m.
Agriculture and livestock grazing are major land
uses. Scrub-shrub and forest areas also exist in the
watershed boundary. Beech (Fagus orientalis
Lipsky), Oak (Quercus spp.), Hornbeam (Carpinus
betulus L.), Torch pine (Pinus nigra Arnold.), Scots

INTRODUCTION
The literature on effects of habitat structure on
bird species richness and density is abundant and
varied [1-7]. Habitat selection of birds refers to a
process, and is influenced by many extrinsic factors
that influence habitat selection [8]. These facts are
often explained in terms of the number of "niches"
or "ways of life" which the habitat provides [1].
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sampling plot (each of 30 m radius), tits were observed and counted regularly between 15th and 20th
day of every month one times from January to December 2007. Observations were made during the
morning from sunrise to 1100 hours and from 1400
hours to sunset. Each count was made by directly observing and hearing sounds of birds in 15 minute-intervals in the center of the sampling plots. Single observer recorded the data employing point count
methodology [28, 29]. Tit species identification was
based on several field guides [30, 31].

pine (P. sylvestris L.), and Turkish fir (Abies bornmülleriana Mattf.) are the predominant forest tree
species. Forests comprise of pure as well as mixed
stands of these particular species. Zengin et al. [27]
reported the mean annual precipitation as 1038.7 mm
and the mean annual temperature as 9.5°C.
Sampling. For sampling, we selected 12 plots
from four (4) habitat types (deciduous forest, coniferous forest, scrub-shrub, and farmland), and each
habitat type was replicated 3 times (Figure. 1 and Table 1). The sampling was made a point for each plot.
GPS was used to determine plot coordinates. Habitat
characteristics as elevation (m), canopy cover (%),
and maximum habitat height (m) were determined.
Elevation was measured by GPS. Canopy cover was
estimated as percentage by personal observation.
Maximum habitat height was performed by measuring the highest tree or shrub by altimeter. In each

Data Analysis. We used one way analysis of
variance (ANOVA) to compare number of tits by
species and overall among habitat types. Tit species
were examined in relation to habitat characteristics
and season (winter, spring, summer, and autumn) by
the Generalized Linear Mixed Models via Penalized

FIGURE 1
Map of Yuvacik watershed and sampling plots.
Letters are initials of habitat type (Coniferous forest, Deciduous forest, Farmland, and Scrub-shrub area), numbers are code of plots

TABLE 1
The sampling plots (Coniferous forest, Deciduous forest, Farmland and Scrub-shrub area) and their some
habitat features
Sampling plot

Dominant plants

Coniferous F. 1
Coniferous F. 2
Coniferous F. 3
Deciduous F. 1
Deciduous F. 2
Deciduous F. 3
Farmland 1
Farmland 2
Farmland 3
Scrub-shrub A. 1
Scrub-shrub A. 2
Scrub-shrub A. 3

Black pine
Black pine
Nordmann fir, Scotch pine
Oak
Beech
Beech, Horn bean, Chestnut
Hazelnut
Grain, Hedgerow
Vegetable, Hedgerow
Pseudomaquis
Pseudomaquis
Pseudomaquis

Elevation(m)

Cover (%)

740
780
1140
620
860
970
490
430
820
400
200
180

60
50
80
90
100
90
50
20
30
90
70
50
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Max. Vegetation
Height (m)
10
10
25
18
20
15
3
8
10
3
3
2
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Cyanistes caeruleus (Blue tit), Periparus ater (Coal
tit), and Poecile palustris (Marsh tit). Tits numbers
were found mostly in coniferous forest. Coal tits
were the most abundant and marsh tit the least abundant (Table 2).
High number of zero values was caused to our
samplings not to show normal distribution. According to our analysis; it was showed that zero-inflated
negative binomial (ZINB) for Coal tit, zero-inflated
Poisson (ZIP) and (ZINB) for Blue tit, negative binomial models for Marsh tit and ZINB for Great tit.
Poisson distribution is not suitable for four tit species
(Table 3).
The ANOVA revealed a significant influence
of habitat type on total tits (F3,140 = 3.55, P = 0.016),
Coal tit (F3,140 = 6.30, P <0.001), and Marsh tit (F3,140
= 3.03, P = 0.032), but not Blue tit and Great tit (Table 4).
Total individual number of Paridae were influenced by vegetation height. However, among the
Paridae species, Marsh tit was the only species that
influenced. Paridae species were observed mostly in
the summer in terms of seasons. Observance probability was found the highest for Coal tit in summer,
in winter Great tit, in spring Marsh tit. According to
GLMM, except vegetation height and season, the
other environmental factors are not important for
Paridae number (Table 5).

Quasi-Likelihood testing. Plot was used as a random
effect term to take into account that 12 bird survey
plots were sampled within four different habitat
types. In Program R Gui, we used as model:
glmmQPL((abundance+1)~Elevation+Canopy
cover+Vegetation height+Season, ~ 1|Plot).
To determine most appropriate distribution for
tit species, we use Akaike Information Criterion
(AIC). Then it was applied Poisson, negative-binomial (NB), zero-inflated negative binomial (ZINB)
and Zero-LQÀDWHG3RLVVRQ =,3 modeling procedure
to allow for over distribution and the high proportion
of zero observations in the data [32].
Modeling was conducted in habitat variables.
All models were defined the analysis: 22 models
were defined based on the variables, elevation, canopy cover, vegetation height and season. Principal
component analysis (PCA) was used to differentiate
habitat types based on all parameters measured in the
study. The first 2 axes (PC1 and PC2) were compared with habitat types using ANOVA. Significance was set aW WKH Į   OHYHO $OO WHVWV ZHUH
conducted using Program R Gui.

RESULTS
Altogether, 354 individual birds were recorded
belonging to four tit species during 12 sampling periods with three replicates; Parus major (Great tit),

TABLE 2
Distribution of tit species (numbers) in habitat types (Coniferous forest, Deciduous forest,
Farmland and Scrub-shrub area)
Coniferous F.
Deciduous F.
Farmland
Scrub-shrub A.
Total

Great tit
26
26
40
36
128

Blue tit
16
13
6
10
45

Coal tit
148
7
3
5
163

Marsh tit
5
12
0
1
18

Total
195
58
49
52
354

TABLE 3
Akaike information criterion (AIC) for the Poisson, negative-binomial (NB), zero-inflated Poisson (ZIP)
and zero-inflated negative binomial (ZINB) models for four tit species abundance
Poisson
Negative binominal
ZIP
ZINB

Coal tit
660.79
241.83
328.95
222.04

Blue tit
239.43
202.40
190.11
192.04

Marsh tit
90.04
88.06
NA
NA

Great tit
468.59
361.83
358.20
355.08

TABLE 4
One-way ANOVA for habitat type (Coniferous forest, Deciduous forest, Farmland and Scrub-shrub area)
by species (P <0.05*, <0.001**)
Species
Blue tit
Coal tit
Great tit
Marsh tit

[ࡄ±SE
0.31±0.08
1.13±0.08
0.89±0.14
0.13±0.04

Habitat Type
F
df
0.55
3,140
6.30
3,140
0.71
3,140
3.03
3,140
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P
0.651
<0.001**
0.549
0.032*
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TABLE 5
Results of The Generalized Linear Mixed Models (GLMM) via Penalized Quasi-Likelihood testing the effects of habitat features
Total tit abundance

CI (95%)
-0,162- 0,315

Coal tit abundance

0,149-0,236

Blue tit abundance

-0,430²0,092

Great tit abundance

-0,622-0,115

Marsh tit abundance

-0,502-0,190

Variable
Intercept
Elevation (m)
Canopy cover (%)
Vegetation height (m)
Spring
Summer
Winter
Intercept
Elevation (m)
Canopy cover (%)
Vegetation height (m)
Spring
Summer
Winter
Intercept
Elevation (m)
Canopy cover (%)
Vegetation height (m)
Spring
Summer
Winter
Intercept
Elevation (m)
Canopy cover (%)
Vegetation height (m)
Spring
Summer
Winter
Intercept
Elevation (m)
Canopy cover (%)
Vegetation height (m)
Spring
Summer
Winter

T value
-1,01
0,27
-1,83
2,09
0,73
2,02
0,99
-1,62
0,41
-1,48
1,57
0,10
2,27
0,43
0,65
-0,74
0,42
0,74
0,95
-0,24
0,82
1,61
-0,82
-0,19
0,40
1,82
0,57
2,62
-0,98
-1,76
1,33
2,17
3,50
0,01
1,75

P
NS
NS
NS
0,038 **
NS
0,045
NS
NS
NS
NS
NS
NS
0,025 **
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
0,009 **
NS
NS
NS
0,032 **
<0,001 **
NS
NS

(Elevation, Canopy cover, Maximum vegetation height) and season (Autumn, Winter, Spring, Summer) on bird abundance.
Confidence interval (CI) is for Standardized Within-Group Residuals. The Akaike information criterion (AIC) is measured
always as not available (NA)

TABLE 6
The most appropriate model selection was made in accordance with AIC.
Species
Coal tit
Blue tit

Great tit
Marsh tit

Model
ZINB
Canopy cover*Vegetation height + Season
ZIP
Elevation+ Vegetation height
ZINB
Elevation *Canopy cover + Vegetation height +Season
ZINB
Elevation *Canopy cover + Season
NB
Canopy cover

AIC

P

215.47

0.003**

185.37

0.008**

182.11

***

344.76

0.021*

94.34

***

Į Į Į
Į 6LJQLILFDQFHOHYHO1%QHJDWLYH-binomial; ZINB, zero-inflated negative binomial; ZIP, Zero-LQÀDWHG3RLVVRQ

similar characteristics, as did scrub-shrub and farmland habitats (Figure 2). The PC1 axis explained approximately 39% of the variation among habitat
types with maximum habitat height (r=0.85), elevation (r =0.77) and Marsh tit (r=0.76) all exhibiting
high correlations. The PC2 axis explained 29% of the
variation and the better correlated with first three
variables were Blue tit (r= 0.78), Great tit (r=0.76),
and Marsh tit (r=0.50) (Table 7). Based on habitat
types, PC1 (F3,8 =9.69, P=0.005) varied, but PC2
(F3,8 =0.66, P=0.60) did not.

The canopy cover was common factor that prevented to observe the birds. The vegetation size and
seasons have significant effect on the zero values of
Coal tit and Blue tit. Elevation and canopy cover are
thought as important for distribution of ZINB Great
tit and Blue tit. The most important variable at distribution of NB for Marsh tit was found as canopy
cover (Table 6).
Environmental parameters showed differences
among habitat types (F3,8 =6.02, P=0.001) using
PCA. Coniferous and deciduous forests exhibited
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FIGURE 2
Principal component plot for PC1 and PC2 in relation to variables for habitat types
TABLE 7
Results of principal components analysis (PCA) applied for habitat types.
Eigenvalues
Proportion of Variance
Elevation (m)
Canopy cover (%)
Vegetation height (m)
Number of Coal tit
Number of Coal tit Blue tit
Number of Coal tit Great tit
Number of Coal tit Marsh tit

PC1
2,82
0,39
0.77
0.52
0.85
0.49
0.54
0.09
0.76

PC2
2,05
0,29
-0.46
0.07
-0.36
-0.48
0.78
0.76
0.50

PC3
1,04
0,16
0.24
-0.73
0.12
0.37
0.13
0.54
-0.28

PC4
0,48
0,10
0.22
-0.32
0.29
-0.61
-0.21
-0.01
0.21

PC5
0,44
0,05
0.19
0.30
-0.01
-0.12
-0.18
0.34
-0.22

PC6
0,14
0,01
-0.22
0.02
0.21
0.04
-0.09
0.08
0.00

PC7
0,02
<0,01
0.00
0.01
0.05
-0.04
0.08
-0.03
-0.09

practices, coniferous forests are utilized carefully
and conservation of habitat integrity should be protected. Because habitat fragmentation negatively influenced Coal tit and positively affected Marsh tit
and Blue tit [2].
Tit species reproduce in the Yuvacik watershed
[39]. Breeding success of Great tit and Blue tit increased with hedgerow height in farmlands [24]. Reproductive success of Blue tit increased with habitat
maturity in Mediterranean forests [40]. Reproductive
success and annual survival of Great tit was similar
between deciduous and coniferous forests [41]. Tit
species are year-round residents in northern Turkey
[35, 42] and in the Yuvacik watershed [39]. However, tits numbers differed during the four seasons as
Marsh tit was absent during summer and autumn in
the study area. Tits were more abundant during
spring due to reproduction.
A separation of habitat types for seven parameters was demonstrated by PCA. Deciduous and coniferous forests exhibited similar characteristics because of vegetation height and elevation. Blue tit,
Great tit, and Marsh tit were of secondary importance in separation of habitat. Similarity between
scrub-shrub areas and farmlands was higher than coniferous and deciduous forests for tit species richness
and abundance.

DISCUSSION
Tits were influenced by habitat types in the
Yuvacik watershed. Coniferous forests were more
preferred by Tits, especially the Coal tit. Blue tit and
Great tit abundance was not different among habitat
types. Blue tit and Great tit used similar habitat types
[4]. Physical differences such as branch-size and leaf
structure in habitats influenced preference between
Coal tit and Blue tit in terms of feeding, hanging, and
perching [33]. Coal tits are adapted to coniferous forests [18, 19, 33]. Great tit and Blue tit coexisted in
the same preferred habitat in Western Europe [34]
and they were more abundant than Marsh and Coal
tit in deciduous forests [35]. As well as Great tit,
Blue tit and Marsh tit associated primarily with deciduous woodland [36, 37], but they also were distributed widely in coniferous forests [23], and farmlands [4]. In Yuvacik watershed, tit species were differently distributed. Although Coal tit was in maximum numbers, the most evenly distributed species
was Great tit.
Total tits abundance was moderately positively
related to vegetation height. Marsh tit had also relation with habitat height. Hinsley et al. [4] suggested
that Marsh tits were influenced tree canopy and
shrub density. The tit abundance increased with the
amount of hedge [38]. Our results show that Coal tit
are dependent on coniferous forests. During forestry

9037

© by PSP

Volume 27 ± No. 12A/2018 pages 9033-9039

Fresenius Environmental Bulletin

[7] Yegorova, S., Betts, M.G., Hagar, J. and Puettmann, K.J. (2013) Bird-vegetation associations
in thinned and unthinned young Doug-las-fir
forests 10 years after thinning. Forest Ecology
and Management. 310, 1057-1070.
[8] Jones, J. (2001) Habitat selection studies in
avian ecology: a critical review. The Auk.
118(2), 557-562.
[9] Gregory, R.D. and Strien, A.V. (2010) Wild bird
indicators: using composite population trends of
birds as measures of environmental health. Ornithological Science. 9(1), 3-22.
[10] Perrins, C.M. (1991) Tits and their caterpillar
food supply. Ibis. 133, 49±54.
[11] BirdLife International. (2016) The IUCN Red
List of Threatened Species. 2016, http://
www.iucnredlist.org/.
[12] Pulido, F.J. and Díaz, M. (1994) Diet and prey
type selection by adult and young blue tits Parus
caeruleus: the effect of correcting for prey digestibility. Ardeola. 41, 151±159.
[13] Barba, E. and Gil-Delgado, J.A. (1990) Seasonal variation in nestling diet of the great tit
Parus major in orange groves in eastern Spain.
Ornis Scandinavica. 21(4), 296-298.
[14] Banbura, J., Lambrechts, M.M., Blondel, J.,
Perret, P. and Cartan-Son, M. (1999) Food handling time of blue tit chicks: constraints and adaptation to different prey types. Journal of Avian
Biology. 30, 263±270.
[15] Mizutani, M. and Hijii, N. (2002) The effects of
arthropod abundance and size on the nestling
diet of two Parus species. Ornithological Science. 1, 71±80.
[16] Pagani-Núñez, E., Ruiz, Í., Quesada, J., Negro,
J.J. and Senar, J.C. (2011) The diet of great tit
Parus major nestlings in a Mediterranean Iberian forest: The important role of spiders. Animal Biodiversity and Conservation. 34(2), 355±
361.
[17] Velky, M., Kanuch, P. and Kristin, A. (2011)
Food composition of wintering great tits (Parus
major): habitat and seasonal aspects. Folia Zoologica. 60, 228±236.
[18] Moss, D. (1978) Diversity of woodland songbird populations. Journal of Animal Ecology.
47(2), 521-527.
[19] Gustafsson, L. (1988) Foraging behavior of individual coal tits, Parus ater, in relation to their
age, sex and morphology. Animal Behaviour.
36, 696±704.
[20] Jansson, G. and Andrén, H. (2003) Habitat composition and bird diversity in managed boreal
forests. Scandinavian Journal of Forest Research. 18(3), 225-236.
[21] Sanz J.J. (1998) Effects of geographic location
and habitat on breeding parameters of Great
Tits. The Auk. 115 (4), 1034-1051.

CONCLUSION
Tits were influenced by habitat types in the
Yuvacik watershed. Coal tit were closely associated
with coniferous forests. Great tit and Blue tit were
distributed widely in coniferous forests, deciduous
forests, scrub-shrub areas, and farmlands. Marsh tit
was associated primarily with deciduous woodlands.
Tit abundance was related moderately positively
with vegetation height. Coal tit numbers increased
with elevation and with vegetation height. Scrubshrub areas and farmlands were similar for tit richness and abundance. Tit species are resident and reproduce in the Yuvacik watershed. Hedgerows in
farmlands, and mature habitats should be protected
and sustained as these help increase the breeding
success of tits.
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heavy metals in the environment [3]. Agro-forestry
waste biomass has attracted more attention from
researchers. Biochar (BC), the solid carbonaceous
product of biomass carbonization in the presence of
limited oxygen, has received much attention because of its applications in carbon sequestration,
waste recycling, soil management, and energy production [4]. Its surface is rich in carboxyl groups,
phenolic hydroxyl groups, carbonyl groups, and
other functional groups. It has a large specific surface area and strong ion-exchange capacity, and it
can adsorb organic pollutants and heavy metals [5].
BC techniques are being developed for the treatment of heavy-metal-containing Cd in wastewater
because of their availability and low cost [6]. New,
environment-friendly, and highly effective Cd adsorbents are still needed, however. The efficiency
of BC in the removal of heavy metals from aqueous
solutions is low and is mainly dependent upon their
physical and chemical properties, which can be
controlled by several factors such as feedstock
source and pyrolysis conditions [7, 8]. Sycamore
wood BC, which is produced from sycamore wood
waste, is a new, readily available material. To improve the Cd adsorption capacity of BC, many
methods for modifying the materials have been
created; however, the mechanisms of adsorption of
heavy metals from wastewater need further investigation.
In this study, sodium hydroxide solution,
phosphoric acid solution, thiourea, and urea solution were used to modify sycamore wood BC. To
synthesize and analyze these adsorbents for their
cadmium sorption ability, sorption experiments
were used to examine the sorption behaviors of
cadmium on these adsorbents under various conditions. The removal efficiencies of the adsorbents
were compared with those of sycamore wood BC.
The objective of this research was to determine the
characteristics and mechanisms of cadmium sorption on the modified sycamore wood BCs.

In this study, biochar (BC) was produced from
sycamore wood through a typical slow pyrolysis
process and modified with sodium hydroxide
(SBC), phosphoric acid (PBC), urea (UBC), and
thiourea (TBC) at various concentrations.The BCs
were characterized with scanning electron microscopy, surface area analysis, and elements analysis.
The efficiency and mechanism of cadmium adsorption by SBC, PBC, UBC, and TBC from aqueous
solution was investigated through a series of adsorption experiments. Results showed that the adsorption efficiencies of SBC and UBC were greater
than those of TBC and PBC. They are also reasonable in terms of treatment costs and are ideal adsorbents. We can infer that chemical modification of
BC changed their surface groups and structures and
thus enhanced or reduced their adsorption properties.


'&!"
Biochar, sycamore wood, cadmium, chemical modification, adsorption efficiency

#!$#
Cadmium (Cd) is a non-essential heavy metal
that is extremely toxic to organisms and ecosystems
[1]. With the increasing use of Cd in industry and
the massive exploitation and utilization of cadmium-associated minerals, emissions of cadmiumcontaining pollutants to the environment have continuously increased, and cadmium pollution has
become more serious. 
With the continuous advancement of science
and technology in recent years, a variety of heavymetal wastewater treatment methods have continuously emerged, including precipitation, ion exchange, adsorption, electrochemical treatment,
photosynthetic bacterial treatment, and activated
sludge treatment [2], but most of these methods
have limited practical applications because of their
high cost. Sorption is a useful method for controlling the toxicity, transport, fate, and behavior of
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5+4(5(7/323,).+1/)(05+(-+276In this
study, the BCs were produced from sycamore wood
through a typical slow pyrolysis process. In brief,
sycamore wood was sun-dried and chopped into
small pieces, which were transferred into a stainless-steel reactor. The reactor was then put in a
muffle furnace (Xianke, Inc., Longkou, Yantai,
China) and heated at 100 °C for 1 h and at 550 °C
for 2 h under O2-limited conditions. The BC was
then ground and passed through a 2-mm sieve and
used for surface modification with sodium hydroxide, urea, thiourea, and phosphoric acid. The concentrations of the modifier were 0.5, 1, 1.5, and 2
M, respectively. The BC–modifier solution (1:5
ratio) was completely mixed using a magnetic stirrer for 3 h and then heated at 100 °C for 1 h. After
repeated washing with deionized water until the
filtrate was neutral, the BC was dried in an oven at
40 °C for 12 h or more. Hereafter, BCs modified
with sodium hydroxide, urea, thiourea, and phosphoric acid and the untreated BCs are termed SBC,
UBC, TBC, PBC, and s-BC, respectively.
All chemical reagents were of analytical
grade. The solution of Cd was prepared by dissolving its sulfate salts (Tianjin Guangfu Fine Chemical
Research Ins., Tianjin, China) in a 0.01 M Na2SO4
solution.

solution were done to determine the influence of
tube wall adsorption. Three parallel experiments
were done for each sample. After adsorption, the
solution was centrifuged and then filtered. The
filtrate was collected, and the mass concentrations
of Cd were analyzed with atomic absorption spectroscopy (Shimadzu AA-7000). Removal efficiency
was calculated from the initial and final aqueous
concentrations.
(7( (2(0<6/6 The efficiency of Cd adsorption, (%), was calculated as follows:
= (0 −e)/0 × 100%
(1)
where0 ande (mg/L) respectively refer to
the original and equilibrium solute concentrations.
!"$#""$""

.(5()7+5/=(7/323,  The major physicochemical properties of SBC, UBC, TBC, PBC, and
s-BC were summarized in Table 1. The specific
surface area was calculated by the BrunauerEmmett-Teller model software (). BET values
of SBC (2.45 m2/g), UBC (2.45 m2/g), TBC (2.37
m2/g), and PBC (2.55 m2/g) were less than that of sBC (2.64 m2/g), lying within the range of BC produced from industrial organic waste (1–50 m2/g),
such as eucalyptus sawdust and peach stones [9].
As expected, the BCs were rich in C (>80%) and
the carbon content of SBC, UBC, TBC, and PBC
decreased relative to that of BC, while the content
of hydrogen and oxygen increased except for TBC
and PBC. The H/C, O/C, and (O + N)/C atomic
ratios of SBC and UBC were 0.48 and 0.46, 0.12
and 0.11, and 0.13 and 0.13, respectively. These are
markedly higher than that of the other BCs, indicating that the BC modified with sodium hydroxide
and urea exhibited higher aromaticity and had more
complete oxygenated functional groups.
SEM is commonly used to analyze the structural morphology of samples. As shown by the
SEM results (Fig. 1), the morphology of SBC,
UBC, TBC, PBC, and s-BC had typically rough and
porous nature, and the structures of SBC, UBC, and
TBC were not similar to those of PBC and s-BC.
The structure with few uneven pores and low specific surface area collapsed, consistent with theBET
analysis.

"758)785(0 ).(5()7+5/=(7/32 3,  The
structure and surface morphologies of 1 M modified BCs were characterized by scanning electron
microscopy (SEM; JSM7500F, JEOL Ltd., Tokyo,
Japan), automatic surface area analysis (Quadrasorb
SI, Quantachrome, Florida, USA), and elements
analysis (Vario EL Cube, Elementar, Hanau, Germany). Details of the characterization of BCs were
presented in Table 1.

*63547/32+;4+5/1+276A stock solution of
Cd was prepared. To initiate the adsorption experiments, Cd solutions with SBC, UBC, TBC, PBC at
initial of concentrations of 2, 5, 10, and 15 mg/L or
BCs dosage at 3 g/L were used. The pH of the solution was maintained at 5.0, and the solution was
shaken at 150 rpm for 2 h.
Adsorption experiments at the corresponding
initial concentration of the control heavy-metal

# 
.<6/)(0(2*).+1/)(04534+57/+63, "$#(2*6
Content (%)
Atomic ratio
biochar
C
H
O
N
H/C
O/C
(O+N)/C
SBC
81.09
3.24
12.97
1.31
0.48
0.12
0.13
UBC
80.52
3.11
11.39
2.37
0.46
0.11
0.13
TBC
82.32
2.73
10.64
0.82
0.40
0.10
0.11
PAC
81.03
2.91
7.04
0.53
0.43
0.07
0.07
s-BC
82.46
2.82
7.70
0.66
0.41
0.07
0.08
Specific surface area of Brunauer-Emmette-Teller (BET); m2/g
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m2/g
2.45
2.42
2.37
2.55
2.64
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*63547/32+;4+5/1+276The performance of
of UBC, TBC, and PBC first increased and then
sycamore wood BC modified with sodium hydroxdecreased.
ide, phosphoric acid, urea, and thiourea in the adWhen the concentration of the modifier solusorption of wastewater Cd2+ at an initial concentration was 0.5 M, the adsorption efficiency of TBC
tion of 2 mg/L was shown in Fig. 2. It could be seen
reached a maximum of 75.5%, and the adsorption
from the figure that after modification, the perforefficiency of PBC reached a highest value of
mance of BC in Cd2+ adsorption from wastewater
67.7%; these showed respective increments by
improved to varying degrees upon modification
20.6% and 12.8% as compared with BC. After the
with sodium hydroxide, urea, and thiourea. When
concentration of the modifier solution was inthe concentration of modifier was ≤0.5 M, the adcreased, the adsorption efficiency of the modified
sorption performance of these modified BCs adsorBCs decreased. When the concentration of the modbents were essentially the same. When the concenifier solution was 2 M, the adsorption efficiency of
TBC decreased to 60.9%, which was 6.0% higher
tration of modifier was >0.5 M, the adsorption
than that of BC. The adsorption efficiency of PBC
performance of modified BCs changed. The order
decreased to 53.4%, which was 2.5% lower than
of modified BCs in terms of adsorption capacities
that of BC. When the concentration of urea solution
was SBC > UBC > TBC. With the increase in sodiwas 1.5 M, the adsorption rate of UBC reached a
um hydroxide concentration, the adsorption perhighest value of 76.7%. When the concentration of
formance of SBC increased continuously, and that
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Fig. 3. We can see from the figure that there was a
significant difference in the adsorption performance
of Cd2+ with an initial concentration of 5 mg/L in
wastewater treated with modifiers at different concentrations. Cd2+ adsorption by SBC showed a
continuously increasing trend. When the concentration of modifier was ≤0.5 M, the adsorption performance of the four modified BCs increased to
varying degrees. When the modifier concentration
was >0.5 M, the adsorption performance of TBC
and PBC showed a decreasing trend. When the
modifier concentration was <1.5 M, the adsorption
performance of UBC decreased. The order of the
four modified BCs according to adsorption capacity
was UBC > SBC > TBC > PBC. Liu modified micro-nanoporous carbon material by using urea and
found that the presence of acidic groups (particularly carboxyl, and phenolic hydroxyl groups) improved the surface defects of graphite microcrystalline; they could favor the attachment of nitrogencontaining functional groups, especially in the generation of pyridine and pyrrole [11]. It explained
the mechanism of urea modification of sycamore
wood BC.

sodium hydroxide solution was 2 M, SBC has the
best adsorption performance, reaching 90.3%.
Tangsathitkulchai [10] found that nitric acid oxidation of chemically activated carbon produced higher
total acidic content and a lower amount of carboxylic acid as compared with oxidized carbon from
physical activation. Both nitric acid and sodium hydroxide modification increased the amounts
of active groups on oxidized carbons and greatly
enhanced the capacity for adsorption of heavymetal ions.
Table 2 showed the fitting curve parameters
for the Cd adsorption efficiency of the four modified BCs. The fitting degree of PBC was poor (2 =
0.559), indicating that this model did not describe
its adsorption behavior well. The fitting of the other
three modified BCs was better (2 > 0.70), indicating that the theoretical maximum adsorption rate
was not much different from the actual maximum
adsorption efficiency.
The performance of sycamore wood BC modified with sodium hydroxide, phosphoric acid, urea,
and thiourea in the adsorption of wastewater Cd2+ at
an initial concentration of 5 mg/L was shown in
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Modifier
Sodium hydroxide
Urea
Thiourea
Phosphoric acid

Fit Curve

R2

Theoretical
Concentration
(mol/L)

Theoretical
Qm (%)

y = 59.84+ 27.820x -7.637x2
y = 59.75+ 29.557x -11.514x2
y = 59.51+ 29.370x -14.699x2
y = 58.69+ 10.219x -7.096x2

0.879
0.790
0.710
0.559

1.82
1.28
0.99
0.72

85.2
78.7
74.2
62.4
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The fitting curve parameters of the Cd2+ adsorption efficiency of the four modified BCs were
shown in Table 3. The fitting degree of TBC was
poor (2 = 0.622), indicating that this model did not
fit its adsorption behavior well. The fitted curve of
the other three modified BCs was better (2 > 0.78),
and the theoretical maximum adsorption rate was
not significantly different from the actual maximum
adsorption efficiency.
The performance of sycamore wood BC modified with sodium hydroxide, phosphoric acid, urea,
and thiourea in the adsorption of Cd2+ at an initial
concentration of 10 mg/L in wastewater was shown
in Fig. 4. As shown in the figure, the Cd adsorptive
performance of SBC, UBC, and TBC increased first
and then decreased, and the adsorption performance
of PBC showed a continuously decreasing trend.
When the concentration of modifiers was <1.0 M,
the Cd2+ adsorption performance of SBC, UBC, and
TBC improved to varying degrees. When the modifier concentration was >1.0 M, the adsorption performance of UBC and TBC showed a decreasing
trend. The order of the four modified BCs in terms
of the adsorption capacity was SBC > UBC > TBC
> PBC.

When the concentration of modifier was 0.5
M, the adsorption efficiency of TBC and PBC
reached highest values of 85.1% and 77.6%, respectively. After that, the adsorption efficiency of the
modified BC decreased as the concentration of
modifiers increased. When the concentration of the
modifier solution was 2 M, it decreased to 69.8%
and 60.5%, which were reductions by 1.3% and
9.8% relative to that of BC. When the concentration
of urea solution was 1.5 M, the adsorption efficiency of UBC reached a highest value of 76.7%. When
the concentration of sodium hydroxide solution was
2 M, the adsorption performance of SBC was the
best, reaching 92.2%. The adsorption rate of Cd2+
on urea- and thiourea-modified biomass also increased significantly. Researchers have found that
the specific surface area of activated carbon modified by ammonium carbonate, hydroxylamine hydrochloride, and ammonia was reduced, and that
the pore structure of the original was destroyed
[12–14]. Therefore, the Cd2+ adsorption efficiency
of the biochar decreased when the modifier concentration was higher than a certain value, almost consistent with our research.
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Modifiers
Sodium hydroxide
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R2
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Concentration
(mol/L)

Theoretical
Qm (%)

y = 74.37+ 15.861x -3.728x2
y = 74.64+ 24.653x -8.706x2
y = 73.85+ 15.841x -9.513x2
y = 72.92+ 1.551x -4.225x2

0.841
0.809
0.622
0.783

2.13
1.42
0.83
0.18

91.2
92.1
80.4
73.1
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an important factor in Cd2+ adsorption.
The fitting curve parameters of the Cd2+ adsorption efficiency of the four modified BCs were
shown in Table 4. Although the correlation coefficient was > 0.71, the theoretical maximum modification concentration and theoretical maximum
adsorption efficiency differ greatly from the actual
value, indicating that this model does not fit the
adsorption behavior well.
The performance of sycamore wood BC modified with sodium hydroxide, phosphoric acid, urea,
and thiourea in the adsorption of Cd2+ at an initial
concentration of 15 mg/L in wastewater wasshown
in Fig. 5. It could be seen from the figure that the
adsorption performance of PBC showed a continuously decreasing trend compared with other modified BCs. The adsorption performance of SBC,
UBC, and TBC first increased and then decreased.
When the modifier concentration was ≤0.5 M, the
Cd2+ adsorption performance of the four modified
BCs improved to different extents. The order of the
four modified BCs in terms of the adsorption capacity was SBC > TBC > UBC > PBC. When the concentration of modifier was >1.5 M, the adsorption
performance of SBC, UBC, and TBC slowly decreased. The order of the four BCs in terms of the
adsorption capacity was SBC > UBC > TBC >
PBC.

When the modifier concentration was 0.5 M,
the Cd2+ adsorption efficiency of TBC reached a
highest value of 92.5%. After that, the Cd2+ adsorption efficiency of modified BC decreased as the
concentration of the modifier increased. When the
concentration of the modifier solution was 2 M, the
Cd2+ adsorption efficiency of TBC decreased to
84.4%, and it increased by 4.3% relative to that of
s-BC. The Cd2+ adsorption efficiency of PBC decreased to 69.9%, which was 17.3% lower than that
of BC. When the concentration of urea solution was
1.5 M, the adsorption efficiency of UBC reached a
highest value of 94.1%. When the concentration of
sodium hydroxide solution was 2 M, BC had the
best adsorption performance, reaching 97.7%. At
the appropriate temperature, the agent of surface
functional groups for biochar reduction modification can improve the oxygen content containing
alkaline groups, enhance the nonpolar surface, and
increase the surface of zero potential point, thereby
enhancing the adsorption properties of nonpolar
substances [15]. Nethaji et al. found that surface of
the activated carbon was largely influenced by the
concentration of sodium hydroxide [16]. With the
increase in concentration of sodium hydroxide,
better surface properties such as surface functional
groups and porous nature were observed. Therefore,
it can explain why the effect of surface properties is
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Theoretical
Theoretical
Concentration
Modifiers
Fit Curve
R2
Qm (%)
(mol/L)
Sodium hydroxide
y =84.07 + 19.509x -6.632x2
0.789
1.47
98.4
Urea
y = 83.54+ 20.138x -8.143x2
0.767
1.12
93.1
Thiourea
y = 82.96+ 18.177x -8.926x2
0.719
1.02
92.2
Phosphoric acid
y = 79.94- 4.253x -0.358x2
0.996
-5.94
92.6
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Modifiers
Sodium hydroxide
Urea
Thiourea
Phosphoric acid

Fit Curve

R2

y = 74.33+ 34.558x -12.051x2
y = 70.64+ 22.665x -8.994x2
y = 73.34+ 16.620x -7.402x2
y = 70.05- 5.001x +0.717x2

0.925
0.979
0.746
0.958

Theoretical
Concentration
(mol/L)
1.43
1.26
1.12
-

Theoretical
Qm (%)
99.1
84.9
82.6
-

shown in Table 5. The Cd2+ adsorption efficiency of
the four modified BCs can be fitted well to this
model (2 > 0.75). The theoretical maximum adsorption efficiency was not much different from the
actual maximum adsorption efficiency.


$""

When the modifier concentration was 1.0 M,
the Cd2+ adsorption efficiency of UBC and TBC
reached highest values of 85.7% and 82.6%, respectively. When the modifier concentration was 2 M,
the Cd2+ adsorption efficiency of UBC and TBC
decreased to 80.2% and 78.2%, respectively, and
increased 15.6% and 12.5%, respectively, relative
to that of BC. The Cd2+ adsorption efficiency of
PBC decreased to 62.7%, which was 5.2% lower
than that of BC. The adsorption performance of
SBC was the best, reaching 96.83%. The porous
structure and surface chemical structure of biomass
adsorption depended on the material features. Oxidation modification of the biosorbent surface generated oxygen groups and enhanced surface polarity, resulting in the enhancement of the hydrophilic
adsorbent surface [17] and the Cd2+ removal ability.
But high concentrations of oxidants can also lead to
the collapse of the structure of the adsorbent; as the
specific surface area decreases, the Cd2+ removal
capacity decreases [18]. The phosphate-modified
adsorbent for Cd2+ was consistent with that of the
adsorption test conclusion.
The fitting curve parameters of the adsorption
Cd2+ efficiency of the four modified BCs were

In this study, BC was produced from sycamore wood through a typical slow pyrolysis process
and modified with sodium hydroxide, phosphoric
acid, urea, and thiourea. The removal efficiency and
mechanism of cadmium adsorption by SBC, PBC,
UBC, and TBC from aqueous solution were investigated through a series of batch experiments. Results showed that adsorption efficiency of SBC and
UBC was greater than those of TBC and PBC. With
the increase in concentration of sodium hydroxide,
the Cd2+ adsorption efficiency of SBC increased.
They are also reasonable in terms of treatment costs
and are ideal modifiers. The adsorption performance of TBC was greater to a certain extent, while
the cost of thiourea was higher. The modifier phos-
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phoric acid at low concentration was favorable for
Cd2+ adsorption by PBC, while PBC had poor Cd2+
adsorption efficiency when the phosphoric acid was
at high concentration. We can infer that the adsorption property of BC is determined by their special
surface structural properties and surface chemical
properties. Chemical modification of BC changed
their surface groups and structures and thus enhanced or reduced their adsorption properties.
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due to the weakness of stem in vetch species results
in reducing the yield and quality of hay as well as
complicates the harvesting process [3, 4] The
vetches should be planted as mixed with cereals to
solve this problem. The steep habitus of cereals
when planted mixed with vetches prevents vetches
from lodge, decay and leaf loss and facilitates the
harvest. Mixtures with compatible species are more
efficient than pure sowing of the same species [5, 6].
The triticale is more resistant to drought and cold,
and taller and has bigger spikes than other cereals
[7]. Barley has advantages of growing in almost all
regions of the country, adaptation to different environmental conditions and suppressing weeds by fast
development [8]. Cultivation of Hungarian vetch
mixed with triticale and barley results in higher hay
yield due to efficient use of environmental resources
by plants in the mixture [6]. The forage quality of
cereals is low though the yield is high. However, legumes produce low dry matter yield and known to
have high feed quality. Therefore, combination of
legumes with cereals is ideal to obtain high yield and
quality of forage production [9].
Increasing the forage production with high
feeding value will lead to an increase in the yield of
animal products in a short-term. Annual wheat-legume mixtures have an important role in meeting the
quality forage demand of livestock farms. Legumes
have higher protein and lower ADF and NDF contents than cereals. Forage quality improves when the
ratio of legumes in pure sowing and mixture increases [10]. Cutting time is another factor determining the quality of forage. Early cutting improves the
protein and digestible dry matter ratio while reduces
forage quality depending on maturation of the plant
[11, 12]. Therefore, determining suitable plant species as well as optimum mixing ratios and cutting
time are extremely important to benefit from the intercropping [5, 6, 13].
This study was aimed to determine the optimum Hungarian vetch and cereal mixture ratio and
appropriate cutting time to provide high yield and
quality forage in region.

ABSTRACT
This study was carried out to determine the performances of pure sowing of Hungarian vetch (HV)
(Vicia pannonica Crantz), barley (Hordeum vulgare
L.), triticale (T) (XTriticosecale Wittmack) and their
mixtures with HV in arid conditions during 20122013 and 2013-2014 vegetation seasons. The experiment was designed based on split plots in a randomized block design with four replicates. Three different cutting times of pure sowing and mixtures were
determined as booting, flowering and milk dough
stages. Vetches were at 10% flowering when cereals
were in booting stage, the vetches were in full flowering while the cereals were in flowering stage,
while the lower pod-setting of vetches, the cereals
were in milking dough stage. The pure sowing vetch
was also harvested during these periods. The highest
wet and dry hay yields, considering the mixture and
cutting time separately, were obtained at the milk
dough stage from the mixture of 25% HV + 75% T.
The crude protein ratio increased with the increase
in HV ratio of mixtures while the ratios of ADF and
NDF decreased. The extend of cutting time from
booting to milk dough stage increased the hay yield
while quality traits were decreased. The superior
yield and quality traits of annual legume + cereal
mixtures, when evaluated along with cutting time,
suggested that harvesting of 50% HV+50% T mixture can be recommended during flowering period.

KEYWORDS:
Hungarian vetch, Cereal, Mixture, Cutting time, Yield,
Quality

INTRODUCTION
Vetch species, high quality leguminous of forage crops are widely found in the flora of Turkey,
but also cultivated in different climate and ecological
conditions [1]. The Hungarian vetch (Vicia pannonica Crantz), which is very resistant to drought
and winter frost among vetch species, is an annual
legume forage crop that is not affected by late spring
and early summer rainfall instabilities [2]. Lodging
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Months
October
November
December
January
February
March
April
May
June
Average/Total
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TABLE 1
Climate data for the growing seasons that the study was conducted
Average Temperature (°C)
Total Precipitation (mm)
2012-2013
2013-2014
Long years
2012-2013
2013-2014
Long years
14.7
10.3
12.8
59.3
20.5
35.1
7.4
7.7
6.4
41.7
40.0
37.2
3.3
-2.1
2.1
90.1
10.4
43.8
1.2
1.9
0.4
29.1
46.2
42.7
4.4
4.2
1.5
39.4
23.4
32.2
7.1
7.3
5.6
14.2
52.2
35.7
11.8
13.1
10.8
46.2
20.0
48.8
18.0
16.3
15.9
15.1
46.6
40.3
21.4
19.9
20.3
1.0
36.0
32.6
9.9
8.7
8.4
336.1
295.3
348.4

placed in main plots and mixture rates were in sub
plots. Three different cutting times were determined
as booting (B1), flowering (B2) and milk dough (B3)
stages. Vetches were at 10% flowering when cereals
were in booting stage, the vetches were in full flowering while the cereals were in flowering stage,
while the lower pod-setting of vetches, the cereals
were in milking period. The pure sowing vetch was
also cutting during these periods. Crops were cutting
at May 09, 2013, May 22, 2013 and May 30, 2013 in
the first year and May 18, 2014, June 02, 2014 and
June 12, 2014 in the second year. A row from each
side of the plots, 50 cm distance from the head and
end of plots were not cutting due to the side effect
[8]. The rest of plants in plots were cut by using a
scythe, weighed and green forage yields were determined. The samples of 500 g green forage from each
plot were dried at 60 ºC to the constant weight and
dry hay yields were calculated [16]. Total N contents
of species and mixtures were determined using the
Kjeldahl method and crude protein ratios were calculated by multiplying the N content by 6.25 [17].
Acid detergent fiber (ADF) and neutral detergent fiber (NDF) were determined using the ANKOM200
Fiber analysis instrument [18]. Digestible dry matter
rates (DDMR) were estimated using ADF values according to following equation described by Sheaffer,
Peterson [19]. The digestible dry matter yields were
calculated by multiplying DDMR by hay yields.
Digestible Dry Matter Rate (DDMR) = 88.9 ±
(0.779 x ADF%, dry matter basis)
The MSTAT-C statistical software was used to
conduct the analysis of variance for the results obtained in the experiment. Duncan for multiple comparisons and the least significant difference (LSD)
test for paired comparisons were used [20].

MATERIALS AND METHODS
A field experiment over 2012-2013 and 20132014 growing seasons was conducted at the Ahi
(YUDQ8QLYHUVLW\%D÷EDúÕ&DPSXV DERYHVHD
level, 39o 08' N and 34o 06' E) under arid conditions.
Soils in study area were clay loam, non-saline
(0.02%), highly calcareous (27.90%), low in organic
matter (1.81%) and available phosphorus (2.14 kg
da-1), slightly alkaline and rich in potassium (66.6 kg
da-1).
Average monthly temperature values during
the first (October 2012-June 2013) and second (October 2013-June 2014) growing seasons, except for
October and December, were higher than the longterm average temperature values (Table 1). Total
precipitations during growing seasons were lower
than the long-term average precipitation. The precipitations in October, November and December of the
first growing season and March, May and June of the
second growing season were higher compared to
those months in the long-term data.
The plant materials used were $OWÕQRYD-2002
Hungary vetch (Vicia pannonnica Crantz), Tarm-92
barley (Hordeum vulgare L  DQG 7DWOÕFDN-97 triticale (XTriticosecale Wittmack) species. pure sowing
of Hungary vetch (HV), barley (B), triticale (T) and
six mixtures of HV with B and T were the treatments
of the study. The seeding ratio of mixtures were 75%
HV+25% B, 50% HV+50% B, 25% HV+75% B,
75% HV+25% T, 50% HV+50% T and 25%
HV+75% T. The seeding rates for pure sowing of
HV was 220 seed m-2 [14], T and B were 500 seed
m-2 [15]. The seeds were sown in 10 rows by hand in
October 21, 2012 and October 29, 2013 in the first
and second growing seasons, respectively. The row
spacing was 20 cm and the length of rows was 5 m.
The seeds were mixed and sown together in intercropping. Nitrogen and phosphorus at 4 and 10 kg
da-1, respectively, were applied as diammonium
phosphate fertilizer into the soil before sowing. The
experimental design was split plots in randomized
blocks with four replications. Cutting times were

RESULTS AND DISCUSSION
Green Forage Yield. The highest green forage
crop (1677.1 kg da-1), according to two year averages
was obtained from 25% HV+75% T mixture and the

9050

© by PSP

Volume 27 ± No. 12A/2018 pages 9049-9059

lowest yield (968.7 kg da-1) was obtained from pure
sowing Hungary vetch (Table 2). The green forage
yield of Hungary vetch and triticale mixture was
higher than that of mixture with barley. Despite the
lower tillering of triticale, the taller plant height and
larger spike sizes compared to barley increases the
yield of green forage [21]. Similarly, Varughese,
Barker [22] have also reported higher green forage
yield for triticale as compared to barley. The increase
in proportion of cereal seeds in mixture has increased
the green forage yield. In other words, the decline in
Hungary vetch ratio in the mixture has increased the
green forage yield. Spring rainfall has contributed to
the rapid growth of cereals, which has led to an increase in competitiveness of cereals and ultimately
increased the yields of cereals. Spring rainfall has
contributed to the rapid growth of cereals, which has
led to a rise in competitiveness of cereals and resulted in an increase yields of cereals. The weak and
scrambling nature of Hungary vetch stem and tendency to lodge complicate the harvest and reduce the
hay yield due to rotting and leaf loss [2, 23]. Therefore, the lowest green forage yield was obtained
from pure sowing Hungary vetch in both seasons of
the study. The green forage yield, cutting based on
ripening periods of cereals increased from in booting
(1240.8 kg da-1) to flowering (1409.0 kg da-1) and
milk dough (1501.3 kg da-1) stages. Plants, with prolongation of the vegetation period, continues to assimilate and grow and crop yield increases as the
progress of growing stages [24]. The cutting times
affected the green forage yields at different levels,
causing significant variations in green forage yields
of pure sowing and mixtures (p<0.01). The interaction of cutting time x treatment was found important.
Delaying the cutting from 10% flowering to
full flowering significantly increased the green forage yield, however cutting in the full flowering stage
did not result in a statistically significant increase in
green forage yield. On the other hand, the green forage yields of pure sowing barley cutting in booting
and milking dough stages were not statistically different. The green forage yield of pure sowing triticale was significantly increased with the progress of
the vegetation period.
The average green forage yields of Hungary
vetch and barley mixtures and pure sowing barley
were not significantly different in the first year of the
experiment. The green forage yield of 75%
HV+25% B mixture was significantly lower in the
second year of the study than the pure sowing barley
and the rest of the barley and Hungary vetch mixtures. This result made the year x treatment interaction important.
The effect of year on cutting time was significantly different, which made year x cutting time interaction statistically significant (p<0.01). Delaying
the cutting from booting to flowering stage of cereal
significantly increased the average green forage
yield in the first year of the experiment. However,
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delaying the cutting to flowering stage did not result
in a statistically significant difference in the mean
green forage yield. In the second year, average green
forage yield in delaying the cutting from flowering
stage to milk dough stage was higher compared to
that of flowering stage.
Hay Yield. The highest hay yield in two-year
averages was obtained with 25% HV+75% T and
pure sowing triticale (Table 2). The average hay
yield in pure sowing vetch plots was significantly
lower than yield obtained in the mixtures and pure
sowing triticale and barley plots. Similarly,
+DWLSR÷OX$QODUVDO [25] have also stated that cereals
had a higher carbohydrate ratio with higher levels of
dry matter than legumes and showed a stronger development compared to legumes. The highest hay
yield was obtained in milk dough stage of cereals
and lower pod-setting stage of vetches, while the
lowest hay yield was obtained in booting stage of cereals and 10% flowering stage of vetches. Young and
water-rich cells were replaced by thickened and water-reduced cells with the progress of the vegetation
period [26, 27]. Thus, dry hay yields also increased
with the increase in dry matter content.
Time dependent change of competition within
species for pure sowing and change within and
among species for mixtures resulted in a significant
(p <0.01) treatment x cutting time interaction. The
pure sowing triticale, parallel to the green forage
yield, was the emerged treatment in the first cutting
time, while 25% HV + 75% T mixture was the prominent treatment in the second and the third cutting
times.
The species x treatment interactions in both
years were significant (p<0.01) due to the differences in the effects of species and mixtures on hay
yield. The hay yield obtained from 25% HV+75% T
mixture was significantly higher than that of 50%
HV+50% T, whereas no statistically significant difference was observed between the hay yield both
mixtures in the second year.
The average hay yields of the first year in the
flowering and milk dough stages were significantly
lower than those of the second year. This resulted in
significant (p<0.01) year x cutting time interaction
due to the effect of cutting time on hay yield depending on growing year.
Crude Protein Ratio. The highest crude protein ratio of two-year average was obtained from
pure sowing Hungary vetch (18.8%), while the lowest ratio was with pure sowing barley (9.7%) (Table
3). The crude protein ratio increased with the increase in Hungarian vetch ratio of triticale and barley
mixtures of Hungary vetch. The results agree with
Acar, Gulumser [28] who reported higher crude protein ratio with the increase in legume ratio of legume
+ cereal mixtures compared to cereals alone. Similar
data on higher crude protein content with higher
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TABLE 2
Average Green Forage and Hay Yields of Species and Mixtures Investigated

Treatments

Green Forage Yield (kg da-1)
Cutting Time
Booting
Flowering
Milk Dough

Mean

Pure Sowing HV
869.2 l**
964.9 kl
1026.3
Pure Sowing B
1329.0 e-Õ
1324.2 e-Õ 1288.5
Pure Sowing T
1505.0 cd
1631.4 bc
1731.0
%25 HV + %75 B 1339.7 e-h 1296.3 e-Õ 1336.9
%50 HV + %50 B 1258.9 g-Õ
1251.4 KÕ
1441.4
%75 HV + %25 B 1166.8 ÕM
1275.1 f-Õ
1287.9
%25 HV + %75 T 1423.3 d-g 1694.9 ab
1830.8
%50 HV + %50 T 1363.8 d-h 1644.5 bc
1726.9
%75 HV + %25 T 1326.8 e-Õ
1449.9 de
1455.8
Mean
1286.9 b** 1392.5 a
1465.4
LSD (0.05)
CT:73.24, T:82.43, T x CT: 142.8

jk
e-Õ
ab
e-h
d-f
e-Õ
a
ab
de
a

2013
953.5 d**
1313.9 c
1622.5 a
1324.3 c
1317.2 c
1243.3 c
1649.7 a
1578.4 a
1410.8 b
1379.3

Pure Sowing HV
847.8 n** 1003.5 m
1100.3
Pure Sowing B
1261.1 I-l
1420.4 f-Õ
1342.7
1352.5 g-j
1413.3 f-j
1582.1
Pure Sowing T
%25 HV + %75 B 1232.6 j-l
1302.6 ÕMN 1498.9
%50 HV + %50 B 1158.2 k-m 1354.4 g-j 1515.1
%75 HV + %25 B 1011.4 m
1328.5 h-k 1358.3
%25 HV + %75 T 1374.9 g-j
1733.5 cd
2004.8
%50 HV + %50 T 1238.9 Õ-l
1758.3 bc
1894.9
%75 HV + %25 T 1275.1 I-k
1515.0 e-g 1601.3
Mean
1194.7 c** 1425.5 b
1544.3
LSD (0.05);
CT:72.74, T:88.23, T x CT:152.8

lm
g-j
d-f
e-h
e-g
g-j
a
ab
c-e
a

2014
983.9 e**
1341.4 c
1449.3 b
1344.7 c
1342.6 c
1232.8 d
1704.4 a
1630.7 a
1463.8 b
1388.2

Booting

Hay Yield (kg da-1)
Cutting Time
Flowering Milk Dough

Mean

217.6 p** 268.5 o
315,0
329.1 k-n 374.1 h-k
429.3
429.8 d-g 523.1 b
621.8
326.7 k-n 385.3 g-j
416.7
305.7 m-o 362.9 Õ-l
452.9
284.6 no
350.5 j-m 406.9
371.5 h-k 502.3 bc
593.4
342.1 j-m 480.7 b-d
506.8
477.5
337.2 j-m 430.0 e-g
327.1 c** 408.6 b
468.9
CT: 24.69, T:26.82, T x CT: 46.45

l-o
d-g
a
f-h
c-f
f-Õ
a
b
b-e
a

267.0
377.5
524.9
376.2
373.8
347.3
489.1
443.2
414.9
401.6

g**
e
a
e
ef
f
b
c
d

193.4 l** 288.3 ÕM
343.3
293.3 ÕM
441.6 de
463.2
363.3 gh
454.2 c-e
546.3
271.2 jk
411.3 e-g
483.6
259.3 jk
427.9 d-f
505.8
222.9 kl
379.9 f-h
448.5
333.9 KÕ
547.4 b
653.4
299.6 ÕM
557.0 b
613.6
301.4 ÕM
481.5 cd
545.1
282.0 c** 443.3 b
511.4
CT: 24.95, T:28.48, T x CT:49.33

KÕ
c-e
b
cd
bc
de
a
a
b
a

274.9
399.4
454.6
388.7
397.7
350.5
511.6
490.1
442.7
412.2

e**
c
b
c
c
d
a
a
b

Mean
Pure Sowing HV
858.5 k**
984.3 j
1063.3 j
968.7 g** 205.5 o** 278.4 mn
329.2 kl
271.0 f**
Pure Sowing B
1295.1 g-Õ
1372.3 e-h 1315.6 f-Õ
1327.7 e
311.2 l-m 407.8 h
446.3 fg
388.5 d
Pure Sowing T
1428.8 d-f
1522.3 d
1656.6 c
1535.9 c
396.5 KÕ
488.7 c-e
584.0 b
489.7 a
298.9 lm
398.3 KÕ
450.2 fg
382.5 d
%25 HV + %75 B 1286.1 KÕ
1299.4 g-Õ 1417.9 d-g 1334.5 e
1329.9 e
282.5 mn 395.4 KÕ
479.3 d-f 385.8 d
%50 HV + %50 B 1208.6 Õ
1302.9 g-Õ 1478.3 de
%75 HV + %25 B 1089.1 j
1301.8 g-Õ 1323.1 f-Õ
1238.0 f
253.8 n
365.2 ÕM
427.7 gh
348.9 e
%25 HV + %75 T 1399.2 e-h 1714.3 bc
1917.8 a
1677.1 a
352.7 jk
524.9 c
623.4 a
500.3 a
1701.4 c
1810.9 b
1604.6 b
320.9 kl
518.9 c
560.2 b
466.7 b
%50 HV + %50 T 1301.4 g-Õ
%75 HV + %25 T 1300.9 g-Õ
1482.5 de
1528.5 d
1437.3 d
319.3 kl
455.7 e-g
511.3 cd
428.8 c
Mean
1240.8 c** 1409.0 b
1501.3 a
1383.7
304.6 c** 425.9 b
490.2 a
406.9
LSD (0.05);
CT.: 27.88, T.:48.29, T x CT.: 83.64
CT.: 11.45, T.:19.82, T x CT.: 34.34
LSD (0.05);
Y x CT: 65.00, Y x T: 84.66
Y x CT: 22.10, Y x T: 27.43
Y: Year, CT: Cutting Time, T: Treatment HV: Hungary Vetch, B: Barley, T: Triticale
$YHUDJHVLQGLFDWHGE\WKHVDPHOHWWHUVLQWKHVDPHOLQHDUHGLIIHUHQWIURPHDFKRWKHUZLWKLQWKHHUURUOLPLWVRI3 according to the
LSD test.
**: AverageVLQGLFDWHGE\WKHVDPHOHWWHUVLQWKHVDPHFROXPQDUHQRWGLIIHUHQWIURPHDFKRWKHUZLWKLQWKHHUURUOLPLWVRI3DFFRrding
to the Duncan test.
**: Averages of species and mixture x Cutting time interactions indicated by the same letters in the same line and column are not different
IURPHDFKRWKHUZLWKLQWKHHUURUOLPLWVRI3DFFRUGLQJWRWKH'XQFDQWHVW

two folds from germination to milk dough stage,
while the crude protein ratio decreases by about half
[29] The mixtures of 25% HV + 75% B and 25% HV
+ 75% T were in the different statistical groups during the booting and milk dough stages, whereas they
were placed in the same statistical group in flowering stage with the second cutting time (Table 3). The
high protein content of Hungarian vetch and similar
protein ratios of triticale and barley made the time x
cutting time interaction important. The effect of year
on crude protein ratios of species and mixtures was
significant which made the year x treatment interaction important (Table 3). Thus, mean crude protein
ratios of 50% HV + 50% B and 50% HV + 50% T in
the first year of the study were not significantly different. However, the crude protein ratio of 50% HV
+ 50% T mixture in the second year of study was
significantly higher than 50% HV + 50% B mixture.

ratio of legume in mixtures have also been reported
by Lithourgidis, Vasilakoglou [12]. They have also
stated that the highest quality forage can be obtained
by pure sowing vetch and the mixtures containing
higher ratio of vetch. The crude protein ratios of species and mixtures were decreased within the vegetation period from the first cutting in booting stage of
cereals and 10% flowering stage of vetches to the
last cutting in milk dough stage of cereals and podsetting stage of vetches. Cutting time and accumulation of crude protein in plant tissues are inversely
proportional. The excess of photosynthetic surfaces
of plants during the early vegetation period results in
increased protein content of due the higher and rapid
protein synthesis in plant cells. Raw cellulose production increases with plant maturation, while protein content decreases with decreasing photosynthetic surfaces [27]. The forage yield increases by
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TABLE 3
Average Crude Protein Ratio of Species and Mixtures Investigated
Treatments

Crude Protein Ratio (%)
Cutting Time
Booting
Flowering
Milk Dough

Mean

Pure Sowing HV
Pure Sowing B
Pure Sowing T
%25 HV + %75 B
%50 HV + %50 B
%75 HV + %25 B
%25 HV + %75 T
%50 HV + %50 T
%75 HV + %25 T
Mean
LSD (0,05)

20.8 a**
17.5 c
14.7
10.6 kl
9.9 lm
7.2
11.5 ÕM
10.1 lm
8.0
13.2 f-h
11.9 Õ
9.0
15.7 d
13.7 fg
10.9
18.3 b
15.6 d
12.8
13.8 f
11.9 Õ
9.7
16.2 d
13.8 fg
11.4
18.5 b
15.6 d
13.0
15.4 a**
13.3 b
10.7
CT: 0.58 T: 0.42, T x CT: 0.73

e
p
o
n
jk
h
mn
I-k
gh
c

2013
17.7 a**
9.3 g
9.9 f
11.4 e
13.5 c
15.7 b
11.8 d
13.8 c
15.7 b
13.2 B1

Pure Sowing HV
Pure Sowing B
Pure Sowing T
%25 HV + %75 B
%50 HV + %50 B
%75 HV + %25 B
%25 HV + %75 T
%50 HV + %50 T
%75 HV + %25 T
Mean
LSD (0,05)

23.1 a*
19.6 b
17.3
11.8 fg
10.0 h
8.6
12.9 e
11.2 g
9.7
14.6 d
12.4 ef
10.8
17.5 c
14.8 d
12.9
20.3 b
17.2 c
15.1
15.5 b
13.3 c
11.6
18.7 c
15.4 d
13.5
20.6 d
17.5 b
15.4
17.2 a**
14.6 b
12.8
CT: 1.08 T: 0.59, T x CT: 1.02

e
c
Õ
h
gh
e
d
d
e
c

2014
20.0 a*
10.1 h
11.3 g
12.6 f
15.1 d
17.6 b
13.5 e
15.7 c
17.8 b
14.9 A

Crude Protein Yield (kg da-1)
Cutting Time
Booting
Flowering
Milk Dough
45.1
46.9
34.9
37.3
49.4
52.8
42.9
45.6
48.1
49.8
51.9
54.7
51.5
59.8
55.1
66.1
62.2
67.2
49.0
53.4
CT: NS, T:3.67, T x CT: NS
44.8 j-l**
56.5 e-Õ
34.7 l
44.2 j-l
47.1 Õ-k
50.8 h-j
39.6 kl
51.1 h-j
45.2 jk
63.5 c-f
45.5 jk
65.6 c-e
50.3 h-j
72.9 bc
54.2 f-j
85.9 a
62.2 d-g
84.3 a
47.1 b**
63.9 a
CT:5.41, T:5.30, T x CT:9.2

46.2
30.8
49.8
37.7
49.3
51.9
57.5
57.5
62.2
49.2

59.0
39.8
53.1
51.9
65.5
67.9
75.9
82.9
83.8
64.4

Mean
46.1
34.4
50.6
42.1
49.1
52.9
56.2
59.6
63.9
50.5

d-h
kl
g-j
g-j
c-e
b-d
ab
a
a
a

53.5
39.5
50.3
47.6
58.1
59.6
66.4
74.3
76.8
58.4

e**
g
d
f
de
cd
bc
b
a
B**

de**
g
ef
f
cd
c
b
a
a
A

Mean
Pure Sowing HV
21.9 a**
18.6 c
15.9 e
18.8 a*
44.9 jk**
51.8 f-Õ
52.6 f-Õ 49.8 e**
Pure Sowing B
11.2 k
9.9 l
7.9 n
9.7 h
34.8 m
40.6 kl
35.2 lm 36.9 h
Pure Sowing T
12.2 ÕM
10.6 k
8.9 m
10.6 g
48.3 h-j
51.8 f-Õ
51.4 f-Õ 50.5 eg
9.9 l
11.9 f
41.3 k
48.3 hj
44.8 jk
44.8 g
%25 HV + %75 B
13.9 h
12.1 ÕM
11.9 j
14.3 d
46.7 Õ-k
56.6 d-g
57.4 d-f 53.6 de
%50 HV + %50 B
16.6 de
14.3 fgh
%75 HV + %25 B
19.3 b
16.4 e
13.9 gh
16.6 b
48.7 h-j
60.1 de
59.9 de 56.2 d
%25 HV + %75 T
14.7 f
12.6 Õ
10.7 k
12.6 e
50.9 g-j
66.3 bc
66.7 bc 61.3 c
12.4 ÕM
14.7 c
54.6 e-h
76.0 a
70.2 ab 66.9 b
%50 HV + %50 T
17.1 d
14.6 fg
%75 HV + %25 T
19.6 b
16.6 de
14.2 f-h
16.8 b
62.2 cd
75.8 a
73.0 a
70.3 a
Mean
16.3 a**
13.9 b
11.8 c
14.0
48.1 b**
58.6 a
56.8 a
54.5
LSD (0,05)
CT: 0.24 T.: 0.42, T x CT: 0.73
CT:1.92, T: 3.32, T x CT:5.8
LSD (0.05);
Y x CT: NS Y x T: 0.51
Y x CT: 4.17, Y x T: 4.52
Y: Year, CT: Cutting Time, T: Treatment HV: Hungary Vetch, B: Barley, T: Triticale
**: Averages indicated by the same letters LQWKHVDPHOLQHDUHGLIIHUHQWIURPHDFKRWKHUZLWKLQWKHHUURUOLPLWVRI3DFFRUGLQJWRWKH
LSD test.
**: Averages indicated by the same letters in the same column are not different from each other within the error limits of P DFFRUGLQJ
to the Duncan test.
*: Averages of species and mixture x Cutting time interactions indicated by the same letters in the same line and column are not different from
HDFKRWKHUZLWKLQWKHHUURUOLPLWVRI3DFFRUGLQJWRWKH'XQFDQWHVW
**: Averages of species and mixture x Cutting time interactions indicated by the same letters in the same line and column are not different
IURPHDFKRWKHUZLWKLQWKHHUURUOLPLWVRI3DFFRUGLQJWRWKH'XQFDQWHVW
**: Averages indicated by the different letters are GLIIHUHQWIURPHDFKRWKHUZLWKLQWKHHUURUOLPLWVRI3

also showed that the greatest advantages of cereal +
legume mixture is increasing the yield of crude protein compared to pure sowing cereals.
The increasing crude protein yield and decreasing the crude protein ratio of species and mixtures by
the delaying of the cutting time caused to differences
in crude protein yield between cutting times. Delaying the vegetation period from booting to milk dough
stage led to higher dry matter thus to higher crude
protein yield [27]. Many researchers suggested that
during maturation progress dry matter yield increases but crude protein content decreases, leading
to decrease forage quality [10, 27, 32]. The interaction of treatment x cutting time was significant

Crude Protein Yield. The results of two-year
averages showed that crude protein yield was significantly different between species and mixtures. The
highest crude protein yield (70.3 kg da-1) was obtained from the mixture of 75% HV + 25% T and the
lowest (36.9 kg da-1) was from pure sowing barley
(Table 3). Legumes are considered as a good source
of protein and very important to increase the protein
ratio of the mixtures [9, 30]. Vetch, a legume forage
crop, has higher crude protein ratio and lower hay
yield than cereals. However, the crude protein yield
of the mixtures has increased with increasing the ratio of vetch in mixtures due to the direct relationship
of crude protein yield with crude protein ratio and
hay yield. Similarly, Lithourgidis and Dordas [31]
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NDF Ratio. The highest NDF ratio of species
and mixtures, according to two-year averages, was
obtained with pure sowing barley (55.0%), while the
lowest NDF ratio was with pure sowing Hungarian
vetch (49.5%) (Table 4). The results indicated that
the NDF ratios of barley and triticale were higher
than that of Hungarian vetch. The differences in
NDF, a factor affecting the digestion, between cereals and legumes are due to the anatomical structure
and chemical compositions. Legumes compared to
cereals contain more soluble fiber and fewer cell
walls thus have more cellular compounds [36]. The
low NDF content accelerates the fermentation of
herb, reduces the time spent on rumen and increases
the consumption. The cutting times significantly
affected the NDF ratios and the NDF ratios significantly increased with delaying the cutting time (Table 4). The NDF ratios of species and mixtures increased as vegetation continues from booting
(49.7%) to flowering (52.1%) and to milk dough
(55.1%) stages. There is a positive relationship between the increase in NDF ratio and the continuation
of vegetation period. The NDF content affects the
fermentation rate of hay, retention time in rumen and
consumability [37]. Therefore, the amount of lignin
in forage increases with the delay of cutting time,
and lignin forms a bridge between cellulose and
hemicellulose, reducing digestion and consumption
of forages [38]
The NDF content of species and mixtures differed considerably depending on the cutting times
thus the treatment x cutting times interaction is
considered important. The NDF values of pure sowing triticale and 25% HV + 75% T mixtures harvested in booting stage was not significantly different. However, differences in the NDF values between the flowering and milk dough stages were statistically significant.

(p<0.01) due to the differences in the effects of cutting time on crude protein ratio of species and mixtures. Delaying the cutting of pure sowing Hungary
vetch from 10% flowering to full flowering increased the crude protein yield. The crude protein
yield in the cutting of flowering stage was increased
by delaying the harvest of 50% HV + 50% T and
75% HV + 25% T mixtures from booting to flowering.
The crude protein yields of 25% HV + 75% T
and 50% HV + 50% T mixtures in the first year of
study were not significantly different. However, the
crude protein yield of 50% HV + 50% T mixture in
the second year was significantly higher than the all
species and mixtures except 25% HV + 75% T and
75% HV + 25% T mixtures. The differences in the
effects of years on mixtures caused to the year x
treatment interaction to be important (p<0.01).
Significant effect of cutting time on crude protein yield depending on years made the year x cutting
times interaction important (p <0.01). Delaying the
harvests of 50% HV + 50% T and 75% HV + 25% T
mixtures from booting to flowering increased the
crude protein yield compared to that the cutting in
flowering stage. The crude protein yield was significantly increased by the delaying of harvest from
flowering to milk dough stage. This as the vegetation
progresses may be attributed to the decrease in crude
protein ratio and increase in yield of species and
mixtures.
The crude protein yield was significantly increased by delaying the harvest from flowering to
milk dough stage compared to full flowering stage.
This may be due to a decrease in the crude protein
ratio of species and mixtures, despite the yield increase as the vegetation progresses.
ADF Ratio. The two-year averages of ADF ratio for species and mixture showed that the lowest
ADF ratio was obtained with pure sowing Hungary
vetch (28.9%) while the highest was with pure sowing barley (35.3%) (Table 4). Low leaf/stem ratio of
cereals and rapid ripening cause the differences in
ADF contents of legumes and cereals [33, 34]. Legumes have more cellular compounds and fewer cell
wall components due to the differences in ADF contents between legumes and cereals. Consequently,
lignification is less frequent in cells [33, 35]. The
lowest ADF ratio (29.5%) was obtained in booting
stage while the highest (34.9%) was in milk dough
stage. The crude protein ratio decreased as the ADF
ratio of species and mixtures increased by delaying
the harvest from booting to flowering and milk
dough stages. 7DQDQG0HQWHúH[33] stated that delaying the cutting decreased the protein content and
increased the amount of elements such as fiber forming the cell wall which is difficult to digest. Turk and
Albayrak [32] also reported that cutting time and forage quality were closely related and forage quality
decreased with the delay of cutting time.

Digestible Dry Matter Ratio (DDMR). The
highest DDMR of species and mixtures, according
to two-year averages, was obtained with pure sowing
Hungarian vetch (66.4%), while the lowest DDMR
was with pure sowing barley (61.4%) (Table 5).
There is a negative correlation between the ADF ratio which is an indicative of cellulose and lignin content, and DDMR that is calculated from the ADF ratio. In contrast to the lowest ADF ratio with pure
sowing Hungarian vetch and the highest ADF ratio
with pure sowing barley, the opposite situation was
occurred in DDMR. The highest DDMR was obtained with pure sowing Hungarian vetch. The high
content of ADF in cereals caused the lower DDMR
of legumes [39]. The cutting time is one of the most
important factors determining the forage quality.
Because, with the prolongation of vegetation period,
the increased ADF ratios due to structural changes in
plant tissues cause the DDMR values to decrease
[27]. Therefore, the highest DDM ratio (69.5%) was
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TABLE 4
Average ADF and NDF Ratios of Species and Mixtures Investigated

Treatments

Booting

ADF (%)
Cutting Time
Flowering
Milk Dough

Mean

Pure Sowing HV
Pure Sowing B
Pure Sowing T
%25 HV + %75 B
%50 HV + %50 B
%75 HV + %25 B
%25 HV + %75 T
%50 HV + %50 T
%75 HV + %25 T
Mean
LSD (0,05)

27.5
29.9
34.3
35.6
32.3
35.1
32.6
34.2
30.9
32.8
29.2
31.4
31.1
33.8
29.9
32.5
28.7
31.2
30.8 c**
32.9 b
CT: 0.69 T.: 0.46, T x CT: NS

32.7
38.2
37.7
36.8
35.4
34.1
36.4
35.2
33.9
35.6 a

2013
30.1 h**
36.0 a
35.0 b
34.5 c
33.0 e
31.6 g
33.8 d
32.5 f
31.3 g
33.1 A**

Pure Sowing HV
Pure Sowing B
Pure Sowing T
%25 HV + %75 B
%50 HV + %50 B
%75 HV + %25 B
%25 HV + %75 T
%50 HV + %50 T
%75 HV + %25 T
Mean
LSD (0,05)

24.5
27.1
31.5
34.7
31.1
33.3
29.7
32.8
27.9
30.9
26.2
29.0
29.4
31.8
27.8
30.2
26.1
28.7
28.3 c**
30.9 b
CT: 1.22 T: 0.88, T x CT: NS

31.5
37.6
36.5
36.1
34.6
33.0
33.3
33.9
32.8
34.4 a

2014
27.7 e**
34.6 a
33.6 b
32.9 b
31.2 c
29.4 d
31.5 c
30.7 c
29.2 d
31.2 B

Booting

NDF (%)
Cutting Time
Flowering
Milk Dough

Mean

48.6
49.7
53.3
55.3
51.6
55.2
52.1
53.9
50.9
52.5
49.8
51.1
50.8
53.8
50.1
52.5
49.3
51.1
50.7 c**
52.8 b
CT.:1.56, T.:0.58, T x CT: NS

52.6
58.3
57.4
56.9
55.4
54.0
56.2
54.9
53.8
55.5 a

50.3
55.6
54.7
54.3
52.9
51.6
53.6
52.5
51.4
53.0

f**
a
b
b
d
e
c
d
e
A**

46.3
48.3
51.6
53.9
49.8
53.6
50.3
52.6
48.9
51.1
47.6
49.7
48.9
52.3
48.0
50.9
47.2
49.6
48.7 c**
51.3 b
CT:1.59, T:0.63, T x CT: NS

51.4
57.6
56.8
56.0
54.5
52.9
55.5
54.1
52.8
54.6 a

48.7
54.4
53.4
52.9
51.5
50.1
52.2
51.0
49.9
51.6

f**
a
b
b
d
e
c
d
e
B

Mean
Pure Sowing HV
25.9
28.6
32.1
28.9 h** 47.4 m**
49.0 kl
52.0 g
49.5 h**
Pure Sowing B
32.9
35.1
37.9
35.3 a
52.6 fg
54.6 d
57.9 a
55.0 a
Pure Sowing T
31.7
34.2
37.1
34.3 b
50.7 ÕM
54.4 d
57.1 b
54.1 b
%25 HV + %75 B
31.2
33.5
36.4
33.7 c
51.2 KÕ
53.2 ef
56.5 bc
53.6 c
51.8 gh
54.9 d
52.2 e
%50 HV + %50 B
29.5
31.8
34.9
32.1 e
49.9 j
%75 HV + %25 B
27.7
30.2
33.5
30.5 g
48.7 kl
50.4 j
53.5 e
50.9 g
%25 HV + %75 T
30.3
32.8
34.9
32.6 d
49.9 j
53.1 ef
55.8 c
52.9 d
54.6 d
51.8 f
%50 HV + %50 T
28.9
31.4
34.6
31.6 f
49.1 k
51.7 gh
%75 HV + %25 T
27.4
29.9
33.3
30.2 g
48.3 l
50.4 j
53.3 e
50.6 g
Mean
29.5 c**
31.9 b
34.9 a
32.1
49.7 c**
52.1 b
55.1 a
52.3
LSD (0,05)
CT: 0.31 T: 0.55, T x CT: NS
CT: 0.34, T:0.59, T X CT: 1.03
LSD (0.05
Y x CT: NS, Y x T: NS
Y x CT: NS, Y x T: NS
Y: Year, CT: Cutting Time, T: Treatment HV: Hungary Vetch, B: Barley, T: Triticale
**: Averages indicated by the same letters LQWKHVDPHOLQHDUHGLIIHUHQWIURPHDFKRWKHUZLWKLQWKHHUURUOLPLWVRI3DFFRUGLQJWRWKH
LSD test.
**: Averages indicated by the same letters in the same column are not different from each other within the error limits of P DFFRUGLQJ
to the Duncan test.
**: Averages of species and mixture x Cutting time interactions indicated by the same letters in the same line and column are not different
IURPHDFKRWKHUZLWKLQWKHHUURUOLPLWVRI3DFFRUGLQJWRWKH'XQFDQWHVW
**: Averages LQGLFDWHGE\WKHGLIIHUHQWOHWWHUVDUHGLIIHUHQWIURPHDFKRWKHUZLWKLQWKHHUURUOLPLWVRI3

The dry matter yield of cereals is higher than
that of legumes due to the stronger development and
excess dry matter ratios [25]. The dry matter yield,
according to two-year averages, was significantly affected by the cutting times. Similar to DDM ratio,
extending the vegetation period from booting to milk
dough stage increased the DDMY. Increasing dry
matter production in plants with the extent of vegetation period also resulted in increased dry hay yield
[25]. However, the ADF and NDF ratios also rapidly
increased along with maturation in plant.
The interaction of treatment x cutting time was
significant (p<0.01) due to the differences in the effects of cutting time on digestible dry matter yield of
species and mixtures. Delaying the harvest of 50%
HV + 50% T from booting to flowering significantly

observed in the booting stage of the species and mixtures and the lowest DDM rate (61.7%) in the milk
dough stage. The delay of cutting time increases the
cell wall components such as cellulose and lignin in
the plant that decreases the digestibility of the plant
[40]. The leaf/stem ratio and digestibility are decreased with the maturation of cereals [41].
Digestible Dry Matter Yield. The results of
two-year study revealed that digestible dry matter
yield (DDMY) of species and mixtures significantly
was significantly different (Table 5). The highest
DDMY was obtained with 25% HV + 75% T mixture while the lowest DDMY was from pure sowing
Hungary vetch.
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50% T were not included in high digestible dry matter yielding group in the first year. These mixtures in
the second year, however, constituted the statistical
group in which the high digestible dry matter yield
is obtained.
Significant differences in the effects of years on
digestible dry matter yield made the year x cutting
time interaction significant (Table 5). Therefore, the
digestible dry matter yield obtained in the booting
stage of first year was significantly higher than that
of the second year.

increased the digestible dry matter yield. The digestible dry matter yield was increased by delaying of
harvest to milk dough stage. Significant differences
in the effects of years on digestible dry matter yields
of species and mixtures made the year x treatment
interaction significant (p<0.01).
Pure sowing vetch yielding high digestible dry
matter yield in the first year due to the high dry matter yield was not included among the high digestible
dry matter yielding treatments in the second year.
The mixtures of 25% HV + 75% T and 50% HV +

TABLE 5
Digestible Dry Matter Ratio and Digestible Dry Matter Yield of Species and Mixtures Investigated in the
Study.
Treatments

Digestible Dry Matter Ratio (%)
Cutting Time
Booting
Flowering Milk Dough

Pure Sowing HV
Pure Sowing B
Pure Sowing T
%25 HV + %75 B
%50 HV + %50 B
%75 HV + %25 B
%25 HV + %75 T
%50 HV + %50 T
%75 HV + %25 T
Mean
LSD (0.05)

67.5
65.6
63.5
62.2
61.2
59.1
63.7
61.6
59.5
63.5
62.3
60.2
64.8
63.4
61.3
66.1
64.5
62.4
64.7
62.6
60.5
65.6
63.6
61.5
66.5
64.6
62.5
64.9 a**
63.3 b
61.2 c
CT: 0.54, T: 0.36, T x CT: NS

Pure Sowing HV
Pure Sowing B
Pure Sowing T
%25 HV + %75 B
%50 HV + %50 B
%75 HV + %25 B
%25 HV + %75 T
%50 HV + %50 T
%75 HV + %25 T
Mean
LSD (0.05)

69.9
67.8
64.4
64.4
61.9
59.6
64.7
63.0
60.5
65.7
63.3
60.8
67.1
64.8
62
68.5
66.3
63.2
66.0
64.2
62.9
67.3
65.4
62.4
68.6
66.6
63.4
66.9 a**
64.8 b
62.1
CT: 0.95 T: 0.69, T x CT: NS

c

Mean
65.5
60.8
61.6
62.0
63.2
64.3
62.6
63.6
64.5
63.1

2013
a**
h
g
f
d
b
e
c
b
B**

2014
67.3 a**
62.0 e
62.7 d
63.3 d
64.6 c
66.0 b
64.4 c
65.0 c
66.2 b
64.6 A

Digestible Dry Matter Yield (kg da-1)
Cutting Time
Booting
Flowering
Milk Dough
146.7 i*
176.0
204.7 gh
229.0
273.9 cd
322.1
207.4 f-h
239.9
198.1 gh
229.9
188.2 h
226.0
240.2 ef
314.3
224.3 e-g
305.6
224.2 e-g
277.6
212.0 c**
257.8
CT: 14.31, T: 0.16.71,

Mean

h
199.9
e-g
253.9
b
370.0
ef
251.0
e-g
277.5
e-g
253.9
b
359.1
bc
311.7
cd
298.3
b
286.1
T x CT: 28.94

gh
de
a
de
cd
de
a
b
bc
a

174.2 e**
229.2 d
322.0 a
232.8 d
235.2 d
222.7 d
304.5 b
280.5 c
266.7 c
252.0 B**

135.2 p**
195.5 mn
221.1
188.7 mn
273.3 KÕ
276.3
235.0 j-l
285.9 g-Õ
330.5
178.3 no
260.5 h-j
294.0
174.1 no
277.2 KÕ
313.5
251.8 Õ-k
283.3
152.7 op
220.4 k-m
351.5 b-d
409.9
201.6 l-n
364.3 bc
383.0
206.7 l-n
320.4 d-f
345.6
188.1 c**
286.7 b
317.5
CT:16.83, T:18.16, T x CT:31.46

km
KÕ
c-e
f-h
e-g
g-Õ
a
ab
c-e
a

183.9
246.1
283.8
244.2
254.9
229.3
327.3
316.3
290.9
264.1

e**
cd
b
cd
c
d
a
a
b
A

Mean
Pure Sowing HV
68.7
66.7
63.9
66.4 a**
141.0 m**
185.8 kl
210.5 ÕM
179.1 f**
Pure Sowing B
63.3
61.5
59.4
61.4 h
196.7 jk
251.2 f-h
265.1 f
237.6 de
Pure Sowing T
64.2
62.3
60.0
62.2 g
254.4 fg
304.0 de
350.3 b
302.9 b
%25 HV + %75 B
64.6
62.8
60.5
62.6 f
192.9 jkl
250.2 f-h
272.5 f
238.5 de
%50 HV + %50 B
66.0
64.1
61.6
63.9 d
186.1 kl
253.6 f-h
295.5 e
245.1 d
%75 HV + %25 B
67.3
65.4
62.8
65.2 b
170.4 l
238.9 gh
268.6 f
226.0 e
%25 HV + %75 T
65.3
63.4
61.7
63.5 e
230.3 KÕ
332.9 bc
384.5 a
315.9 a
%50 HV + %50 T
66.4
64.5
62.0
64.3 c
212.9 ÕM
334.9 bc
347.3 b
298.4 b
299.0 e
322.0 cd
278.8 c
%75 HV + %25 T
67.5
65.6
62.9
65.4 b
215.4 ÕM
Mean
65.9 a**
64.0 b
61.7 c
63.9
200.0 c**
272.3 b
301.8 a
258.0
LSD (0.05)
CT: 0.49 T: 0.38, T x CT: NS
CT.:9.83, T:12.24, T x CT: 21.19
LSD (0.05
Y x CT: NS, Y x CT: NS
Y x CT: 13.91, Y x T: 17.30
Y: Year, CT: Cutting Time, T: Treatment HV: Hungary Vetch, B: Barley, T: Triticale
$YHUDJHVLQGLFDWHGE\WKHVDPHOHWWHUVLQWKHVDPHOLQHDUHGLIIHUHQWIURPHDFKRWKHUZLWKLQWKHHUURUOLPLWVRI3 according to the
LSD test.
**: Averages indicated by the same letters in the same column are not different fURPHDFKRWKHUZLWKLQWKHHUURUOLPLWVRI3DFFRUGLQJ
to the Duncan test.
*: Averages of species and mixture x Cutting time interactions indicated by the same letters in the same line and column are not different from
each other within the error limLWVRI35 according to the Duncan test.
**: Averages of species and mixture x Cutting time interactions indicated by the same letters in the same line and column are not different
IURPHDFKRWKHUZLWKLQWKHHUURUOLPLWVRI3DFFRUGLQJWRWKH'XQFDQWHVW
**: Averages indicated by the different letters are different from each other wLWKLQWKHHUURUOLPLWVRI3
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[5] (÷ULWDú, Ö. $úFÕ, Ö. (2015) Determination of
Some Mineral Matter Contents in Common
Vetch-Cereals Mixtures. Academic Journal of
Agriculture. 4(1), 13-8.
[6] Lithourgidis, A., Dordas, C., Damalas, C., Vlachostergios, D. (2011) Annual Intercrops: An
Alternative Pathway for Sustainable Agriculture. Aust J Crop Sci. 5(4), 396-410.
[7] Arpali, D., Gulser, F., Yagmur, M. (2016) The
Effects of Sewage Sludge Application on Grain
Yield and Nutrient Status of Grain in Triticale
Under Rainfed Conditions. Fresenius Environ
Bull. 25, 4848-55.
[8] Göçmen, N., Parlak, A.Ö. (2017) Determination
of Seeding Raties of Pea Intercrops With Oat,
Barley and Triticale. COMU Journal of
Agriculture Faculty. 5(1), 119-24.
[9] Eskandari, H., Ghanbari, A., Javabnard, A.
(2009) Intercropping of Cereals and Legumes
for Forage Production. Notulae Scientia
Biologicae. 1(1), 07.
[10] Yavuz, T. (2017) The Effects of Different Cutting Stages on Forage Yield and Quality in Pea
(Pisum sativum L.) and Oat (Avena sativa L.)
Mixtures. Journal of Field Crops Central Research Institute. 26(1), 67-74.
[11] ,úÕN, ù.$WHú, S..HOHú, G.øQDO, F.*QHú, A.,
(eds.) (2014) The Production and Nutritive
Value Of Triticale, Hungarian Vetch And The
Mixture Of Two During Their Different Growth
Stages. 10.Field Crops Congress. Konya.
[12] Lithourgidis, A., Vasilakoglou, I., Dhima, K.,
Dordas, C., Yiakoulaki, M. (2006) Forage Yield
and Quality of Common Vetch Mixtures With
Oat and Triticale in Two Seeding Ratios. Field
Crop Res. 99(2-3), 106-13.
[13] Dordas, C., Vlachostergios, D., Lithourgidis, A.
(2012) Growth Dynamics and Agronomic-Economic Benefits of Pea-Oat and Pea-Barley Intercrops. Crop and Pasture Science. 63(1), 4552.
[14] Sayar, M.S., Anlarsal, A.E.%DúED÷, M. (2016)
Additive Main Effects and Multiplicative Interactions (AMMI) Analysis for Biological Yield
in Hungarian Vetch (Vicia pannonica Crantz)
Genotypes. Journal of Field Crops Central Research Institute. 25(Special issue-2), 235-40.
[15] Mut, Z., Ayan, I., Mut, H. (2006) Evaluation of
Forage Yield and Quality at Two Phenological
Stages Of Triticale Genotypes And Other Cereals Grown Under Rainfed Conditions. Bangladesh Journal of Botany 35(1), 45-53.
[16] Sleugh, B., Moore, K.J., George, J.R., Brummer, E.C. (2000) Binary Legume-Grass Mixtures Improve Forage Yield, Quality, And Seasonal Distribution. Agronomy Journal. 92(1),
24-9.

CONCLUSION
The mixture of legumes + cereals grown in
winter is of great importance in meeting the forage
demand in the ecologies similar to arid conditions
where the precipitation is limited. Attention should
be given to the optimum mixing ratio and cutting
time of cereal + legume mixtures that rapidly grow
due to sudden increase of temperature and spring
precipitation. The results revealed that delaying the
harvest from booting to milk dough stage increased
the hay yield while forage quality has been negatively affected. Mixtures, yield and quality were
evaluated together were found superior than pure
sowing of species. The increasing the legume ratio
in mixtures increased the quality of forage while the
yield was negatively affected. Increasing the legume
+ cereal cultivation in arid conditions province may
be a solution to the forage problem of this region.
High yield and quality forage in the region can be
obtained with the mixture of 50% HV + 50% T and
cutting in the flowering stage of triticale.
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by the Cd accumulator plant        
L.
Fertilizer application is a very important
method [11], whose main purpose is to improve soil
nutrients levels, promoting its absorption by plants
for nutrients and increasing yield and quality [12].
Furthermorenutrient quantity is also an indispensable factor in the soil-plant system. Among the nutrient quantity, fertilizers are usually used to
strengthen phytoremediation in heavy- metal contaminated soil. Some fertilizers can promote growth
and biomass of the plant, and promote the total accumulation of heavy metals [13]. In addition, through
the interaction between fertilizers and heavy metals,
fertilizer application can affect the absorption and
desorption of heavy metals, change the form and activity of heavy metals in soil. Therefore, choosing a
suitable elemental form or optimal method can
strongly affect the transformation and delivery of
heavy metals in the soil-plant system. It is an important topic of regulation and renovation for heavymetal polluted soils.
In order to provide a safe and effective reinforcement measurement for heavy metal polluted
soils, remediation of Cd polluted soil by the Cd accumulator plant        L. was studied in this paper. Several influence parameters were
studied in detailed, such as nitrogenous fertilizers
((NH4)2SO4, CO(NH2)2, NH4Cl) and potassium fertilizers (KCl, K2SO4, KNO3) on Cd species distribution in soil, the Cd bioaccumulation coefficient,
translocation factor, and the Cd accumulation quantity by plant.

  
On the basis of conventional agronomic
measures, the remediation of cadmium (Cd) polluted
soil by the Cd accumulator plant     
  L. was studied in this paper. The influence of
nitrogenous fertilizer ((NH4)2SO4, CO(NH2)2,
NH4Cl) and potassium fertilizer (KCl, K2SO4,
KNO3) on the Cd bioaccumulation coefficient, translocation factor, Cd accumulation quantity by plant
and Cd species distribution in soil, was researched
through pot experimentation. The results showed
that (NH4)2SO4 had no significant role in improving
the total biomass of        L., while
CO(NH2)2 and NH4Cl could significantly improve
the total biomass of the plant. Three kinds of N fertilizer treatments could significantly promote the Cd
absorption from roots. Furthermore, all the K fertilizer treatments could significantly promote the Cd
absorption via root and the aboveground portions of
the plant. Comparing the total Cd accumulation
quantity by plant, the effect of N, K fertilizers was
CO(NH2)2>KCl>NH4Cl>(NH4)2SO4>KNO3>K2SO4
>CK.


#"
Nitrogenous fertilizer, potassium fertilizer, cadmium,  
     L,soil remediation


 ! 
Due to the low cost and safe affection soil structure, phytoremediation technology is attracting more
and more interest to remedy heavy-metal contaminated soil [1-3]. Generally speaking, most of these
soils lack nutrients. Remediation efficiency is lowered by the individual use of hyperaccumulator and
accumulator plants. There are many factors affecting
the absorption and accumulation of heavy metals,
such as the moisture and property of the soil, pH, organic matter and coexistence elements [4-10], however, it is urgent to study how agronomic methods
affect cadmium (Cd) absorption and accumulation

  

82)3-/)05%. /%5)3-%.4 Clean meadow
brown soil (0–20 cm) samples were collected from
the Shilihe experimental station, Chinese Academy
of Sciences (Shenyang, China), using a five-point
quincunx sampling method [14]. The basic physical
and chemical properties were as follows: pH 6.43,
organic matter 1.57%, CEC 24.5 cmol kg-1, total
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nitrogen 0.82 g kg-1, available phosphorus 9.16 mg
kg-1, available potassium 85.13 mg kg-1 and total Cd
0.15 mg kg-1.        L was used in
the experiment. It is a Cd accumulator which grow
strongly and has fewer plant diseases and insect pests
than other plants.

Australia). According to the method of Tessier [17],
sequential extraction was carried out. There were
five chemical fractions of Cd in the soil as follows:
SE (water-soluble plus exchangeable), WSA (bound
to carbonate or weakly specifically adsorbed), OX
(bound to Fe-Mn oxides), OM (bound to organic
matter) and RES (residual).
The bioaccumulation coefficient (BC) and
translocation factor (TF) were calculated according
to the formulas of Liu [18].
BC=the Cd concentration in the plant / the Cd
concentration in the soil. (1)
TF= the Cd concentration in shoots / the Cd
concentration in roots. (2)

%5%%0%.94-4The statistical analysis was performed using SPSS 11.0 software for Windows. The
result for each sample is expressed as the average of
three replicates. All values are expressed as the mean
± SD, and the letters under the x-axis in the figures
refer to differences among different treatments at the
p<0.05 significant level.


! 

,)-0*.6)0')1*%+3101/-'/)%463)4105,)
&-1/%441*The influence
of agronomic measures on the root, above-ground
tissue and total biomass of       
Lwas illustrated in Figure 1. Contrasting with CK,
agronomic measures treatments promoted the
growth of the root and above-ground tissues, and improved the total biomass of        
L From the root biomass of        
L, the N2, K2 and K3 treatments promoted the root
growth significantly (p<0.05). The root biomass in
N2, K2 and K3 were 0.20, 0.17 and 0.17 g pot-1, respectively, and the root biomass in the CK treatment
was 0.13 g pot-1. Furthermore, N2, N3 and K1 treatments significantly (p<0.05) improved the aboveground biomass of           L For
N2, N3 and K1 treatments, the total biomass showed
a significant (p<0.05) improvement. The total biomass in the N2, N3 and K1 treatments were 2.14,
1.64 and 1.68 g pot-1, while in the CK treatment was
1.42 g pot-1.

15 )82)3-/)05 Cd polluted soil was artificially made using the above soil by adding Cd
[CdCl2·2.5H2O] in a total concentration of 20 mg
kg-1. The application level of nitrogenous fertilizer
was 0.1 N mg kg-1 and the application forms were
(NH4)2SO4, CO(NH2)2, NH4Cl, which were marked
as N1, N2 and N3, respectively. The application
level of potassium fertilizer was 0.05 K2O mg kg-1
and the application forms were KCl, K2SO4 and
KNO3, marked as K1, K2 and K3, respectively. The
control treatment (the addition of 20 mg kg-1 Cd
without adding nitrogen or potassium fertilizer) was
marked as CK. There were seven treatments and
each treatment had three replicates.
Cd was added to the above air-dried soil which
was screened by a 2 mm sieve, and each pot contained 1.00 kg soil. After two weeks, the nitrogenous
and potassium fertilizers were added to each pot according to the above design. 200.00 g soil were put
into the rhizosphere bag, which was composed of a
300 mesh nylon bag, and then the rhizosphere bag
was put into the pot containing the same soil sample.
Then, eight surface-sterilized seeds of    
    L were sown in each pot. Two weeks later,
the plants were reduced to 3 per pot. The pots were
randomly arranged in a greenhouse and rearranged
several times during the growth period. The plants
were irrigated with deionized water daily, maintaining the soil moisture content at 60% (w/w), which
was monitored by weighing.
The plants were harvested after 10 weeks. The
roots were shaken vigorously to separate soil that
was not tightly adhered to the roots. The rhizosphere
soil was collected carefully from the lower 2 mm of
soil that adhered to the roots. Soil samples of different treatment groups were also collected for the sequential extraction of Cd. The plant samples were
washed thoroughly with deionized water. The roots
of the plants were then washed with deionized water.
The plants were separated into the roots and aboveground tissues, then oven-dried at 70°C to reach a
constant weight. Finally, the dry weight (DW) of
each component and the total DW of the plants were
recorded. Dried plant samples were finely ground in
an agate mortar and stored prior to further analysis.

)5,1(4 The basic physical and chemical
properties of soil were tested according to the
method of Lu [15]. The Cd concentration in the soil
and the plants were determined after a strong acid
digestion using the acid HNO3-HClO4 (3:1) [16]. Cd
in supernatants was analyzed by a Spectr AA-200
atomic absorption spectrophotometer (AAS,

,)-0*.6)0')1*%+3101/-'/)%463)410)0
3-',-0+ 2312)35-)4 1*     
Agronomic measures improved the Cd assimilation
in the above-ground tissue and roots of    
    L(illustrated in Figure 2). Compared with
CK, the other treatments all significantly (p<0.05)
promoted the Cd concentration in the roots. The
roots with the highest Cd concentration were from
the N1 treatment, 153.50 mg kg-1, while the lowest
Cd concentration in the roots were from the CK treatment, 82.02 mg kg-1. N1, N3, K1, K2 and K3 treatments significantly (p<0.05) advanced the Cd
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concentration in the above-ground tissue of plants
The highest Cd concentration in the above-ground of
plants were in the K1 treatment, 197.72 mg kg-1,
while it was the lowest in the CK treatment, 143.87
mg kg-1.
From the total Cd concentration change illustrated in Table 1.
In Table 1, N1, N2, N3, K1 and K3 treatments
significantly (p<0.05) increased the total Cd absorption. Considering the bioaccumulation coefficient

Dry weight (g pot-1)

2,5

(BC) and translocation factor (TF) showed in Table
1, all the agronomic measures improved the bioaccumulation coefficient (BC) at different levels. While
only K1 treatment promoted the translocation factor
(TF) of        L
,)-0*.6)0')1*%+3101/-'/)%463)410(
42)'-)4 (-453-&65-10 1* 3,-:142,)3) 41-. The Cd
species distribution of rhizosphere soil under different agronomic measures was shown in Table 2.
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,)&%4-'2,94-'%.%0(',)/-'%.2312)35-)41*5,)5)45)(41-.
Different treatments
CK20
N1
N2
N3
K1
K2
K3

N1

total Cd amount (mg pot-1)
0.196±0.014d
0.271±0.022bc
0.344±0.033a
0.312±0.031abc
0.320±0.033ab
0.255±0.014cd
0.268±0.025bc

TF
1.75
1.22
1.31
1.50
1.85
1.73
1.67

BC
7.19
9.40
8.21
9.76
9.89
8.56
8.86



,)(42)'-)4(-453-&65-101*3,-:142,)3)41-.60()3(-**)3)05%+3101/-'/)%463)4
Different treatments
CK20
N1
N2
N3
K1
K2
K3

SE
11.33
11.91
12.07
12.04
12.42
11.64
11.39

WSA
2.73
2.47
2.92
2.62
2.99
2.84
2.98
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OX
3.78
3.58
3.34
3.60
3.03
3.59
3.55

OM
1.00
0.97
0.76
0.75
0.72
0.84
0.99

RES
1.16
1.07
0.91
0.99
0.83
1.10
1.09
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biomass of plant visibly, and improve the total Cd
accumulation. For the total Cd accumulation, the effect of three N fertilizers is CO(NH2)2> NH4Cl>
(NH4)2SO4 >CK.
The three treatments of KCl, K2SO4 and KNO3
all can increase the biomass of       
  L., however only the KCl treatment reached a
significant level. Applying potassium fertilizer to
strengthen phytoremediation is based on the interaction between potassium and its concomitant ions
with heavy metal elements. In this study, three K fertilizer treatments all significantly promoted the Cd
absorption in the roots and aboveground tissue of
       L., and the KCl treatment is
outstanding. Some research [25-26] indicates that,
through the exchange function of K+ and the complexation function of Cl-, using KCl can change the
existing forms of Cd in soil, improve the exchangeable Cd concentration, and promote Cd absorption
by plants. It has been confirmed in this experiment
that potassium fertilizer can increase the content of
exchangeable Cd. Song [27] also found that adding
potassium fertilizer in polluted soil could improve its
Cd content and promote the Cd absorption. The
study of Tu [26] pointed out that K+ completed the
absorption sites of the soil particle with Cd2+ and
Pb2+ to enhance the content of water soluble state and
exchangeable Cd and Pb, and increase the effectiveness of heavy metal. Adding potassium fertilizer also
incorporates concomitant ions, such as Cl-, SO42- and
NO3-. These concomitant ions can combine with
heavy metal ions, change the activity of heavy metals in soil, and affect the absorption and accumulation of heavy metals in plants. At the same time, fertilizer variety, soil environment (moisture and redox
conditions), and the growth period of plant all affect
the activation effect of potassium fertilizer for heavy
metals, but can sometimes decrease the effectiveness
[25, 28]. In addition, using potassium fertilizer extensively inhibited the 137Cs absorption by plants in
the research of Chou [29], which maybe due to K and
Cs both being alkaline metals that possess similar
chemical properties. Therefore, there is competition
in absorption and accumulation of K and Cs by
plants. In this study, for the total Cd accumulation,
the effect of three K fertilizers is KCl> KNO3>
K2SO4> CK.
Because potassium fertilizer is mainly used to
improve the quality of agricultural products, nitrogenous fertilizer’s ability to increase quantity is
stronger than that of potassium fertilizer’s. In this
study, the effect of increasing production of the total
biomass of        L. is CO(NH2)2>
KCl> NH4Cl> (NH4)2SO4> K2SO4≈KNO3, CK. For
the total Cd accumulation by        
L., the treatment effect of N, K fertilizers is
CO(NH2)2 >KCl >NH4Cl >(NH4)2SO4 > KNO3
>K2SO4 > CK.

Compared with CK, agronomic measures increased the SE (water-soluble plus exchangeable) of
Cd in rhizosphere soil. In general, the Cd species in
rhizosphere soil presented the transformation tendency from OX (bound to Fe-Mn oxides), OM
(bound to organic matter) and RES (residual) to SE
(water-soluble plus exchangeable) and WSA (bound
to carbonate or weakly specifically adsorbed). Combining comprehensive factors, such as the plant
growth condition and the total Cd amount,
CO(NH2)2 (N2) and KCl (K1) were chosen as suitable N and K fertilizers.


!
Suitable nitrogenous fertilizer can significantly
increase the biomass of plants while failing to reduce
the concentration of heavy metals in plants. On the
contrary, it can increase the total amount of heavy
metals in plants. The study of Kulli showed that applying urea could observably improve the accumulation of Cu, Cd and Zn by     . and 
    [19], but because the usage of N fertilizer
was too extensive, it could have diluted its effect on
the accumulation of heavy metals and reduced the
accumulation. Robinson found that after applying nitrogenous fertilizer, the biomass of the Ni hyperaccumulator   could double without
cutting down the Ni content in the aboveground tissue [20]. Nie and his colleagues found that a small
amount of nitrogenous fertilizer could improve the
biomass of Pb hyperaccumulator and promote the
absorption of Pb [21]. With the increasing nitrogen
content, the Pb absorption capacity of plants reduced
gradually. Moreover, as a physiological acid fertilizer, ammoniacal nitrogen can lower the soil pH,
while aggravating the activity of heavy metal in soil
and promoting their absorption in plants. In this
study, the improvement of (NH4)2SO4 on the biomass of           L. is not obvious
(), but CO(NH2)2 and NH4Cl can significantly () improve the biomass. The promotion of CO(NH2)2 for total biomass of    
    L. is the most effective. All three N fertilizer can promote the Cd absorption via root by   
       L. With the exception of
CO(NH2)2 treatment, (NH4)2SO4 and NH4Cl can
both promote Cd absorption in aboveground tissue
by        L. Although (NH4)2SO4
can’t improve the total biomass of     
  L., it can improve the Cd concentration in roots
and aboveground tissue, and improve the total Cd accumulation. In this study, (NH4)2SO4 can enhance
the content of exchangeable Cd (SE), improve the
Cd effectiveness, and then promote the Cd absorption by plants, which is in accordance with other
studies [22-24]. Although CO(NH2)2 can’t significantly improve the Cd concentration in aboveground
of        L., it can improve the total
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[4] Li, Y., Zhang, G.Y., Li, H.J., Wei, J. (2004) Effects of organic acids on speciation of lead in
rhizosphere and their phytotoxicity. Ecology
and Environment. l3, 164-166.
[5] Renella, G., Landi, L., Nannipieri, P. (2004)
Degradation of low molecular weight organic
acids complexed with heavy metals in soil. Geoderma. 122, 311-315.
[6] Strawn, D.G., Sparks, D.L. (2000) Effects of
soil organic matter on the kinetics and mechanisms of Pb (II) sorption and desorption in soil.
Soil Sci Soc Am. 64, 144-156.
[7] Salah, S.A., Barrington, S.F. (2006) Effect of
soil fertility and transpiration rate on young
wheat plants (Triticum aestivum) Cd/Zn uptake
and yield. Agricultural Water Management. 82,
177-192.
[8] Appel, C., Ma, L. (2002) Concentration, pH,
and surface charge effects on cadmium and lead
sorption in three tropical soils. Environ Qual.
31, 581-589.
[9] Zhang, W.M., Xiu, L.Q., Chen, W.F. (2016) Remediation effects of maize-straw-derived biochar on rice grown in cadmium-contaminated
soil in north China. Fresen. Environ. Bull. 25,
602-611.
[10]Yi, N., Wu, Y.G., Hu, S.H. (2018) Inhibitory effect of natural zeolite and its chitosan composites on cadmium-contaminated soils. Fresen.
Environ. Bull. 27, 2913-2921.
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Nutrient and heavy metal concentration and distribution in corn, soybean and wheat as affected
by different tillage systems in the argentine
pampas. Soil and Tillage Research. 62, 55-60.
[12]Hu, A.T. (1995) Plant nutriology. Beijing Agricultural University Press, Beijing, China, 22-25.
[13]Liu, X.B., Xing, B.S., Zhou, K.Q., Wang, G.H.,
Liu, J.D. (2005) Phytoremediation and its mechanisms for contaminated soils. Chinese Journal
of Eco-Agriculture. 13, 134-138.
[14]Zhou, Q.X. (1996) Soil-quality guidelines related to combined pollution of chromium and
phenol in agricultural environments. Hum Ecol
Risk Assess. 2, 591-607.
[15]Lu, R.K. (1999) Analytical methods for soils
and agricultural chemistry. China Agricultural
Science and Technology Press, Beijing, China,
30-45.
[16]Guo, G.L., Zhou, Q.X., Koval, P.V., Belogolova, G.A. (2006) Speciation distribution of Cd,
Pb, Cu and Zn in contaminated phaiozem in
north-east China using single and sequential extraction procedures. Aust J Soil Res. 44, 135142.
[17]Tessier, A., Campbell, P.G.C., Bisson, M.
(1979). Sequential extraction procedure for the
speciation of particulate trace metals. Anal
Chem. 51, 844-851.

(NH4)2SO4 had no significant role in improving
the total biomass of        L. While
CO(NH2)2 and NH4Cl could significantly ()
improve the total biomass of it, CO(NH2)2 most effective. Three N fertilizer treatments all could significantly () promote the Cd absorption within
the roots. With the exception CO(NH2)2 treatment,
(NH4)2SO4 and NH4Cl both could significantly
() improve the Cd absorption by aboveground
tissue of        L. Comparing the
total Cd accumulation quantity, the effect of three N
fertilizer was CO(NH2)2> NH4Cl> (NH4)2SO4> CK.
The three K treatments all could increase the biomass of           L., however only
KCl treatment reached a significant level. On the
other hand, it could significantly promote the Cd absorption via roots and aboveground tissue of plants,
the KCl treatment was the most effective. Comparing the total Cd accumulation quantity, the effect of
three K fertilizers was KCl> KNO3> K2SO4> CK.
The production increasing ability of N fertilizers
were stronger than that of K fertilizers. In this study,
the effect of increasing production of the total biomass of        L. was CO(NH2)2>
KCl> NH4Cl> (NH4)2SO4> K2SO4≈KNO3, CK.
Comparing the total Cd accumulation quantity of
       L., the effect of N, K fertilizers was CO(NH2)2> KCl> NH4Cl> (NH4)2SO4>
KNO3> K2SO4> CK.
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µmolCO2·mmol-1H2O) was slightly higher than
   (1.40±0.78 µmolCO2·mmol-1
H2O). Planting plant under the special environment
background of rocky desertification, we must fully
consider the photosynthetic characteristics at different time points and take necessary measures
(such as shading and replenishing water) to increase
its water use efficiency and explore potential ecological and economic values. According to the
characteristics of photosynthesis adaptation for
   and   at different
times, it is of great theoretical and practical significance to develop forestry resources and restore
vegetation in the karst areas.



The diurnal variation of photosynthetic characteristics for    and  
  in the karst desertification area of Southern
China were measured by using Lcpro+ photosynthetic apparatus of England on sunny days. The
results showed that the net photosynthetic rate and
transpiration rate of    and 
  increased with the increase of light radiation and temperature. In order to protect themselves,
partial stomata were closed initiatively or passively,
which resulted that the intercellular CO2 concentration and leaf moisture were decreased, the photosynthetic rate and transpiration rate were relatively
declined and it was appeared a more obvious or
lagged "midday break" phenomenon. The diurnal
mean value of net photosynthetic rate for 
  was 2.66±0.69 µmol CO2·m-2·s-1,
which was much lower than   
(7.32±3.87 µmolCO2·m-2·s-1), this basically accords
with the rule that the comprehensive photosynthetic
efficiency of leguminosae vegetation is higher than
buxaceae. The most active time of photosynthetic
physiological characteristic for   
was at 8:00, and the reason for the lower photosynthetic activity in other time periods may be related
to its intolerance to strong light and high temperature, while the photosynthetic characteristic of
    was relatively high throughout the
day. 8:00 was one of the best time for the assimilation of    and    .
There was a great difference in water use efficiency
between    and   in
other periods, but there was a cross change trend of
"high-low-high-low". On the whole,  
  has the characteristic of low photosynthetic
rate, low transpiration rate and low water use efficiency,    has the characteristic of
high photosynthetic rate, high transpiration rate and
low water use efficiency, the diurnal mean value of
water use efficiency for   (1.52±0.84

%$ ! 
Karst,   ,    , photosynthetic characteristic
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Photosynthesis is very important to plants.
More than 90% dry matter of plants comes from
photosynthetic assimilation of leaves, it is significant to improve the yield and quality of plants by
making good use of their photosynthetic characteristics [1]. The photosynthetic characteristics of
plant leaves are closely related to leaf structure and
environment, and it will shows different adaptation
mechanisms and adaptation characteristics to different habitat conditions [2-3]. The interaction
mechanism between plants and environmental factors and the adaptation of plants to habitats can be
reflected by the photosynthetic characteristics of
plants [4]. The karst ecological environment system
is an ecosystem which is severely constrained by
the karst environment [5]. South China karst is
located in the tropics and subtropics, rain hot during
the same period, but due to the influence of special
karst geological environment, a special karst arid
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termination was conducted on a sunny day, 1 times
were measured every 2h intervals in the middle
period during the period of 8:00, 10:00, 12:00,
14:00, 16:00 and 18:00, 6 times were measured in
total, 15 plants of    and 
  were selected randomly and respectively,
and the mean value was calculated by selecting the
upper and middle mature leaves of 3 leaves of each
plant. The photosynthetic apparatus were 3 Lcpro
portable photosynthetic apparatus produced by
ADC Bioscientific Company of England, the instantaneous photosynthetic rate of leaves was
measured by using the red and blue light source leaf
chamber. The main measurement and statistical
indexes were as follows: net photosynthetic rate (Pn,
µmolCO2·m-2·s-1),
transpiration
rate
(Tr,
mmolH2O·m-2·s-1), stomatal conductance of CO2
(Gs, molH2O·m-2·s-1), intercellular CO2 concentration (Ci, µmol·mol-1), atmospheric temperature (leaf
chamber temperature, (Tch, ) and leaf temperature(Tleaf, )), photosynthetic active radiation
(PAR, μmol·m-2·s-1) and water use efficiency
(WUE,µmolCO2·mmol-1H2O). IBM SPSS 20.0 and
Microsoft Excel 2007 were used to conduct statistical analysis, and OriginPro 9.0 was used to make
figures.
WUE = Pn/Tr.

environment is formed. The plants often exhibit
special xerophytes, lithophilous and calciphytes
[5-7].
   belongs to   
family and    genus, it is a tree species
which is widely distributed in the southern China
area [8], its higher nutrition content is suitable for
animal feeding of goat [9].  belongs
to leguminosae and    genus, it is a
dominant species or widely distributed species of
xeric shrub community which is widely distributed
in the karst area of southern China [10]. Previous
studies have shown that mature   has
strong anti-drought ability [11-13]. The two types
of shrubs have important ecological and economic
value in the succession of plant communities,
maintenance of species diversity, soil improvement
and prevention of soil erosion, and medical research
in the karst mountainous area, it is expected to be
an ideal material for vegetation restoration in the
arid and poor mountainous karst regions. Therefore,
it is of great theoretical and practical significance to
reveal the adaptability of photosynthetic characteristics for    and   
and its countermeasures to the exploitation of karst
forestry resources and vegetation restoration in the
karst mountainous areas.
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"-* ).741'/ 8'4.'6.21 (-'4'(6*4.56.(5 2+ '6
0253-*4.( 3'4'0*6*45 The diurnal dynamic
change of photosynthetic effective radiation in the
experimental site was shown in fig. 1. The diurnal
variation range of photosynthetic active radiation at
8: 00  18:00 was about 189.31-1685.
40µmol·m-2·s-1, it was 888.53±76.53µmol·m-2·s-1 at
8:00, it was reached a peak value at 12:00, which
was 1685.40±97.63µmol·m-2·s-1, and the lowest
value appeared in one day at 18: 00, which was
189.31±47.32µmol·m-2·s-1, and the daily mean
values of photosynthetic effective radiation was
1177.78±592.16µmol·m-2·s-1.
The diurnal dynamic change of leaf chamber
temperature was shown in Fig. 1. The leaf chamber
temperature was mainly affected by photosynthetic
active radiation and the shielding from the partial
leaf chamber, its variation range is from 25.38 
to 36.64  and the temperature at 8 : 00 is 25.385
±1.29 , since then, due to the rapid increase of
photosynthetically active radiation, the leaf chamber temperature rose rapidly, the mean temperature
reached the highest value at 14:00, which was 36.64
±0.66 , and the average temperature of leaf
chamber was 32.36 ±4.36 .
The diurnal dynamic change of leaf temperature was shown in Fig. 1. The leaf temperature was

The study site is located in Qixingguan District, Bijie City, Guizhou Province (E
105°02′01″~105°08′09″, N 27°11′36″~27°16′51″),
it is a typical karst plateau-basin area with potential-light rocky desertification, the average elevation is 1600m, the parent soil material is loose, the
weathering is fast and the soil erosion is serious.
The main soil type is yellow soil, the tilling layer is
shallow and the fertility is low. This area belongs to
the subtropical monsoon humid climate, it is arid in
winter and spring, and water logging and foggy in
summer. The annual average temperature is about
12°C, the frost-free period is 245d, the average
annual rainfall is 1000 mm, the precipitation season
is unevenly distributed and more than 80% of precipitation is concentrated in rainy season from June
to September. Due to the uneven seasonal precipitation and the serious leakage of karst geomorphology, water resources are relatively scarce.
" !"!
The experimental material was 3-year old
   and    . In September 2014, the field test for photosynthetic de-
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of net photosynthetic rate for   
and    were shown in Fig. 2. The
daily mean values of net photosynthetic rate for

  and     was
2.66±0.69 μmol CO2·m-2·s-1and 7.32±3.87 μmol
CO2·m-2·s-1, respectively. The daily mean net photosynthetic rate of  was higher than
  . It can be seen from fig. 2 that
the diurnal variation curve of net photosynthetic
rate for  and   was
quite different, the diurnal variation curve of net
photosynthetic rate of    showed
an inverted "L" pattern, which reached its maximum values at 8:00 and has been decreasing gradually since then. it began to increase again after
16:00. While the    directly maintained a higher level at 8: 00-12: 00 and reached its

mainly affected by photosynthetic active radiation,
it was about 1  higher than leaf chamber temperature, its variation range was from 26.27  to
38.14 , the lowest temperature appeared at 8: 00,
which was 26.27 ±1.22 , the highest temperature
appeared at 14: 00, which was 38.14 ±0.67  and
the average value of leaf temperature was 33.50
±4.73.
The variation range of atmospheric pressure
was between 882.86-886.02×104 Pa, the maximum
value of atmospheric pressure is 886.02±0.10×104
Pa appeared at 10-12:00, the lowest values of atmospheric pressure was 881.98±0.10×104 Pa appeared at 18:00, and the daily mean values of atmospheric pressure was 884.11 ±1.54Pa.

"-* ).741'/ 8'4.'6.21(-'4'(6*4.56.(5 2+ 1*6
3-2625:16-*6.( 4'6* The diurnal dynamic change
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tion rate for    was obviously lower than    . From Fig. 3, the diurnal
variation of transpiration rate for   
and   was basically the same at 8:00,
after which the curve change was negatively correlated. The maximum value of   
was appeared at 8:00, it was declined faster between 8: 00 and 10:00, after which the curve was
changed relatively stable. The curve of 
  rose rapidly from 8:00 to 10:00, the maximum value was appeared at 10: 00, it has been
declining after 10:00. According to the transpiration
rate curves of    and  
  , it was showed that the transpiration rate of
   was significantly decreased due
to high light radiation and high temperature, while
the transpiration rate of  affected by
high light radiation and high temperature which
was not as intense as   .

maximum at 12:00, then it was showed a downward
trend, its lowest value appeared at 18:00. Fig. 2
showed that    was more sensitive
to light, and it was seriously affected by high light
radiation, the phenomenon of "midday break" occurred for a long time,    showed
high net photosynthetic rate before 12:00, the characteristics of net photosynthetic rate was low after
12:00, which may also be mainly influenced by
high light radiation.
"-* ).741'/ 8'4.'6.21 (-'4'(6*4.56.(5 2+
64'153.4'6.214'6* The diurnal dynamic change of
transpiration rate for 
  and
   were shown in Fig. 3. The daily
mean values of transpiration rate for  
  and     was 1.64±0.97
mmolH2O·m-2·s-1 and 4.77±1.34 mmolH2O·m-2·s-1,
respectively. The daily average values of transpira

#  
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#  
"-*)'./:):1'0.((-'1,*2+.16*4(*//7/'4(21(*164'6.21+24   '1)  

"-* ).741'/ 8'4.'6.21 (-'4'(6*4.56.(5 2+
"-* ).741'/ 8'4.'6.21 (-'4'(6*4.56.(5 2+
9'6*4 75* *++.(.*1(: The diurnal dynamic change
5620'6'/ (21)7(6'1(* The diurnal dynamic
of water use efficiency for Buxus microphylla and
change of stomatal conductance for  
Sophora davidii were shown in Fig. 4. The size of
  and    were shown in Fig. 5.
water use efficiency can generally reflect the
The stomatal conductance curves of  
strength of plant adaptation and water use perfor  and   were showed an invertmance [14]. The daily mean values of water use
ed "L" pattern, the trend of two curves was similar,
the maximum value appeared at 8:00, the change
efficiency for Buxus microphylla and Sophora
range was small after 10:00 and the curve was stadavidii was 1.40±0.78 µmolCO2·mmol-1H2O and
ble. The daily mean values of stomatal conductance
µmolCO2·mmol-1H2O, respectively. It can be seen
for    and     was
from Fig. 4 that the diurnal variation curves of
0.09±0.17
molH2O·m-2·s-1
water use efficiency of Buxus microphylla and
and
0.20±0.17
Sophora davidii had certain similarities, but there
molH2O·m-2·s-1, respectively, the stomatal conductance of    at each observation
were also many differences, and the daily average
points was lower than   .
value was not much different. The water use efficiency of Buxus microphylla was the highest at
8:00, which was higher than Sophora davidii, it was
"-* ).741'/ 8'4.'6.21 (-'4'(6*4.56.(5 2+ .1
rose slowly at 10: 00 to 14: 00, the lowest value
6*4(*//7/'4  (21(*164'6.21. The diurnal dyappeared in one day at 16:00, and then rose slowly.
namic change of intercellular CO2 concentration for
The water use efficiency of Sophora davidii reached

  and    were
its maximum at 8:00, the low value appeared at
shown in Fig. 6. The daily mean values of intercel10:00, the secondary peak appeared at 12:00, it was
lular CO2 concentration for    and
a slight increase at 16:00 with little change.
   was 80.39±32.13µmol·mol-1 and
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the utilization of photosynthetic plants at different
275.38±55.70µmol·mol-1, respectively. The intertime nodes. The net photosynthetic rate of 
cellular CO2 concentration curve of  
  at 8:00 and 12:00 was very signifi  was relatively smooth, the maximum value
cantly correlated with temperature (P  0.01),
of intercellular CO2 concentration appeared at 8:00,
which was indicated that temperature was an imthe lowest value appeared at 14:00, and then inportant factor affecting net photosynthetic rate, the
creased slowly. The intercellular CO2 concentration
transpiration rate of    at 8 : 00, 12:
curve of    was high in the middle
00 and 16: 00 was significantly (P0.05 ) or very
and low on both sides, the lowest value appeared at
significantly ( P0.01 ) correlated with tempera12:00, which was 2h earlier than the lowest value of
ture, which was showed that the temperature factor
  , the maximum value of interwas very significant for these time nodes. The
cellular CO2 concentration for   
comprehensive analysis of each node showed that
appeared at 18:00, and the secondary peak appeared
the net photosynthetic rate of   
at 8:00, the variation trend of two curves was simiwas very significantly correlated with transpiration
lar on the whole.
rate and stomatal conductance (P0.01), and it was

significantly correlated with the intercellular CO2
244*/'6.21 1'/:5.5. Generally, the correlation of each factor is analyzed by comprehensive
concentration(P0.05 ), the transpiration rate of
mean value, which is visualized and simple, but it
   was significantly correlated with
also has the problem that the analysis of each factor
the intercellular CO2 concentration and stomatal
is not clear enough at a certain node. Therefore,
conductance (P0.05). It can be showed from
each photosynthetic factor was analyzed in 6 time
Table 1.
nodes in this paper, which was more beneficial to
"
244*/'6.8*'1'/:5.52+*'(-+'(624+24   
Time
8:00

10:00

12:00

14:00

16:00

18:00

Comprehensive
at each time node

Parameters
Pn
Tr
PAR
Tch
Tleaf 
Ci
Pn
Tr
PAR
Tch
Tleaf 
Ci
Pn
Tr
PAR
Tch
Tleaf 
Ci
Pn
Tr
PAR
Tch
Tleaf 
Ci
Pn
Tr
PAR
Tch
Tleaf 
Ci
Pn
Tr
PAR
Tch
Tleaf 
Ci
Pn
Tr
PAR
Tch
Tleaf 
Ci

Tr
0.225
1

PAR
0.05
0.515**
1



0.284
0.130
1

Tch
-0.622**
-0.560**
-0.569**
1

Tleaf
-0.611**
-0.566**
-0.568**
0.995**
1

-0.738**
0.247
-0.128
1

-0.726**
0.250
-0.077
0.996**
1

0.208
1

-0.226
0.144
1

0.236
0.385**
-0.189
1

0.166
0.407**
-0.034
0.947**
1

0.376*
1

0.310*
0.079
1

0.137
0.129
-0.415**
1

0.103
0.220
-0.313*
0.940**
1

0.101
1

-0.262
0.050
1

0.342*
0.365*
-0.387**
1

0.287
0.421**
-0.120
0.959**
1

0.971**
1

0.322
-0.154
1

0.401
0.582
0.550
1

-0.740
-0.687
0.724
-0021
1

0.971**
1

-0.322
-0.154
1

0.401
0.582
0.550
1

-0.740
-0.687
0.724
-0.021
1




-0.213
1

Ci
-0.664
0.302*
-0.217
0.121
0.089
1
-0.600**
0.743**
-0.232
0.395**
0.369*
1
-0.622**
0.602**
0.300*
0.067
0.407**
1
-0.288
0.439**
0.010
-0.245
-0.097
1
-0.781**
0.466
0.16*
0.007
0.117
1
0.814*
0.856*
-0.378
0.358
-0.876*
1
0.814*
0.856*
-0.378
0.358
-0.876*
1

Note:*”Correlation is significant at the lever of 0.05, and “**”Correlation is very significant at the lever of 0.01.
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Gs
0.185
0.872**
0.535**
-0.631**
-0.657**
0.461**
-0.079
0.954**
0.219
0.012
0.024
0.671**
0.183
0.900**
0.156
0.100
0.105
0.565**
0.298*
0.982**
0.062
0.020
0.107
0.456**
0.119
0.839**
0.068
0.017
0.044
0.269*
1.000**
0.977**
-0.307
0.422
-0.736
0.822*
1.000**
0.822*
-0.307
0.422
-0.736
0.822*
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244*/'6.8*'1'/:5.52+*'(-+'(624+24  
Time
8:00

10:00

12:00

14:00

16:00

18:00

Comprehensive at each
time node

Parameters
Pn
Tr
PAR
Tch
Tleaf
Ci
Pn
Tr
PAR
Tch
Tleaf
Ci
Pn
Tr
PAR
Tch
Tleaf
Ci
Pn
Tr
PAR
Tch
Tleaf
Ci
Pn
Tr
PAR
Tch
Tleaf
Ci
Pn
Tr
PAR
Tch
Tleaf
Ci
Pn
Tr
PAR
Tch
Tleaf
Ci

Tr
-0.056
1

PAR
-0.305*
0.075
1

Tch
0.462**
-0.351*
-0.278
1

Tleaf
0.473**
-0.359*
-0.284
0.997**
1

0.543**
1

0.153
0.065
1

0.363*
0.451**
0.296*
1

0.336
0.435**
0.484*
0.964**
1

0.548**
1

0.156
0.410**
1

0.209
0.779**
0.358**
1

0.240
0.788**
0.379**
0.998**
1

0.343*
1

0.149
0.173
1

-0.582**
-0.367*
-0.393**
1

-0.117
-0.266
-0.149
0.569*
1

0.193
1

-0.294*
-0.157
1

0.175
0.737**
0.242
1

0.187
0.763**
0.205
0.998**
1

0.248
1

0.419**
0.673**
1

0.430**
0.715**
0.738**
1

0.432**
0.730**
0.766**
0.987**
1

0.602
1

0.754
0.898*
1

0.059
0.814*
0.618
1

0.140
0.854*
0.680
0.997**
1

Ci
-0.902**
0.427**
0.310*
-0.633**
-0.652**
1
-0.696**
0.159
-0.196
0.234
-0.201
1
-0.519**
0.321*
0.120
0.225
0.788**
1
-0.347*
0.720**
-0.009
0.008
-0.278
1
-0.826**
0.249
0.015
-0.053
-0.046
1
-0.923**
-0.075
-0.295**
-0.346**
-0.358**
1
-0.438
-0.917*
-0.819*
-0.886*
-0.913*
1

Gs
-0.634**
0.511**
0.491**
-0.794**
-0.814**
0.851**
0.480**
0.218
-0.127
0.225
0.177
0.218
0.626**
0.915**
0.306*
0.471**
0.438**
0.320
0.336*
0.990**
0.215
-0.402**
-0.302*
-0.691**
0.161
0.869**
-0.368*
0.321*
0.355*
0.383**
0.261
0.994**
0.630**
0.678**
0.704**
-0.059
0.528
-0.276
-0.022
-0.718
-0.668
0.503

Note: “*” Correlation is significant at the lever of 0.05, and “**” Correlation is very significant at the lever of 0.01.

#!!#!!

The net photosynthetic rate of 
at 8:00 had very significant (P0.01) or significant
correlation (P0.05) with each factor except for
transpiration rate, which was indicated that each
factor had an effect on the net photosynthetic rate.
The transpiration rate of    at 10:00
and 12:00 was very significantly correlated with net
photosynthetic rate (P0.01), the transpiration rate
of    at 14:00 was significantly correlated with net photosynthetic rate (P0.05). The
comprehensive analysis of each node showed that
the transpiration rate of    was significantly correlated with photosynthetic effective
radiation, temperature and intercellular CO2 concentration (P0.05) (Table 1).




The plants photosynthesis is mainly expressed
by two physiological indexes that are net photosynthetic rate and transpiration rate, in which the
intensity of photosynthetic rate is the expression of
the amount of accumulated matter, the high or low
transpiration rate is a performance of the ability of
plants to control and utilize water, water use efficiency is the main index to evaluate water consumption and assimilation ability of plant [15-18].
Meanwhile, there is a close relationship between
plant photosynthesis and growth environment,
plants adapt to adverse environment by changing
their own metabolic mechanism and form photosynthesis mechanism matching local environment
during long time adaptation to complete the normal
life cycle [19]. Plant leaves are affected by temper-
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transpiration rate [22]. The maximum value of
water use efficiency for    and
  were both at 8: 00, it was indicated
that 8:00 was one of the best time for plant assimilation. In this experiment, there were significant
differences in water use efficiency between 
  and    in other periods,
but there was a trend of cross change with
“high-low-high-low”. On the whole,  
  has the characteristic of low photosynthetic
rate, low transpiration rate and low water use efficiency,    has the characteristic of
high photosynthetic rate, high transpiration rate and
low water use efficiency, the diurnal mean values of
water use efficiency for   (1.52±0.84
µmolCO2·mmol-1H2O) was slightly higher than

 
(1.40±0.78
µmolCO2·mmol-1H2O). The results of field observation also showed that the growth of 
  was a little better than that of  
 .
In conclusion, planting plant under the special
environment background of rocky desertification,
we must fully consider the photosynthetic characteristics at different time points and take necessary
measures (such as shading and replenishing water)
to increase its water use efficiency and explore
potential ecological and economic values. According to the characteristics of photosynthesis adaptation for    and     at
different times, it is of great theoretical and practical significance to develop forestry resources and
restore vegetation in the karst areas.

ature and light available radiation, different regulation mechanisms of intercellular CO2 concentration
and stomatal conductance are formed, which influenced the constant change of photosynthetic rate.
The high or low transpiration rate of plants is an
important index to evaluate their water transport
ability, the substances accumulation of plant requires water and the supply of mineral nutrients
transported through water [20]. With the increase of
light radiation and temperature, in order to protect
themselves, partial stomata were closed initiatively
or passively, which resulted that the intercellular
CO2 concentration and leaf moisture were decreased, the photosynthetic rate and transpiration
rate were relatively declined and it was appeared a
more obvious or lagged "midday break" phenomenon.
   and    are
common plants in the karst area of southern China,
but they belong to different families and genera and
there are great differences in photosynthetic characteristics. The daily mean values of net photosynthetic rate for    was 2.66 ±0.69
molCO2 m-2 s-1, which was much lower than
  (7.32 ±3.87 molCO2 m-2 s-1), which
was basically in accordance with the rule that the
comprehensive photosynthetic efficiency of leguminous vegetation was higher than buxaceae[21].
From the general observation, the most active time
of photosynthetic rate for   was at
8: 00, the photosynthetic rate at 8: 00 was
10.48±2.12µmolCO2·m-2·s-1, it was close to the
photosynthetic
rate
of
  
(10.50±2.0µmolCO2·m-2·s-1), the highest transpiration rate of    was also appeared at
8:00, the transpiration rate at 8: 00 was 3.55±0.34
mmolH2O·m-2·s-1, the highest value of the photosynthetic rate and transpiration rate for  
  were all appeared at 8:00 in a day, it can
be seen that the most active time of photosynthetic
physiological characteristics for   
is at 8:00, and the reason for the lower photosynthesis in other periods may be related to its intolerance to strong light and high temperature. The photosynthetic characteristics of   
showed another trend, the net photosynthetic rate of
  was high photosynthetic characteristics between 8:00 and 12:00 which was above 10
µmolCO2·m-2·s-1, it was remained relatively high
after 12:00 which was above 3 mmolH2O·m-2·s-1
except at 18:00, the transpiration rate of 
  was also relatively high, which may be
related to the different leaf physiological mechanism of two plant, but it did not exclude the factors
related to test time, experimental location and tree
age.
The high or low water use efficiency of plants
mainly depends on the net photosynthetic rate and

$"!
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Mineral components are of basic significance
in diet, despite the fact that they contain just 4–6%
of the human body [1]. The surplus or deficiencies
of these essential elements causes malnutrition and
diseases and also excess of some elements higher
than adequate level lead to toxic effect. Vitamins and
minerals directly don't supply energy, but they contribute to the organism's energy-producing vital reactions. They are micronutrient elements which promote metabolic activities and growth for healthy organisms. Because of their antioxidant properties,
some minerals protect some tissues and organs
against to oxidative stress. Thus, they have a protective role in the prevention of several degenerative
diseases and treatment of stages [2]. But, the usefulness of these edible wild and medicinal plants depends on the environmental pollution level of place
where they have been collected. Contamination of
such these plants is chiefly caused by the toxic metals pollution of soil that may be sourced from polluted irrigation water, exhausts of automobile/factories, atmospheric dusts, acid rains, fertilizers and
pesticides [3, 4]. Thus, the determination of chemical composition in the plants, which are popular and
widely consumed is very important. Turkey has richest flora of ten thousand-odd species [5] among the
countries of Europe and the Middle East because of
its geographical position and climate conditions. In
Eastern Anatolia, wild plants are consumed as raw,
dried herbs, boiled, fried in oil or baked singed in oil
or heated to be served as dishes, for example, stew,
vegetables, or as cold or hot drinks in different seasons and also are used in cheese manufacture to give
flavor. The aim of the present study was thus to identify the concentrations of basic nutrients, some minerals and heavy metals in some edible wild plants
grown in Eastern Anatolia.

Many edible wild plants are isolated and analyzed for their nutritional properties and mineral
contents in recent days. In the present investigation
different parts of the selected plants were analyzed
for some macro-micro contents and nutritional properties (Na, Mg, K, Ca, P, S, Mn, Fe, Cu, Z, Cr, Co,
and total ash, nitrogen, crude protein, pH and crude
fibre). !$"(  #!%' L. subsp. hispida (Witasek) Hayek, )$&#$  # #% (Freyn & Sint.)
Grossh., &'(%'(! #"  R. Br., "("( (&
$# )"'!#& L., #%*#"% '#  (Fisch. &
C.A.Mey) DC. are the five wild plants used for the
present study. These plants are easily available and
all of them are often used in cheese and some other
foods in daily life. The mineral element contents
were identified to be phenomenal in "("( (&$# 
)"'!#&L. for Mg, K, P, Cr and Co (4.25, 28.22,
5.63 g kg-1, 1.11 and 1.56 mg kg-1), &'(%'(!#
"  R. Br. for Na, S and Mn (1.03, 1.89 g kg-1
and 221.67 mg kg-1), #%*#"% '#  for Fe, Cu
and Z (368.41, 31.07 and 18.07 mg kg-1), )$&#$ 
# #% (Freyn & Sint.) Grossh. for Ca and Fe (14.92
g kg-1 and 370.81 mg kg-1). The highest total ash, nitrogen, crude protein and pH levels (34.0%, 1.62%,
10.1 and 6.47%, respectively) were obtained from
&'(%'(!#" R. Br.
(' "#
Herby cheese, mineral composition, nutritional value, wild
plants

$" %$ 

Wild edible plant species might have totally
different uses in several countries, furthermore as in
several areas of more country. The use of these
plants is part of the cultural traditions of rural and
suburban communities around the world. Numerous
wild edible plants are consumed traditionally for different purposes for centuries in their vegetation season, but there is not sufficient information about
their deleterious effects or nutritive values.

$"#$ #

!4*6;5*;.92*4:The majority of herbal plants
which are traditionally used for taste and aroma of
Van herby cheese, were collected from the plateaus
of eastern Anatolia at various periods of time in
2012. The samples were pressed and dried according
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in triplicate and the data are presented as mean ± SD
with one-way analysis of variance at P<0.05 significance level. The LSD (The least significant difference) multiple test was used to compare differences
between the means statistically.

to herbarium techniques and identified by biologist
Dr. Ozgokce with respect to Flora of Turkey flora [6]
and voucher samples were kept in the Department of
Field Crops Herbarium. The properties of these species are given in Table 1. The roots, stem and leaves
of these plants were cleaned by hand to remove all
foreign matter. After that, the plants were washed
with running water and with distilled water then for
any residual moisture was evaporated at room temperature. The samples were ground by a laboratory
stainless-steel mill. The grounded samples were then
stored in different glass cups and at 48 oC until analysis.

"#%$##%## 

Due to its geographic situation in Eastern Anatolia, there is an essential diversity of the flora, many
of these plants being endemic and locally consumed
for numerous purposes; however, there is insufficient information about their chemical and nutritional composition.
Sodium takes part within the ionic balance of
the human body and maintain tissue excitability.
Due to the solubility of salts, sodium plays a vital
role within the transport of metabolites. In this study,
&'(%'(!#"  R. Br., had the highest amount
of Na (1.03 g/kg), !$"(  #!%' and #%
*#"% '#  contained the lowest levels (0.51,
0.52 g/kg), respectively. Our results show differences because of consumed parts of the plants, conditions of growth, species differential, geographical
variations and procedures of analysis for some wilds
plants higher than our data when compared with the
previous literatures [8].
Mg is that the fourth easiest ion within the body
and is gifted in additional than three hundred catalyst
systems, wherever it's vital for adenosine triphosphate (ATP) metabolism. Deficiency of Mg is related to muscle abnormal irritability, increasing insulin resistance, platelet reactivity [9] and convulsions and surplus Mg with depression of the central
nervous system [10], because of that uptake of mg
with sufficient amount is important. On bases of this
point, mg content ranged from 0.86g kg-1 (&'(%
'(!#"  %) to 4.25g kg-1 ("("( (&$# 
)"'!#& L.). Our results for "("( (& $# )"
'!#&L. are much higher than those from the bibliography [11].

1.52,*4 *6*4?:2: The moisture contents of
samples were instantly measured before analyses. To
determine dry matter content, the materials were
dried at 105 ºC for 24 hours in an oven. Electric Muffle Furnace set at 550 ºC were used for determination
of total ash content (inorganic matter). Kjeldahl apparatus and method were used to find the nitrogen
content of the samples. After total nitrogen content
determination, crude protein contents were calculated by formula. pH values were determined by pHmeter in the plant samples. Crude fiber analyses
were accomplished by [7].
The concentrations of calcium (Ca), copper
(Cu), chromium (Cr), cobalt (Co), iron (Fe), potassium (K), magnesium (Mg), manganese (Mn), sodium (Na), zinc (Zn), in the powdered samples were
identified using the Inductively Coupled PlasmaAtomic Emission Spectroscopic (ICP/AES) according to procedure [7]. Phosphorus (P) and Sulphur (S)
were quantified according to molybdate–vanadate
method with an UV-Visible spectrophotometer (Shimadzu UV-1201 V; Shimadzu, Kyoto, Japan). For
quality control purposes, the samples’ mineral contents were quantified against standard reference solutions of known concentrations which were analyzed at the same time.
#;*;2:;2,*4 *6*4?:2: The statistical analyses
were performed by ANOVA procedures using
CoStat version 6.303, 1998 – 2004 CoHort Software


$ 
#75.=*4<.->24-84*6;:/975-2//.9.6;:8.,2.:,76:<5.-26*:;.966*;742*
!4*6;:

*524?

7,*4*5.

%:.-!*9;: 7,*42;2.:

!$"(  #!%' L. subsp. &$(Witasek) Hayek Campanulaceae
Çırkçırk
Root *
F 10443 (L1)
)$&#$ # #% (Freyn & Sint.) Grossh.
Caryophyllaceae
Çöğen, çöven, coğan Leaf, stem
F 10829 (L2)
&'(%'(!#"  R. Br.
Brassicaceae
Tere, Tuzuk
Leaf
F 9827 (L3)
"("( (&$# )"'!#& L.
Ranunculaceae
Çünk
Leaf, stem
F 11416 (L4)
#%*#"% '#  (Fisch. & C.A.Mey) DC.
Asteraceae
Nerebent
Root *
F 10919 (L5)
 : B9 Bitlis, Tatvan, the western slopes of the Alacabük Mountain, from Dağdibi village towards the summit, the edge of the creek, 2100m,
38°24'53" N ve 42°43'30" E,
 : B9 Bitlis/Van, Alacabük Mountain, southeastern slopes, Yoldöndü - Timar - Summit, 2000-2900m, 38°24'809" N ve 42°44'942" E,
 : B9 Bitlis, Tatvan, The western slopes of the Alacabük Mountain, the cave location, step, 2600 m, 38°25'48" N ve 42°43'54" E,
 : B9 Bitlis, Tatvan, Alacabük mountain northeast slopes, rocky areas,1850 m, 38° 27' 360" N ve 42° 50' 560" E,
 : B9 Bitlis/Van, Alacabük Mountain, northwestern slopes, from İnköyü towards the summit, 2640-2870m, 38°25'220" N ve 42°45'302" E,
* Uses for preparation of animal coagulant
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$ 
$1.,76,.6;9*;276:26#7-2<5*06.:2<5!7;*::2<5*4,2<5!17:8179<:*6-#<481<926*6*4?@.-
:*584.:
!4*6;:
!$"(  #!%'&(&$&$'&)
#-
)$&#$ # #% %)""' %#&&
#-
&'(%'(!#"  %
#-
"("( (&$# )"'!#&L.
#-
#%*#"% '#  & ) 
#-
&
# 

*
(g/kg)
0.52
± 0.001
0.59
± 0.007
1.03
± 0.017
0.76
± 0.009
0.51
± 0.003
 
 

d
c
a
b
d



0
(g/kg)
2.29
± 0.172
2.20
± 0.070
0.86
± 0.058
4.25
± 0.104
1.82
± 0.122
 
 

b
b
d
a
c




(g/kg)
4.30
± 0.350
6.81
± 0.053
12.76
± 1.283
28.22
± 0.239
16.23
± 0.143
 


e
d
c
a
b



*
(g/kg)
13.04
± 0.557
14.92
± 0.673
13.36
± 0.730
12.58
± 0.071
7.50
± 0.026
 
 

b
a
b
b
c



!
(g/kg)
1.17
± 0.071
0.65
± 0.070
3.27
± 0.096
5.63
± 0.142
1.30
± 0.021
 
 

c
d
b
a
c



#
(g/kg)
1.20
± 0.100
0.51
± 0.029
1.89
± 0.109
1.42
± 0.085
1.50
± 0.012
 
 

c
d
a
b
b



from 0.7 to 2.6g kg-1, respectively). Sulfur is a multivalent non-metal, plentiful, bland and unscented.
Every living thing needs sulfur. It is particularly essential for people since it is a piece of the amino acid
methionine, which is an absolute dietary necessity
for human. The amino acid cysteine likewise contains sulfur. The normal individual takes in around
900mg of sulfur for every day, for the most part as
protein.
Table 2 is monitored the sulphur contents of observed five wild plants which are significantly varied
among species. Therefore, in this study, sulphur concentrations ranging from 0.51g kg-1 ( )$&#$ 
# #%) to 1.89g kg-1, with &'(%'(! #"  recording the highest amount. These values are remaining in the range of the sulphur content of a previous study reported by Tunctürk and Özgökçe [16]
for some Apiaceae plant species used in Van herby
cheese (0.25g kg-1 to 2.38g kg-1).
Manganese activates various significant enzymes [17], particularly decarboxylase and dehydrogenase enzymes, which play a crucial role in the respiratory carbon cycle. Manganese deficiency in humans may cause the immunodeficiency disorder,
disorder of bony cartilaginous growth in infants,
rheumatic arthritis in adults, as well as myocardial
infarction and other cardiovascular diseases [18]. So,
sufficient intake of manganese is essential for health.
As can be seen in Table 3, the highest contents of
manganese were found in the leaf of &'(%'(!#
"  (221.67mg kg-1) and the lowest level was
measured in
!$"(   #!%' L. roots
(35.21mg kg-1). Our data are in good line with those
previous studies, which the amounts of manganese
were in the ranges of 5 – 276mg kg-1 for some other
species [16, 19-21].
Of all the micronutrients, iron is an essential element for most life on earth, including human beings. Iron is required for various exceedingly complex procedures that persistently happen on a subatomic level and that are crucial to human life [22].
As a source of iron edible plants and vegetables have
a vital importance. Therefore, these five edible wild

Potassium is an activator of a few catalysts,
specifically and coenzyme. So, the daily intake of a
sufficient amount is essential for a healthy body. As
can be seen in the Table 2, the potassium content was
significantly varied among the plant species, ranging
from 4.30g kg-1 ( !$"(  #!%' L.) to 28.22g
kg-1, with "("( (&$# )"'!#& L. recording the
highest amount. Our results for "("( (&$# )"
'!#& L. are much higher than those reported by
Bhat, et al. [11] for some other valued plants. It has
been determined that potassium concentration
seemed to vary as a function of absolute plant species, consumed parts of plants (root, stem or leaf)
and environmental conditions.
Calcium is well known to have a special role in
regulation of metabolism, e.g. protein kinesis, protein phosphates and certain peptidases [12]. As
shown in Table 2, the calcium content, which is more
essential for healthy bones, teeth, blood, nerves and
muscles [10], was found to be high in nearly all the
analyzed species, except in #%*#"% '# with
7.50g kg-1. Due to the significant variation among
the species, the highest calcium (14.92g kg-1)
amount was observed from )$&#$  # #%
Ramıŕ ez-Orduña, et al. [13] who identified the mineral content of 10 browse species collected from
Baja California Sur, Mexico, also reported that a legume species ( %(! #%(!) had the highest
Ca (48.7g kg-1) amount and the legume %#&#$&&$
was lowest (14.3g kg-1). In this study, calcium content in all species was lower than those reported by
Ramirez, et al. [14].
Phosphorus can be found in the earth most regularly as phosphates. Phosphates are imperative substances in the human body, since they are a piece of
DNA material and they participate in vitality dissemination. Phosphates can likewise be discovered generally in plants [15]. As can be seen in Table 2, all
plant species had phosphorus content that significantly varied from 0.65g kg-1 ( )$&#$  # #%)
to 5.63g kg-1 ("("( (&$# )"'!#& L.). These
values are higher than that reported by Ramirez, et
al. [14] for some other species (from 0.8 to 2.8 and
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Chromium was for quite some time thought to
be a toxic mineral until it was found in 1957 to be
the crucial piece of Glucose Tolerance Factor (GTF).
Chromium plays a vital role in diabetes treatment
and fat metabolisms. Additionally, chromium is a
critical cofactor in the action of insulin [29]. In the
study, the chromium content has significant variation among the species and the minimum concentration was screened from &'(%'(! #" 
(0.09mg kg-1), and the maximum, 1.11mg kg-1 in 
"("( (&$# )"'!#& L. (Table 3). In some samples of another plant species, the concentration of
chromium was reported in the range of 0.35–0.97mg
kg-1 [16].
Cobalt is a crucial micro mineral that is a component of vitamin B12, and it is used to help production of red blood cells. Additionally, it ensures the
health of the nervous system and normal functioning
of the pancreas [30]. As can be seen in Table 3, the
highest mean level of cobalt (1.56mg kg-1) was
found in "("( (&$# )"'!#&L.samples. On
the other hand, the lowest mean level of cobalt was
recorded in #%*#"% '#  samples (1.04mg
kg-1). This study showed that cobalt content of 
$# )"'!#& L. sample was adequate that recommended by WHO [31]. The results of research are in
a good line with the data (0.22-1.26mg kg-1) reported
by Tuncturk, et al. [32] for some other edible wild
plants. Because of less requirement of this mineral,
the cobalt content of these five plants can ensure the
dietary intake.
Ash is an inorganic remnant remaining after the
water and organic matter that have been evacuated
by warming within the sight of oxidizing agents,
which give a measure of the aggregate sum of minerals inside nourishment. The total plant ash values
were significantly varied depending on the plant species and the highest ash content (34.0%) was measured in &'(%'(! #"  while !$"( 
 #!%' L. had the lowest (4.67%) (Table 4). It is
worth noting that our results for &'(%'(! #
" are higher than others found by Indrayan, et al.
[10] and Murat, et al. [33] for some medicinal plants
(4.50 – 22.32% and 6.67-15.33%, respectively).

plants have been analyzed for this crucial nutrient.
The plant species play a significant role in the iron
content of samples. The highest amount was observed from )$&#$ # #% with 370.81mg kg-1
and the lowest level (165.52mg kg-1) was obtained
from "("( (& $# )"'!#& L. (Tables 3). In
some previous studies, Divrikli, et al. [23] reported
30.0 – 945.3mg kg-1 for some spices and herbal
plants, Tunctürk and Özgökçe [16] monitored the
iron levels as 81mg kg-1 – 324mg kg-1 for Apiaceae
plants. Recommended dietary allowances of iron for
adults are 10-15mg day-1 when compared with the
study results, the levels of iron in observed plants are
good sources for adequate amount of the iron.
Copper is a vital micro-component that is crucial to the health of every living thing (humans,
plants, creatures, and microorganisms). In humans,
copper is crucial for the best function of organs and
metabolic procedures [24]. Copper has a significant
variation in all the species analyzed, ranging from
9.03mg kg-1 ( )$&#$  # #%) to 18.07mg kg-1
(#%*#"% '# ) (Table 3). Queralt, et al. [25]
reported higher cupper concentrations (7-38mg kg-1)
of some medicinal plants than the study results. The
World Health Organization suggests a minimum acceptable intake of approximately 1.3mg day-1. In this
case, the observed plants can be evaluated as a good
and sufficient source of cupper for daily dietary supplement.
Zinc is one of essential metal for normal
growth, the development and increase of cells, for a
smooth skin, bone metabolism, and taste and eyesight functions [17, 26]. Zinc inadequacy is identified by repetitive infections, deficiency of immunity,
and poor development. In Table 3, the zinc content
of the five plants ranged from 4.24 (&'(%'(!#
" ) to 18.07mg kg-1 (#%*#"% '# ) and,
are favorably in a good line with the content of many
other plants, which have been analyzed by Yıldırım,
et al. [27] and reported as 4.9 – 15.7mg kg-1. These
values are considerably higher than the content of
some cultivated vegetables, which have been analyzed by Turan, et al. [28] reported as 0.8–5mg kg-1.
Hence the use of these five wild plants may be suggested for the control of zinc deficiency.

$ 
$1.,76,.6;9*;276:26*60*6.:.976788.9)26,19752<5*6-7+*4;26*6*4?@.-:*584.:
!4*6;:
!$"(  #!%'&&$&$'&)
#-
)$&#$ # #% %)""' %#&&
#-
&'(%'(!#"  %
#-
"("( (&$# )"'!#&L.
#-
#%*#"% '#  & ) 
#-
&
# 

6
.
<
(mg/kg)
(mg/kg)
(mg/kg)
35.21 c
313.15 b
10.32 cd
± 8.807
± 2.927
± 0.812
41.88 c
370.81 a
9.03 d
± 0.721
± 30.185
± 0.282
221.67 a
325.30 b
12.61 bc
± 8.568
± 9.850
± 0.921
61.77 b
165.52 c
13.60 bc
± 0.788
± 13.043
± 0.929
46.03 bc
368.41 a
31.07 a
± 16.968
± 37.472
± 2.101
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)6
(mg/kg)
14.36 b
± 2.150
7.11 d
± 0.310
4.24 e
± 0.131
12.26 c
± 0.234
18.07 a
± 1.036
  
  

9
(mg/kg)
0.22 c
± 0.042
0.11 c
± 0.016
0.09 c
± 0.095
1.11 a
± 0.363
0.68 b
± 0.190
  
  

7
(mg/kg)
1.15 b
± 0.079
1.05 b
± 0.165
1.11 b
± 1.143
1.56 a
± 0.165
1.04 b
± 0.020
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<;92;2=.=*4<.7/*6*4?@.-.-2+4.>24-84*6;:
$7;*4*:1


!4*6;:
!$"(  #!%'&(&$&$'&)
#-
)$&#$ # #% %)""' %#&&
#-
&'(%'(!#"  %
#-
"("( (&$# )"'!#&
#-
#%*#"% '#  & )


#-
&
# 

4.67
± 1.155
8.67
± 1.155
34.00
± 33.333
13.33
± 2.309
11.00
± 1.732


 




d
cd
a
b
bc



0.52
± 0.040
0.49
± 0.032
1.62
± 1.582
1.08
± 0.057
0.54
± 0.044
  
 

9<-.897;.26

c
c
a
b
c



3.23
± 0.252
3.11
± 0.176
10.10
± 9.888
6.77
± 0.351
3.59
± 0.103
 
 

c
c
a
b
c



9<-.
/2+9.

!
5.73
± 0.162
5.67
± 0.178
6.47
± 6.492
5.77
± 0.096
6.04
± 0.100




c
c
a
c
b



34.50
± 2.106
40.52
± 0.750
30.79
± 30.762
22.81
± 2.559
37.64
± 1.267
 



c
a
d
e
b



[10] (2.70-15.14%). These differences might be due
to different species, growth conditions, ecological
and geographical variations and procedures of analyses [8].

Nitrogen is a central point in the formation of
proteins crucial to the creating of genetic material in
the human body. Therefore, it is significant for all
types of life. As can be seen in Table 4, the differential of species has significant effects on nitrogen content samples. Therefore, the nitrogen content ranged
from 0.49 to 1.62% where the highest value observed
from &'(%'(!#" . The results for nitrogen
content were similar to those of some other wild
plants reported by Turan, et al. [28] as 0.35- 1.70%.
Proteins are crucial nutrients that the body
needs to grow and maintain itself. Thus, proteins are
the most plentiful substance in human bodies. Just
known, the muscles are made of protein. As can be
seen in Table 4due to the high content of nitrogen,
&'(%'(!#" showed the highest crude protein content (10.10%). On the other hand, among
these plants, nitrogen and protein contents were
found in low amounts in )$&#$ # #%3.11%
which has no statistically significant difference with
!$"(   #!%' L. and #%*#"% '# .
All species studied appeared to have similar levels of
protein when compared with the results (the interval
of 2.42 - 11.56%) reported by Turan, et al. [28] and
Indrayan, et al. [10].
As shown in Table 4, pH levels of were in the
range of 5.67– 6.47 (highest in &'(%'(!#" 
and lowest in )$&#$ # #% which has no significant difference with !$"(   #!%' L.
and &'(%'(! #" ). pH concentration of
some other samples from Eastern Anatolia was reported as in the range of 6.05–6.53 by [33].
Fibre is essential for a healthy balanced diet. It
can help to prevent coronary illness, diabetes, weight
gain and a few cancers, and can likewise enhance digestive wellbeing [34]. The values in the present
work for the levels of crude fibre in the samples
could ensure daily dietary fibre intake. The crude fibre showed significant differences among the observed plant species. The minimum fibre content is
determined for "("( (& $# )"'!#& L. as
22.81%, while the maximum amount measured for
)$&#$  # #% as 40.52%. The results show
higher differences when compared with the literature

 %# 

Finally, the present study highlights the significance of these five wild plants, which are significant
food sources for the Eastern Anatolian people, relating that their mineral component structure is sufficient and that the nutritious estimation of these species is good. This paper endeavors to add to information about the wholesome properties of these
plants, which have been only partially reported to
date. Therefore, information of their mineral and nutrient composition is of awesome interest. The mineral element concentration was observed to be phenomenal in "("( (&$# )"'!#&L. (Mg, K, P,
Cr and Co), &'(%'(! #"  (Na, S and Mn),
#%*#"% '#  (Fe, Cu and Z) and )$&#$ 
# #% (Freyn & Sint.) Grossh. (CA and Fe). The
highest total ash, nitrogen, crude protein and pH levels were obtained from &'(%'(!#" R. Br.,
while the highest crude fibre content was observed
from )$&#$ # #% (Freyn & Sint.) Grossh. We
believe that this information might be valuable for
the assessment of dietary data, which require earlier
learning of the nutritional composition of edible wild
plant species which can be consumed in cheese or
alone. Additionally, it was evaluated that these observed plants contained safe levels of the heavy metals examined and thus may have no unfavorable impacts related to heavy metal toxicity on body health.
But, while these plants are being used by the public,
the chemical content analysis is not being performed
and they generally being used directly. Therefore,
the environmental conditions should be taken in care
while these plants are being gathered for safe use.
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Biomass has received tremendous attention
both in developed and developing countries as a renewable energy source [5, 6]. Biomass energy, i.e.
energy obtained from plant and animal-based natural
materials composed mainly of carbon-hydrate compounds [7, 8, 9], represents a source of environmentally friendly, inexhaustible renewable energy. Production of high-quality biofuels with good mechanical, chemical and energy properties is strongly desired [10]. Biomass, which includes agricultural residues, accounts for approximately two-thirds of all
potential sources of renewable energy in Turkey
[11], whose vast areas of agricultural production offer great potential in terms of renewable energy resources.
Peach is very popular in Asia as China is the
number-one producer in the world, and in Europe, as
well. Turkey as having lands both in Asia and in Europe took advantage of this fruit. She produces
nearly 645,000 tons of peach per year, representing
3.5% of world production. Out of this production
2714.9 tons of wastes produced per year and that
stands for 11858.3 TEP of potential energy per year
[12]. Therefore, the present study examined the possible use of peach branch residues left after pruning
of trees as solid biofuel. Briquettes produced with
four different compression pressures (40, 80, 120
and 160 MPa), moisture contents (M10 and M15)
and a particle sizes of 2 mm. Physical-mechanical
(briquette density, tumbler and shatter indexes) and
thermal properties (flue-gas emission values, ash
content and calorific values) measured to determine
optimum parameters for the briquetting of peach tree
pruning residues.

This study examined the peach tree pruning
residues for solid biofuel purposes. The residues
were briquetted using a hydraulic briquetting machine with a horizontal course. Solid cylindrical briquettes were produced under four different compression pressures (P: 40, 80, 120 and 160 MPa), with
moisture contents (M10: 8%-10% and M15: 13%15%) and particle size (PS: 2 mm). Physical properties (briquette density, tumbler and shatter indexes)
and thermal properties (gas emission values after
combustion, ash content and calorific values) of the
briquettes were measured. The study found an optimum briquetting pressure of 160 MPa and optimum
moisture content of M15 for peach tree pruning residues.
(' #$
Biofuel, briquette, peach, pruning, residue.
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The demands for energy increase along with increases in world population, fossil-fuel reserves are
continually decreasing. Fossil fuels such as petroleum, coal and natural gas satisfy the major fraction
of total need of world’s energy [1]. Given that the
main task of the energy sector is to ensure the continual availability of reasonably priced energy for a
growing population and developing economy, it is
clear that the consumption of fossil-based fuels must
be reduced and the search for new sources of renewable energy accelerated [2].
Amongst the existing global challenges, indiscriminate burning of fossil fuels and the ensuing climate change impact due to CO2 emissions are the
most serious problems of 21st century. Of the renewable energy sources, bioenergy as sustainable and
environmentally friendly alternative to the fossil
fuels has stirred substantial research worldwide. Biomass conversion processes have emerged as a rapidly growing field of science and technology endeavored to fulfil ever-growing energy deficit as well as
reduce CO2 emissions by 70–90% [3, 4].

%#$% $

This study was conducted using pruning residues from peach gardens (Fig. 1).
918<-;;15/Briquetting, one of the densification technologies, is a fundamental and promising
method for conversion of the waste and purposely
grown biomass into solid biofuels [13]. It is achieved
by forcing loose particles together into a larger, more
compact and shaped form, by application of mechanical force to create particle-to-particle bonding [14,
15]. Pruned peach branches were collected from the
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the mass of the briquette divided by its volume. Briquette resistance to breakage by impact (Tumbler index) and after falling (Shatter index) was tested according to related standards [18, 19, 20] (Fig. 2a and
2b).

)
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&# 
)%<4*3-9;-:;*$0);;-9;-:;

%0-94)3 7967-9;1-: 6. *918<-;;-: Thermal
properties were measured by vertically positioning 3
briquettes (approx. 600 g) in the combustion chamber of a standard, wood-burning stove and recording
measurements after the burning process reached a
steady-state condition. Briquettes were burned in a
stove and their higher heating values were measured
using an IKA C200 calorimeter (Fig. 3a). Testing
was performed according to given standard [21].
Flue-gas emissions during burning were measured
using an Ecom EN2 flue-gas sensor (Fig. 3b). The
probe of the device was installed approximately 1 m
above the stove, and all readings were performed
from this constant point (Fig. 4). The ash contents of
the briquettes were determined using an ash furnace
according to standard [22].
Data analysis was performed using the IBM
SPSS Statistics 21 software. The normality analysis
was performed with the Kolmogorov-Smirnov single sample test and the variance homogeneity was
assessed by the Levene test and the variances were
homogeneous (P> 0.05), with normal distribution of
the data.



gardens and brought to workshop of Agricultural
Machines and Technologies Department at Ondokuz
Mayis University in Samsun Turkey. They were
ground to PS: 2 mm by a 3 kW powered hammer mill
consisting of 8 hammers rotating at a speed of 2,850
rpm. Then they were sun dried under normal conditions until the M10 and M15 were achieved as defined by standards [16 and 17]. Solid cylindrical briquettes were produced by a hydraulic type briquetting machine having a mold with a wall-thickness of 25 mm. They were briquetted at P: 40, 80,
120 and 160 MPa in order to find out optimum briquetting pressure for the particular residue.
!0@:1+)3 7967-9;1-: 6. *918<-;;-: Volume
mass of the briquettes was measured by calculating
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studies described by [23, 24, 25]. Moisture content
of briquettes is very important for successful extrusion [26, 27]. Moisture content of the material (M10
and M15) in the present study was selected based on
EU standards [17] and previous studies, which reported material moisture contents of between 8%15% to be suitable for briquetting using hydraulic
equipment [24, 26, 28]. Some physical-mechanical
parameters of briquettes produced from peach tree
pruning residues are given in Table 1.
918<-;;- ,-5:1;@ Briquette density was significantly affected by briquetting pressure and moisture content (P<0.01). But, the effect of different
moisture contents at the same briquetting pressures
was not statistically significant, except for P 80. The
majority of volume mass values ranged between
788-1040 kg.m-3, which is in line with the literature
[5, 29, 30, 31]. The maximum briquette density obtained (1039.05 ± 2.61 kg.m-3) was for (160
MPa/M15). As expected, better impaction was
achieved with higher pressure (160 MPa). Compression was also better for material with lower moisture
content than higher moisture content due to the characteristic incompressibility of liquids [27]. Relationship between briquetting pressure and density and
the mathematical equations are given in Fig. 5. The
relation was directly proportional as expected. In
other words, denser briquettes were produced under
higher briquetting pressures, which is in line with the
study [32].

&# 
3<-/):-41::1659-),15/:
#$&%$$&$$ 

This study analyzed the physical-mechanical
and thermal properties of briquettes formed from
pruning residues of peach tree in order to convert
them in a regular form as solid biofuel. Pressures
were selected based on pre-testing that showed 80
MPa to be sufficient for obtaining briquettes of satisfactory durability and shape and are in line with


% 
!0@:1+)34-+0)51+)37)9)4-;-9:.697-)+0;9--79<515/*918<-;;-:
%<4*3-9
$0);;-9

918<-;;-,-5:1;@
!!)
5,-?
5,-?

2/4 
M10
798.58 ± 7.90e
20.03 ± 1.03g
60.66 ± 3.87c
40
M15
787.97 ± 11.17e
25.92 ± 0.09f
67.90 ± 3.61b
M10
855.35 ± 3.72d
63.81 ± 2.87e
91.94 ± 3.62a
80
M15
911.85 ± 6.06c
72.93 ± 1.26d
91.72 ± 0.66a
M10
982.18 ± 5.22b
83.55 ± 1.67c
94.15 ± 0.70a
120
M15
979.80 ± 6.82b
89.39 ± 0.12bc
96.01 ± 1.52a
M10
1033.28 ± 6.57a
92.46 ± 1.62ab
95.31 ± 0.78a
160
M15
1039.05 ± 2.61a
96.12 ± 0.10a
98.83 ± 0.10a
*The difference among the values carrying the same letter at each column is insignificant

&#
918<-;;-,-5:1;1-:,-7-5,15/65*918<-;;15/79-::<9-:.69 )5, 
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%<4*3-915,-?-:,-7-5,15/65*918<-;;15/79-::<9-:.69 )5, 



&#
$0);;-915,-?-:,-7-5,15/65*918<-;;15/79-::<9-:.69 )5, 
%<4*3-95,-?-:Tumbler indexes increased
with increases in briquetting pressure. The highest
Tumbler index obtained (96.12 ± 0.10%) was for
(P:160/M15). A similar study showed that up to a
certain limit, increases in moisture content increase
briquette durability [33], and it’s reported that
tougher briquettes were produced when materials
with higher moisture contents were subjected to
higher briquetting pressure [34]. According to results of a research tumbling resistance for charcoal
from pruning residues of subabul (Acacia
auriculiformis) and mango (Mangifera indica) were
93.01% and 92.08%, respectively [35]. Relationship
between briquetting pressure and the tumbler index
and the mathematical equations are given in Fig. 6.
A best fit was obtained by polynomial proportion
with the highest R2 values. The mathematical equations for tumbling index depending on the briquetting pressures are given in the figures.

is in line with a study where they found shatter
resistance as 95.82% for hazelnut husk briquettes
[37]. Another study found shatter resistance for
charcoal from subabul (Acacia auriculiformis)
pruning residues as 94.06% and 92.76% for mango
(Mangifera indica) pruning residues [35]. Relations
between briquetting pressure and the shatter index
and the mathematical equations are given in Fig. 7.
The best fits were again obtained by polynomial proportion with the highest R2 values. The mathematical
equations for shatter index depending on the briquetting pressures are given in the figures.
%0-94)3 7967-9;1-: 3<- /): -41::165:
Many countries are known to suffer from air pollution caused by burning coal for heating purposes,
and burning petroleum-based fuels are known to
have high levels of SOx, NOx and CO2 emissions
[38]. Reductions in emissions can be achieved by using biofuel briquettes made from agricultural residues in combustion chambers in place of coal. The
flue-gas emission values of the peach tree pruning
residue briquettes produced in the present study indicate their use as solid fuel to be environmentally
appropriate. Table 2 shows the maximum flue-gas
emission values the produced briquettes. Generally,
all the measured flue gas emission values increased
with the increase in pressure and moisture content,
except the CO. Fortunately, flue-gas emission values

$0);;-95,-?-:Shatter indexes of briquettes
increased with increases in briquetting pressure and
moisture content. This is also in line with the result
of a previous study [36]. The highest Shatter index
obtained (98.83 ± 0.10%) at (P:160/M15) where the
lowest was 60.66 ± 3.87% as expected at P:40/M10.
This shows that the briquettes resistance to breakage
after falling is rather good which in terms means they
are suitable for transportaition and storing. The result
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also in line with the findings of previous studies [47,
48].
It’s reported that subabul (Acacia auriculiformis), which is a fast growing medium sized tree,
had a relatively high calorific value (20.32 MJ.kg-1).
The wood was widely used for fuelwood and charcoal production [49]. It’s been reported that mango
(Mangifera indica) was a large evergreen tree to 20
m tall with a dark green, umbrella shaped crown
[50]. Mango sticks had a calorific value 17.59
MJ.kg-1. The wood made excellent charcoal and firewood. In another study both subabul (Acacia auriculiformis) and mango (Mangifera indica) studied
and reported that the gross calorific values as 16.64
MJ.kg-1 and 15.67 MJ.kg-1, respectively [35].
Ash contents of the briquettes are given in Table 3. Ash contents varied among 2.85 and 4.39% for
peach pruning briquettes which is line with the study
where they found 2.0 to 5.4% of ash content for
peach pruning residues [45]. As known, high water
and ash contents remaining after burning a material
are known to have a negative effect on the material’s
burning quality. In this sense briquettes with M10
and M15 at P160 gave promising results for lower
ash contents. Ash contents of 4.07% and 5.19% were
found for subabul (Acacia auriculiformis) and
mango (Mangifera indica), respectively [35].

for all treatments in this study fall within the limits
of legal Regulations for Air Pollution Control for
Heating in Turkey [39]. The results for CO2 emissions are in line with the study done with pruning
residues of apple tree [40].
The present study found briquette CO emissions decreased with increases in moisture content in
contrary with [41, 42, 43]. SO2 emissions were negligible at P80/M10 and M15 and at P160/M10. These
findings are also in reverse relation with a study,
where they measured flue-gas emissions from biomass briquettes produced from various residues
burnt in a domestic wood stove [44].

-);15/ =)3<- )5, ):0 +65;-5; The maximum higher heating value was found to be 19.50
MJ.kg-1. This is in line with a study where they found
20.10 MJ.kg-1 gross and 18.80 MJ.kg-1 net calorific
values for peach pruning residues [45]. Also, this
vale matches with the results of a study done by [46]
where they found a higher heating value of 19.4
MJ.kg-1 for peach tree pruning residues. Higher heating value of the briquettes produced from peach tree
pruning residues is higher than the higher heating
value of wood (15.91 MJ.kg-1), indicating fuel briquettes produced from peach pruning residues would
be a better source of heat energy than wood. This is

% 
)?14<44-):<9-,.3<-/):-41::165:.69*918<-;;-:

 
 
 


774
774
17.30
3.50
1424.00
75.00
M10
± 0.00b
±0.00f
± 0.00a
± 0.00g
40
3.60
990.00
80.00
17.20
M15
±0.00e
± 0.00e
± 0.00e
± 0.00c
15.97
4.83
836.33
131.33
M10
± 0.03e
±0.03c
± 0.00g
± 0.33b
80
17.20
3.60
783.00
77.00
M15
± 0.00c
±0.00e
± 0.00h
± 0.00f
18.00
2.90
1108.00
56.00
M10
± 0.00a
±0.00g
± 0.00c
± 0.00h
120
16.10
4.70
897.00
101.00
M15
± 0.00d
±0.00d
± 0.00f
± 0.00d
14.90
5.90
1286.33
141.33
M10
± 0.00g
±0.00b
± 0.00b
± 0.67a
160
15.30
8.90
1089.00
113.00
M15
± 0.00f
± 0.00a
± 0.00d
± 0.00c
*The difference among the values carrying the same letter at each column is insignificant
!!)



% 
:0+65;-5;:6.*918<-;;-:
P (MPa)

M (%)
Ash content* (%)
M10
4.23 ± 0.00b
40
M15
3.42 ± 0.00e
M10
2.85 ± 0.00h
80
M15
3.75 ± 0.00d
M10
4.39 ± 0.00a
120
M15
3.78 ± 0.00c
M10
2.89 ± 0.00g
160
M15
3.23 ± 0.00f
*The difference among the values carrying the same letter in the column is insignificant
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774
79.00
± 0.00g
83.00
± 0.00e
138.00 ±
0.58b
81.00
± 0.00f
59.00
± 0.00h
107.00 ±
0.00d
148.67 ±
0.33a
119.00 ±
0.00c

$ 
774
4.00
± 0.00b
2.00
± 0.00c
0.00
± 0.00e
0.00
± 0.00e
4.00
± 0.00b
1.00
± 0.00d
0.00
± 0.00e
5.00
± 0.00a
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The present study used a hydraulic briquetting
machine to produce cylindrical briquettes with varying parameters in order to determine the most suitable configuration for converting peach tree pruning
residue into solid biofuel based on physical-mechanical and thermal parameters. The study found an optimum briquetting pressure of 160 MPa, optimum
moisture content of M15 in terms of physical-mechanical and thermal properties. But in the same
manner, 40 MPa of briquetting pressure is not recommended for peach tree pruning residues due to
low briquette density, tumbler and shatter indexes
despite the fact that it would have lower energy consumptions. Also, P40 briquettes had relatively
higher ash contents and CO emissions. The briquetting of unused agricultural residues for use as
solid biofuel could be useful in meeting today’s energy deficits and reducing global warming. In addition, the use of agricultural residues as an alternative
energy source can contribute to employment in agricultural regions by promoting the establishment of
new, agricultural-based industries. Additional research is important not only for enhancing the quality and quantity of scientific data, but also as a means
of focusing public attention on the energy potential
of agricultural residues.
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processes (e.g. evaporation, photochemical action,
and microbiological degradation). Although some
petroleum hydrocarbons go into the atmosphere
through evaporation, most petroleum hydrocarbons
remain either in the seawater (as the dissolved constituent and the corresponding degrading constituent), or in the sediments (through absorption, flocculation, and precipitation) [9]. Although the petroleum hydrocarbons entering the sediments are degraded by the microorganisms in the bottom mud,
their degradation is slow due to the low temperature
and low oxygen conditions at the marine sediment.
The migration of petroleum hydrocarbons and their
components to the groundwater through the soil will
cause different levels of petroleum hydrocarbon
components in the groundwater environment to be
detected, reducing the quality of groundwater. In
some petrochemical areas in China, the groundwater
quality deterioration caused by oil pollution in the
aerated zone soil is prominent. The oil content in
groundwater in local areas is as high as 20-30 mg/L,
and the benzene content is as high as 20-50 mg/L.
The wells are scrapped. Relocation of residents has
seriously affected their use of functions, causing serious harm to local industry and agriculture. Due to
the slow decomposition of petroleum hydrocarbon
organic pollutants, the problem of groundwater pollution is significant. The monitoring data indicates
that the groundwater in the oilfield area is V-type
groundwater within 500m of the pollution source
such as the oil well, and the oil content in the groundwater of the 1500m monitoring point still meets the
Class IV standard [10].
Petroleum hydrocarbons in the sediment may
accumulate in benthic invertebrates and cause physical and/or chemical alterations, such as altering
growth, development, and reproduction. Schalcher et
al. [11] found that 1 week after the Pacific adventurer
spill in 2009, the quantity and density of the macrobenthos in the oil-polluted low tide zone declined
markedly. Culbertson et al. [12] found that petroleum treatment caused the filtration rate of ribbed
mussel %### to decline from 52 mL/h
to 28 mL/h. Zhang et al. [13] observed toxic effects

In order to study the bioavailability of petroleum hydrocarbons in ""# %$##, we
examined total petroleum hydrocarbons and petroleum chemical composition in  %$## after
exposure to different concentrations of crude oil. 
%$## had a high ability to accumulate petroleum hydrocarbons. The total petroleum hydrocarbons in  %$## reached a maximum on the
tenth day, afterwards the total petroleum hydrocarbons began to decline. N-alkanes in the tissue in 
%$## were mainly C15–C35.In the first 10 days
of exposure the relative concentration of C15–C35 in
%$##increased, and from the tenth to the
twenty-fifth day the relative concentration of C15–
C35 decreased. The main polycyclic aromatic hydrocarbons (PAHs) in the tissue in %$##after
exposure to crude oil were 2–4 rings PAHs. The proportion of 2-rings PAHs decreased with time; the
proportion of 3-rings PAHs augmented and then declined; the proportion of 4-rings PAHs declined and
then augmented, and the proportion of 5-rings PAHs
increased with time.


(& "#
""#%$##, petroleum hydrocarbon, accumulation, transformation, bioremediation

$" %$ 
Along with the yearly increase of offshore oil
production and transportation, offshore oil spill accidents are becoming increasingly frequent. For example, the Prestige shipwreck in 2002, Mexico oil spill
in 2010, Volganeft-139 in 2010, and Penglai 19-3 oil
spill in 2011 poured massive oil quantities into the
sea [1-7]. Increasing petroleum industry activities
augment the risk of oil contamination of marine ecosystems in recent years. Offshore oil pollution has
become a remarkable environmental concern worldwide [8]. Petroleum degrades slowly in the sea,
through a series of physical, chemical and biological
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taminants from the sediment. Recently, several studies have focused on %$##response to organic contaminants. Zhang et al. [22] showed that
exposure to 0.15 and 0.2 mL/L of petroleum hydrocarbons significantly inhibited the activity of 
%$## acetylcholinesterase. Chen et al. [23]
found that exposure to petroleum hydrocarbons
could significantly induce cytochrome P450 mRNA
expression in  %$##. We previously reported that gene expression and enzyme activities of
catalase and superoxide dismutase were positively
correlated to the concentration of crude oil in 
%$##. However, the bioaccumulation and transformation of petroleum in this species is still poorly
understood. To evaluate the ability of %$##
to accumulate crude oil, we examined the total petroleum hydrocarbons content, the petroleum hydrocarbon fraction, and the ratio of PAHs in 
%$## exposed to different concentrations of
crude oil. The results of this research will give some
insights for using this species in bioremediation of
sediments polluted with oil derivatives.

of petroleum pollution on the gonads and hepatopancreas of Pacific oysters "###$"#, including
tissue atrophy, cytoclasis, nucleus disruption, swelling of karyolemma, etc. Laffon et al. [14] found
higher DNA damage in the gills of mussel '$%#
 "&#in petroleum polluted areas of Galician coast in Spain, compared to mussels in unpolluted areas. The toxic effects of petroleum to organism are related to petroleum characteristics, such as
persistence and bioaccumulation. Quantitative information on oil bioaccumulation based on kinetic parameters (e.g. uptake, and eliminate ion rate constants) is important for risk assessment, and to understand the toxic effects of petroleum on organisms.
The study accumulation of petroleum hydrocarbons
in marine organisms has mainly focused on shellfish,
fish, and crustaceans [15, 16]. In contrast, information about marine polychaetes is still scarce.
Marine polychaetes are benthic invertebrates
distributed in the tidal flat estuaries. They are diet for
fish, shrimp, and crab. Due to their fast growth, short
life-cycle, abundant biomass, high benthic density,
and high protein content, the abundance of marine
polychaetes directly influences the ocean foodchain, and the ocean’s biodiversity [17]. It has been
reported that some polychaetes can accumulate and
digest heavy metals and organic pollutants. If accumulation of these pollutants remains below a certain
concentration, polychaetes would not be fatally
harmed, but at higher concentrations they would be
affected [18]. Therefore, it is important to study the
accumulation dynamics and transformation mechanisms of petroleum hydrocarbons in polychaetes.
Previous research shows that during evolution polychaetes have developed a series of mechanisms to
cope with environmental stress such as with low-nutrition, or persistent organic pollutants. Research regarding the bioaccumulation of toxic pollutants and
their transformation by polychaetes has been conducted. Catalano et al. [19] reported that the concentration of B(a)P in #$&"#" exposed to
0.5 mg/L B(a)P after 10 days,can reach11,705 μg/g.
Palmqvist et al. [20] found that  $ #  exposed to benzo(α)pyrene (B(a)P) alone can accumulate B(a)P (117.14 µg/g) to a significantly higher degree than worms exposed to B(a)P together with fluoranthene (69.78µg/g). Rust et al. [21] compared the
transformation capacity in six marine polychaetes
species, after exposure to B(a)P for 7 days. The biotransformation efficiency indifferent polychates specieswas 92% in  #$#, 85% in "##%,
72% in "#&"#, 27% in  '##, 14% in
""""#and 6% in '$"!%$
The bioaccumulation factors were inversely related
to the species' ability to metabolize PAHs.
""#%$## are polychaetes widely
distributed in the intertidal zone of China. Their
short-distance migration and deposit feeding characteristics facilitate their accumulation of organic con-

$"#$ #
>8.925.6;*45*;.92*4 Soil samples were obtained from tidal flat zones in Jinzhou, Liaoning,
China. A 40 mesh sample sieve was used to filter the
debris after drying the soil. Soil background values
were 1.56 mg/kg petroleum, 6.02 mg/g total organic
carbon (TOC), 0.38 mg/g total nitrogen (TN), 0.42
mg/g total phosphorus (TP); pH was 7.82. P.aibuhitensis (1.5–2.5 g wet weight) were selected,
transferred to the laboratory and acclimated in tanks
containing filtered seawater (salinity 34, temperature
20 ± 0.5 ºC) for 10 days. A crude oil sample was collected from a well in Panjing, Liaoning. Details on
crude oil are available in the publication of Guo in
2009 [24]: density 0.9217 g/cm3, solidifying point
20ºC, water cut 0.8%, wax content 15.44%, resin
content 13.21%, asphalt content 1.68% and sulfur
content 0.51%.
>87:<9. .>8.925.6; According to the survival rate of %$##in a preliminary experiment, we set three concentrations: 500 mg/kg, 1,500
mg/kg and 3,000 mg/kg. A control group was also
set, which contained no crude oil. Due to the highly
viscosity of the oil sample, crude oil was dissolved
in hexane to enable mixing into the soil. For preparing of oil-contaminated experimental soils, a stock
of soil was prepared with 15,000 mg/kg crude oil.
Soil mixtures were spread until homogeneity and left
for 7 days in the laboratory airflow hood, and mixed
for a few days to volatilize the remaining hexane.
The contaminated soil was diluted with clean soil to
achieve the required concentrations. The experiment
was performed in 0.45 m × 0.31 m × 0.20 m boxes,
placing 10 kg of experimental soil in each box.
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ion source temperature was 230ºC. The identification of n-paraffin peaks was carried out by chromatography using a reference mixture of n-alkanes,
with known composition, at the same operating conditions.
The relative concentration of n-alkanes in 
%$## was calculated using a normalization
method with the following equations [25]:

Twenty-five individual %$## (180 individuals/m2) were put into each box, and each petroleum
concentration was tested in triplicate. During the experiment, seawater was poured at 08:00 and 17:00 h
every day to simulate the tidal rule. The seawater
seeping from the box bottom was collected and
poured back into experimental box to ensure the accuracy of the experimental concentration. The sampling was done on the 5th, tenth, fifteenth, twenty,
and twenty-fifth day. Six worms were taken from
each box at each sampling time and stored at −80ºC.

C=An/As× W
C’= (Amfn/ ∑Amfn)×C

$1.*4;.9*;2767/;7;*48.;974.<51?-97,*9
+76 :*6- 7/ 8.;974.<5 ,1.52,*4 ,7587:2;276 A
fluorescence spectrophotometry method was used to
measure the total petroleum hydrocarbons (TPH) in
%$##according to the  $" 
" $"of China (GB17378.1-2007)Prior
to analysis, calibration standards were constructed
using crude oil (100 µg/mL) with hexane as the solvent. 0, 0.1, 0.3, 0.5, 0.7 and 0.9 mL of crude oil (100
µg/mL) were diluted to 10 mL using hexane. Absorbance at 360 nm was then detected using a fluorescence spectrophotometer method. A 0.3 g sample
of the body wall was taken from the middle section
of the worm’s body to measure its dry-wet ratio. Five
milliliters of dichloromethane were added to each
tissue sample, and the sample was then extracted
four times by sonication for 10 min each time. The
supernatant was collected and poured into a silica gel
chromatographic column, adding 20 mL dichloromethane for elution. The eluent was collected and
concentrated into hexane by a rotary evaporator.
Samples were processed using a fluorescence spectrophotometer (F-2700, Hitachi) The fluorescence
scanning settings were excitation wave length 310
nm, emission wavelength 360nm, and slit setting
1nm. The relative fluorescence intensity of sample in
oil exposed group (Is) and control group (Ib) were
measured. TPH concentration in %$##tissue (W) was calculated using the following equation:

where C represents the relative concentration of
n-paraffin in %$##; An represents the total
area of each n-paraffin peak; As is the total area of
all n-paraffin peaks; W represents TPH concentration in %$##. C’ represents relative concentration of each n-paraffin in %$##; Am represents the peak area of each n-paraffin; and fm represents the weight calibration factor of each n-paraffin.
$7>2,326.;2,:*6-+27*,,<5<4*;2767/;7;*4
8.;974.<5 1?-97,*9+76: A one-compartment
toxic kinetic model was used for estimating the uptake rate constant (K1) and elimination rate constant
(K2) of TPH in %$##using an iterative least
squares approach [26]. We assumed the soil TPH
(CW) was constant after the equilibrium period, so
the following equation was used:
CA=C0+CW·K1/K2·(1-e-k2t)
where CA represents TPH concentration in 
%$## at the time t (mg/kg); C0 represents the initial TPH concentration in %$## (mg/kg),
and t represents time (d).
Bioconcentration factors (BCF) were estimated
from toxic kinetic parameters using the following
equation [27]:
BCF=K1/K2

W = (·)/(· )
where  represents TPH concentration obtained from standard a curve based on the value (IsIb);  represents the volume of dichloromethane
(mL);  represents the dry-wet ratio of sample; 
represents the weight of sample (g).
The alteration of petroleum chemical composition in %$## was studied by Agilent (7890,
USA) gas chromatography, using a 5977 mass spectrometer in ion monitoring mode with a HP-5MS capillary column (30 m×0.25 mm×0.25 μm). Samples
were injected in splitless mode. The operating conditions were as follows: initial oven temperature
50ºC, held for 3 min, temperature augmented to
300ºC at 6 ºC/min, held for 10min; carrier gas was
helium; 0.5 mL/min constant flow; Injector temperature was 290ºC; ion-trap temperature was 280 ºC;

"#%$##%## 
1*60. 7/ $! ,76,.6;9*;276 26  
<6-.9724.>87:<9.$1. change of TPH
concentration in %$##after crude oil exposure is shown in Figure 1. Generally, TPH concentrationin %$##in all treatment groups augmented and then declined, reaching a maximum
value on the tenth day, the maximum values were
96.3 ± 8.5 mg/kg, 180.6 ± 10.1 mg/kg and 318 ± 14.8
mg/kg for the 500 mg/kg, 1,500 mg/kg, and 3,000
mg/kg crude oil experimental groups, respectively.
From the first to tenth day, TPH concentration in
%$##in all groups increased and this increasing trend was dose-dependent. From the tenth
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tive concentration of C15–C35 in %$## declined. The relative concentration of C15–C27 ranged
from 0.08 to 2.13 mg/kg in the 500 mg/kg concentration group, 0.1 to 3.16 mg/kg in the 1,500 mg/kg
concentration group, and 0.09 to 2.92 mg/kg in the
3,000 mg/kg concentration group. However, the relative concentration of C28–C35 ranged from 0.67 to
2.42 mg/kg in the 500 mg/kg concentration group,
1.77 to 3.88 mg/kg in the 1,500 mg/kg concentration
group and 0.64 to 2.29 mg/kg in the 3,000 mg/kg
concentration group. The decreasing trend of C28–
C35 was more evident than C15–C27 in all concentration groups, and the percentage of C15–C27in 
%$## increased compared to that observed in
the first 10 days.
Nine kinds of PAHs were detected in 
%$##, including naphthaline, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, benzo(α)
anthracene, chrysene, and benzo(α)pyrene. In all the
experimental groups %$## accumulated 4rings PAHs (50%–60% of the total PAHs) with low
proportion of 2 and 3 rings PAHs (10%–30% of the
total PAHs). The variation of PAH proportion for
%$##at different exposure times is shown
in Figure 3. In the first 5 days, the proportion of 2–
4-rings PAHs accounted for 97.13% of the total,
while 5-rings PAHs were only 2.87%. From the 5th
to tenth day the proportion of 2-rings PAHs declined
significantly with little change of 3–4 rings PAHs,
which indicated that 2-rings PAHs were mostly degraded in %$##at the initial stage. From the
tenth to twentieth day the proportion of 3-rings
PAHs decreased and 4-rings PAHs became predominant with the (approximately 55%of the total). The
proportion of 4–5 rings PAHs rarely changed during
the whole experiment.

to the twenty day, TPH concentration in 
%$## decreased The decreasing trend of TPH
concentration in the 1,500 mg/kg and 3,000 mg/kg
groups was more evident than that in the 500 mg/kg
crude oil experimental group. On the twenty-fifth
day, the TPH concentration in 500 mg/kg, 1,500
mg/kg and 3,000 mg/kg crude oil experimental
groups declined nearly to the level in the control
group.
1*60. 7/ 8.;974.<5,1.52,*4,7587:2;276
26 The alteration of n-alkanes in the
tissue in %$##under crude oil exposure is
shown in Figure 2. N-paraffin ranging from C15 to
C35 was measured. The relative concentration of
C15–C35 in %$##increased during the first
10 days. The relative concentration of C15–C27
ranged from 0.12 to 2.71 mg/kg in the 500 mg/kg
concentration group, 0.22 to 6.35 mg/kg in the 1,500
mg/kg concentration group and 0.48 to 12.77 mg/kg
in the 3,000 mg/kg concentration group. However,
the relative concentration of C28–C35 ranged from
1.16 to 5.64 mg/kg in the 500 mg/kg concentration
group, 2.01 to 17.47 mg/kg in the 1,500 mg/kg concentration group and 2.92 to 34.87 mg/kg in the
3,000 mg/kg concentration group. The percentage of
C28–C35 was higher than that of C15–C27 in 
%$##in all concentration groups during the first
10 days. The relative concentration of C35 increased
during tenth to the fifteenth days in the 500 mg/kg
concentration group. However, the relative concentration of C34 increased in 1,500 mg/kg and
3,000mg/kgcrude oil experimental groups during the
fifth to the tenth day.
From the tenth to the twenty-fifth day, the rela-

%" 
$1.,76;.6;7/8.;974.<51?-97,*9+76:26 26-2//.9.6;,76,.6;9*;276097<8:
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;1.,1*60.7/6*43*6.:,76;.6;:26 *;-2//.9.6;,76,.6;9*;276097<8:
A represents control group, B represents 500 mg/kg group, C represents 1500 mg/kg group, D represents 3000 mg/kg group
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$1.,1*60.7/8.9,.6;7/;7;*4!:26 *;-2//.9.6;,76,.6;9*;276097<8:
A represents control group, B represents 500 mg/kg group, C represents 1500 mg/kg group, D represents 3000 mg/kg group



%" 
27,76,.6;9*;276,<9=.:7/8.;974.<51?-97,*9+76:26 *;-2//.9.6;;9.*;5.6;097<8:
A represents 500 mg/kg group, B represents 1500 mg/kg group, C represents 3000 mg/kg group



$7>2,326.;2,:7/ <6-.9,9<-.
724 .>87:<9. The toxic kinetics model of 
%$##is shown in Figure 4. The uptake parameter (K1) in 500 mg/kg, 1,500 mg/kg and 3,000 mg/kg
concentration groups was 0.02704, 0.01595, and
0.0185, respectively. The emission varied from

0.01595 to 0.02704; the elimination parameters (K2)
in 500 mg/kg, 1,500 mg/kg and 3,000 mg/kg concentration groups were 0.06178, 0.06967, and 0.1172,
respectively. The BCFs were 0.437, 0.228, and 0.158
for each group.
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,,<5<4*;276 ,1*9*,;.92:;2,: 7/ 8.;974.<5
1?-97,*9+76: 26   This research
used chronic toxicity tests to evaluate the accumulation of petroleum hydrocarbons in %$##. In
this study, TPH concentration in %$##increased during the first 10 days and reached peak at
the tenth day in each treatment group. This is consistent with a previous study using  %$##
Zhang et al. [28] showed that during the first 6 days
TPH concentration increased with concentration and
exposure time in %$##After the tenth day
the TPH concentration decreased and almost reached
to the level of the control group on the twentieth day.
Life within sediment facilitates %$## continuous contact with sediment-associated contaminants. Jørgensen et al (2008) reported that marine
polychaetes could transform hydrophobic PAHs to
hydrosoluble metabolites through detoxifying enzymes, so that toxicity of PAHs to organisms was
reduced, which indicates that the organism could accumulate organic pollutants. Based on Jørgensen’s
studies [29], we speculate that the observed reduction of TPH concentration in %$##after 10
days represents the physiological adjustment of 
%$## for survival, through increasing the metabolic rate of detoxifying enzymes, so that petroleum
hydrocarbons were transformed to hydrosoluble metabolites and excreted. This assumption is consistent
with our results on changes in petroleum chemical
composition in the tissue of %$##.
Our results indicated that the accumulation of
petroleum hydrocarbons in %$## can reach
318 mg/kg, which is far beyond what mollusks (e.g.
'#""") can accumulate. This observation
corroborates that %$## has a high capacity
to accumulate petroleum hydrocarbons. Meador et al.
[30] reported that BCF could reflect the bioconcentration ability of the organism. It was stated that BCF
is generally higher at low pollutant concentrations.
The change of BCFs at different crude oil concentrations in this study was consistent with this idea. The
increasing concentration of petroleum hydrocarbons
in soil could increase the toxicity of petroleum hydrocarbons to organisms, so the pollutant accumulation capacity of %$## decreased. Although
the maximum TPH concentration (318 mg/kg) is
higher than that of mollusks, the BCF of  
%$## in our present study is quite lower that of
'$%#%#, "$'#&%#, or %$ #
 "% [31, 32]. It was indicated that the
functional feeding processes may play an important
role in how dispersant influence accumulation of petroleum hydrocarbons in fiddler crabs, and the uptake rate for fiddler crabs exposed to non-dispersed
oil was higher than in crabs exposed to disperse oil.
 %$## also acquire energetic resources by
consuming detritus on sediment, and if oil becomes
associated with detritus, direct ingestion of undispersed oil may lead to residues in the gut. In order to

eliminate the effect of food, no food was given during this toxicity test, so petroleum hydrocarbons are
speculated to be absorbed through body wall of 
%$## $%# accounting for the small uptake
coefficient (K1) and low BCF in this study. Besides,
the accumulation of petroleum hydrocarbons is affected by multiple factors, including food availability, the physiological state of the organism, fat content in tissues, so the accumulation parameters may
vary between species. Moreover, it has been reported
that the uptake clearance coefficient was greater for
fish exposed to dispersed oil than non-dispersed oil.
In this study non-dispersed oil was used, so different
droplet sizes may influence the accumulation of petroleum hydrocarbons.
1*60. 7/ 8.;974.<5 ,1.52,*4 ,7587:2
;2762626  Crude oil is a complex hydrocarbon mixture composed of different n-alkanes
ranging from C5 to C40. N-alkanes ranging from C19
to C35 were mainly observed in %$##in our
study. These results were similar to findings in oysters. The n-alkanes compounds up to C14 were either
lost, or existed as minor peaks due to natural weathering process, mainly vaporization and dissolution
[33]. The proportion of C28–C35 was higher than C15–
C27 during the first 10 days in %$##in all
treatment groups, indicating that the accumulation in
%$##mainly involved long chain n-alkanes.
Guo et al. [34] showed that long chain n-alkanes are
hardly degraded by microorganisms, because the existence of side chains enhances resistance to degradation.
While the PAH component of crude oil is often
the focus of toxicity studies, the proportion of PAHs
in %$##after crude oil exposure was analyzed in our study. The most abundant PAHs in 
%$## were 2–4-rings PAHs, accounting for
97.13% of the total, while 5-rings PAHs were only
2.87%. The low proportion of 5-rings PAHs in 
%$##maybe relate to their spatial conformation.
Wei et al[35] found that PAHs with over four rings
are unlikely to be degraded due to spatial conformation, so these PAHs are difficult to absorb by organisms and mainly accumulate in the soil. During
the whole experiment the proportion of 2-rings
PAHs decreased significantly, while the proportion
of 4-5 rings PAHs barely changed. It is showed that
the accumulation and degradation rate of PAH 
%$##varied according to size and ring number.
PAHs with higher ring numbers can accumulate in
organisms because they are hardly biodegraded.
During the whole experiment, after crude oil
exposure %$##movement was low, so we
presume that crude oil may cause narcosis. Narcosis
is commonly associated with a general depression of
biological activity, which may influence behavior of
polychaetes [36]. Therefore, quantitative assessment
of behaviors and biomarkers of exposure (e.g., cyto-
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chrome P450 and EROD activity) would yield additional knowledge into the bioavailability and toxic
kinetics of crude oil.


 %# 
In conclusion, the TPH concentration in 
%$##first increased and then decreased, as exposure time passed. TPH concentration in  
%$## increased as the exposure concentration
increased. N-alkanes ranging from C10 to C35 and 2–
4 rings PAHs were dominant in %$##. The
change of relative concentration of n-alkanes in each
treatment group was similar to the change of TPH
concentration. The proportion of 2-rings and 3-rings
PAHs in %$##decreased, but 4-rings and
5-rings PAHs barely changed.
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Biodiesel is alternative renewable diesel engine
fuels and their blend with diesel fuel No. 2 at different proportions can be used in diesel engines. The
most important issues are to investigate input variables (factors) which affect the yield of biodiesel and
their interactions on emissions of a diesel engine. In
this study it was optimized process output or responses (engine power, brake specific fuel consumption BSFC), carbon monoxide (CO), hydrocarbon
(HC) and nitrogen oxide (NOx) a diesel engine which
operates with acorn kernel oil biodiesel-diesel
blends of 0%, 10%, 20% and 50% called as B0 (No.
2 diesel fuel), B10, B20 and B50 respectively and
four engine speed, 1000, 1400, 1800 and 2200 rpm,
were compared during full load tests. Optimal engine
power and BSFC biodiesel blends on exhaust emissions were determined using grey- based Taguchi
method. The set of experiments were conducted using the design of experiments suggested by Taguchi
Grey relational analysis was applied to the experimental data to convert the multi response problem
into the single response problem. ANOVA was applied and both of biodiesel-diesel blends and engine
speed were found as influencing factors. The optimal
combination of biodiesel-diesel blends and engine
speed was determined to be 50% and 2200 rpm respectively. Grey based Taguchi method revealed that
choosing right blends rate is important factors in
view of minimization of pollutant emissions and increase engine power, decreasing HC and CO.

Diesel engines are mainly used in a lot of fields, including transportation, electric production and agricultural activities. Rudolf Diesel, the inventor of the
diesel engine, ran an engine on groundnut oil at the
Paris Exposition of 1900. Since then, vegetable oils
have been used as fuels when petroleum supplies
were expensive or difficult to obtain [1, 2].
Biodiesel is an attractive fuel for diesel engines
that it can be made from any vegetable oil (edible or
nonedible oils), used cooking oils, animal fats as
well as microalgae oils. It is a clean energy, renewable, nontoxic, no aromatics and sustainable alternative to petroleum based fuels, and it is able to reduce
toxic emissions when is burned in a diesel engine
and is less pollutant to water and soil and does not
contain sulphur [3, 4]. The advantages of biodiesel
as a diesel fuel are its portability, ready availability,
renewable energy resource, higher combustion efficiency, higher lubricity, higher cetane number, and
its potential for reducing petroleum dependency. Its
biodegradability makes biodiesel ideal for use in
special are such as nature reserve, water reserve, and
also in urban communities [5-7]
Biodiesel can be made from any oil or lipid
source. Since biodiesel is produced in different
scaled plants from vegetable oils differed in origin
and quality, it was necessary to install a standardization of fuel quality to guarantee engine performance
without any difficulties. In order to decrease greenhouse gas emissions from industrial combustions
and transports, biodiesel demand is constantly increasing, but oil crops are not able to satisfy it because of their high cost of performance. This high
cost is due to the competition of biofuels with the
food industry. Hence, the recent focus is to find oil
bearing plants that produce non-edible oils as the
feedstock for biodiesel production. In this study
acorn kernel oil (Quercus frainetto L.) is preferred as
new sources of oil for biodiesel production. The fact
is that acorn kernel oil (AKO) cannot be used for nutritional purposes; its use as energy or fuel source is
very attractive as biodiesel.
Oaks are primarily temperate region trees and
shrubs numbering approximately 600 species worldwide. Oaks have figured prominently in

)(!#$
Grey-basedTaguchi method, acorn kernel, biodiesel, engine performance, exhaust emissions.

 %#!&%! 

Diesel engines have high efficiency, durability,
and reliability together with their low-operating cost.
These important features make them the most preferred engines especially for heavy-duty vehicles.
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injection, compression ignition engine fuelled with
20% blend neat biodiesel (B20) using grey–Taguchi
method. Nigade [17] analyzed performance and
emission of CI engine using blend of Madhuca Indica biodiesel as a fuel. It was used Taguchi method
based on Grey relational analysis to determine the
best input parameters that give lower emission and
higher performance of CI engine. Rao and Rao [18]
run experiments using diesel, Mahua methyl ester
(MME) and methanol additive blends on the IDI engine. Nine response parameters like exhaust gas temperature, brake specific fuel consumption, brake
thermal efficiency and emissions like hydro carbons,
carbon monoxide, carbon dioxide, oxygen, nitrogen
oxides and smoke were optimized on the diesel engine with two input parameters like load and fuel.
They achieved experiments with Taguchi method
and applied Grey relational analysis to find out the
optimal combination of the load and fuel. Later results obtained from GreyRelational Analysis (GRA)
were validated with the Response Surface Methodology (RSM) in which a desirability approach was
used to find the optimal combination.
In this study, the optimum values of two factors
like engine speed and acorn kernel oil biodiesel - diesel blends affecting engine performance and emissions on direct injected diesel engine were determined by using grey-based Taguchi methods. In the
literature, studies are made to reduce emission and
improve engine performance with different biodiesel
blends, there are currently no study in diesel engine
with acorn kernel oil biodiesel (AKOB). The main
target of this study is achieving optimal conditions
for engine speed, BSFC, CO, HC and NOx.


%#$ %!$

+>/<3+6= Varieties of Turkey domestic oak
acorn, namely Quercus frainetto L. was used in this
study. These acorns were collected in September
2015 from oak forest of Akyazı Sakarya region, Turkey. The fruits were cleaned manually to remove all
foreign materials, damaged and immure fruits. The
acorns were dried at 120 oC temperature and then
shelled out. Internal brown husk was removed with
knife and then the kernels were crushed and ground.
Samples were placed in plastic containers and stored
deep freeze until the day of experiments. All chemicals and reagents used were of analytical grade.

construction, food sources, medications, and dyes.
Acorns require one growing season (annual) to mature. Quercus is one of the most important woody
genera with large number of species including trees
and shrubs in Turkey. These trees are tolerant to different environmental and climatic conditions and
also contribute to erosion control [8]. The acorn kernel is most often used as forestry and can be found
in its natural environment. Özcan and Bayçu [9] reported, in Turkey,  species have a natural
distribution of about 6.5 million hectare area including many subspecies, varieties, and natural hybrids.
European Turkey oak (Q. cerris) can be found in ornamental and landscape tree publications.
Although there are an increasing number of literatures to research engine performances and its
emissions when using biodiesel. Lin et al. [10] found
that the maximum and minimum differences in engine power and torque at full load between petroleum diesel and 8 kinds of vegetable oil biodiesel
fuels were only 1.49% and 0.64%, 1.39% and 1.25%
respectively, due to higher viscosity, higher brake
specific fuel consumption, higher oxygen content
and higher combustion rate of biodiesel. Utlu and
Kocak [11] found that the respective average decrease of torque and power values of waste frying oil
biodiesel was 4.3% and 4.5% due to higher viscosity
and density and lower heating value (8.8%). Ozener
et al. [12] studied the performance and emission
characteristics of diesel fuel and biodiesel produced
from soybean oil and its blends (B10, B20, B50)
were compared. The experimental results, showed
that, relative to diesel, biodiesel had a 1–4% decrease
in the torque and an approximately 2–9% increase in
the brake-specific fuel consumption due to the lower
heating value of biodiesel.
Taguchi method has been popular for parameter optimization in design of experiments. This
method is a systematic application of design and
analysis for experiments [13, 14]. It provides to
search for the optimal process response through a
limited number of experiment runs but the traditional
Taguchi method is designed to optimize a single performance characteristic. However some processes
have more than responses are required to optimize.
Traditional Taguchi method is insufficient to solve
this multi response optimization problem. Grey relational analysis based on grey system is used to overcome the disadvantages of the Taguchi method in
multiple responses studies. It is integrated the grey
relational analysis with Taguchi method to solve
multi response characteristics.
A few study that consists of Grey- based
Taguchi method was used to reduce emission and/or
improve performance of engine in the literature.
Jadhav and Tandale [15] in their study have been optimize performance of ignition engine for Mangifera
indice biodiesel using Taguchi method and grey relational analysis. Gul et al. [16] achieved optimization of various parameters of a turbocharged, direct

39.3/=/6"</:+<+>398Vegetable oils usually
contain free fatty acids, phospholipids, sterols, water
and other impurities. Because of this, the oil cannot
be used as a fuel directly in combustion engines. To
solve these problems and also to reduce the high viscosity of the oils, a chemical modification is required. This modification is possible with different
procedures: transesterification, emulsification and
pyrolysis of the oil. Transesterification is the key and
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the most important step to produce the cleaner and
environmentally safe fuel from vegetable oils.
The crude oil is extracted from the kernels with
n-hexane according to the AOAC (Association of
Official Analytical Chemists) official method
963.15. Two-stage transesterification process is used
for the production of biodiesel. In the first stage, concentrated H2SO4 is used as an acidic catalyst to convert high FFAs to esters and in the second-stage
KOH is used as an alkaline catalyst to convert triglycerides to biodiesel.

by an electronic controlled balance with the precision of ± 0.1 g. engine tests with AKOB blends of 0,
10, 20 and 50% on a mass base. Engine speed and
AKOB blends are input parameters affecting the engine performance and named as factors. Each one
has four levels as shown in Table1.
Design of experiment (DOE) is performed according to the selected orthogonal array (OA). An
orthogonal array is a major tool used in the Taguchi
design. Selection of suitable OA is dependent on the
number of factors and their levels and requires a
computation of the total degrees of freedom (dof). In
this study dof is 6 and the nearest OA is !# . Sixteen
set of experiment with two factors with their four
levels and values of responses are shown in Table 2.
These responses like engine power, brake specific
fuel consumption, hydrocarbon, carbon monoxide
and nitrogen oxide were shown as EP, BSFC, HC,
CO and NOx respectively.

%/=> 8138/ +8. 8=><?7/8>+>398 In this
study were conducted on a single-cylinder, fourstroke, natural aspirated, direct injection and water
cooled diesel engine. Figure 1 shows the experimental test set-up.
A loadcell with the precision of ± 1 N was used
for measuring brake load. Full load tests were conducted with the engine speeds of 1000, 1400, 1800,
and 2200 rpm. The fuel consumption was measured

&# 
B:/<37/8>+6>/=>=/>?:
% 
+->9<=+8.6/@/6=
Levels
Factors
Biodiesel-diesel blends (B-DB) (%)
Engine speed (ES) (rpm)

Code
A
B
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1
B0
1000

2
B10
1400

3
B20
1800

4
B50
2200
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9
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
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1
1
1
1
2
2
2
2
3
3
3
3
4
4
4
4

1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
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<:7
5(
1 5(2
::7
0
1000
4.850
245.216
18
0
1400
7.126
238.716
21
0
1800
9.134
232.604
14
0
2200
10.,625
258.416
6
10
1000
4.930
256.514
17
10
1400
7.155
255.816
19
10
1800
9.220
249.214
13
10
2200
10.730
268.891
5
20
1000
4.965
260.719
16
20
1400
7.312
261.914
18
20
1800
9.305
252.816
10
20
2200
10.748
270.442
3
50
1000
4.980
257.315
15
50
1400
7.367
252.910
16
50
1800
9.260
251.210
9
50
2200
10.760
280.315
2

!

0.45
0.38
0.29
0.20
0.40
0.30
0.24
0.18
0.38
0.27
0.20
0.14
0.34
0.22
0.17
0.12

!B
::7
1160
1250
1230
1200
1416
1290
1790
1850
1950
2600
2858
2895
2362
2264
2232
2074
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Bore/mm
Cylinder number
Stroke/mm
Stroke volume/L
Power (1500 rev min-1)/kW
Maximum speed/revmin-1
Injection pressure/bar
Injection advance/CA bTDC

$?:/<=>+<
108
1
100
0.92
14.7
2500
175
35

The measurements were repeated 10 times for
each test combination. The experimental set-up was
used for the measurement of engine power. The engine speed (rpm) was measured by electronic digital
counter. Exhaust gases such as CO, HC and NOx
were produced by diesel engine measured by exhaust
gas analyzer (MRU Delta 1600L). The technical
specification of the engine is given in Table 3.

</C,+=/. %+1?-23 />29. Taguchi
method is used to determine controlled factors affecting the response (proses output) and the optimal
set of level of factors (process parameters). Grey relational analysis is used to evaluate the multiple responses in the process operations. Grey relational
analysis based on grey system theory can be used for
solving the complicated interrelationships among the
multiple responses [19]. It is transformed multiple
responses into one grey relational grade, and then
optimized the process parameters by analyzing the
grey relational grade. 
Grey- based Taguchi method is summarized as
follows [20, 21]. After the response values are measured according to OA, loss function is used to

measure the responses deviating from the desired
value. The value of the loss function is transformed
into a signal-to-noise (S/N) ratio. There are three different S/N ratio according to categories of the responses: larger-the-better, nominal-the-best and the
smaller-the-better, and their Equations are as follows
respectively (Eq. 1-3).
(1)
S/N= - FF (" GG
S/N= - F " G
(2)
S/N= -1 F ("G
(3)
where . is ith value of y and  " is sample variance.
Experimental data according to the type of response is normalized. It is used S/N ratios of responses in calculation. If the response is aimed to
maximize, it has a ‘‘the-larger-the-better’’ characteristic and can be normalized according to Equation 4.
>
+ F/G%0.1;97
+;F/G
>
+
F/G%0.1
;97 ;
;97 +;F<G

.E (j)= 0,3 >;

(4)

If a defined target value- , exists, the response
can be normalized to the following Equation 5.
L+.F/G% +: F/GL
>
>
F/G%+
)'*H0,3;97 +;
: F/G+: F/G%0.1;97 +;F/GI

.E (j)=1
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Ester content
Carbon residue
Kinematic viscosity
Copper band corrosion
(3 hours at 50 oC)
Cold filter plug point
Iodine value
Monoglyceride content
Diglyceride content
Triglyceride content
Total glycerol
Density, 15 oC
Sulphur content
Acid value
Flash point
Heating value
Oxidation stability, 110oC
Cetane number

&83>
%(m/m)
%(m/m)
mm2/s

/>29.
EN 14103
EN ISO 10370
EN ISO 3104

!
96.5
0.19
4.5

   
min 96.5
max 0.30
3.5-5

-

EN ISO 2160

1a

1a

C
g iodine/100 g
%(m/m)
%(m/m)
%(m/m)
%(m/m)
g/cm3
mg/kg
mgKOH/g
o
C
Mj/kg
hour
-

EN 116
EN14111
EN14105
EN14105
EN14105
EN14105
EN ISO 3675
EN ISO 20846
EN 14104
ASTM D93
ASTM D 240
EN 14112
EN ISO 5165

-5
99.4
0.25
0.08
0.05
0.15
0.87
0
0.18
145
39.96
7.5
52

-15 - +5
max 120
max 0.80
max 0.20
max 0.20
max 0.25
0.86 - 0.90
max 10
max 0.50
min 120
min 35
min 6
min 51

o

3/=/6 9 

2.5 – 3.5

0.82 – 0.86
0.05
> 55
42.7
49 - 55



2
A ?K
(10)
 B ? @ .&! JC?./ D
0,3
where ?is the total mean of the grey relational
grade C?./ D
is the mean grey relational grade at
0,3
the optimal level, and p is the number of the factors
that significantly affect the responses.

If the response is aimed to minimize, its characteristic is the-smaller-the-better and it is used
Equation 6 for this.
>
0,3;97
+;F/G%+; F/G

.E (j)=0,3 >

>
;97 +;F<G80.1;97 +;F/G

(6)

.E is

the value after grey relational genwhere
eration (normalized value), max . FG and min
. FGare the largest and smallest values of for the .
ith response, respectively. Larger normalized result
equals to 1 and gives the best performance.
It is calculated grey relational coefficient to define the relationship between the ideal and the actual
experimental results. Grey relational coefficient
 . (j) is calculated using Equation 7.
 . (j)=
>
=
>
=
0.1;97
0.1<97
46;F/G$50,3;97
0,3<97
46; F/G
> 0,3 = 4 F/G
46; F/G$50,3;97
<97 6;

#$&%$ $&$$! 
+>>C -3. 97:9=3>398 +8. ?/6 "<9:/<
>3/=Vegetable oil consists of a combination of different types of saturated and unsaturated fatty acids.
Fatty acid composition analysis, acorn kernel oil was
found as composed from saturated 15.99% and unsaturated fatty acids 84.01%. Oleic acid (57.80%)
was the most abundant unsaturated fatty acid and the
highest rate among the saturated fatty acids is that of
palmitic acid (13.80%). 
The acorn kernel oil biodiesel was analyzed by
the Agilent Technologies GC equipped with 6890N
Network GC system. Fuel properties of AKOB were
determined following EN 14214 biodiesel specifications. The properties of AKOB and diesel fuel No 2
are shown in Table 4.

(7)

where   (j) is the deviation sequence of reference sequence  E  and comparability sequence (E (j).
It is calculated as follows (Equation 8).
(8)
 / FG B  E FG A .E FG
 is the distinguishing coefficient and issued to
adjust the difference of the relational coefficient. It
takes a value between 0 and 1. Grey relational grade
is calculated according to Equation 9 and shows the
relationship among the series
!
 . = 0
 . FG
(9)
1 /&!
where n is the number of response. The grey
relational grade shows how close the factor combinations to the optimal. Thus the highest grey relational grade is assigned an order of 1.
ANOVA is applied to the grade values to determine which factors were significant factor. It is determined levels of these factors based on mean. The
predicted mean grey relational grade (G using the
optimal level of factors is calculated according to
Equation 10.

/>/<738+>39890!:>37+6!:/<+>39898.3
>398= ,C </C ,+=/. %+1?-23 />29. Engine
power is larger-the-better whereas BSFC, HC, CO
and NOx is smaller- the- better quality characteristics have been used for calculating the S/N ratio for
these responses using Equation 1 and 2 respectively.
Table 5 shows S/N ratio for the responses.
In the first step of the grey relational analysis
S/N ratio values were normalized with Equation 4
and 6 (Table 6).
Every experiment’s grey relational coefficient
were determined with using Eq.7 and 8 (Table 7). In
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B:89
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

B89
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

%
$318+6>9893=/<+>3909<>2/</=:98=/=
$

-47.7910
-25.1055
-47.5576
-26.4444
-47.3323
-22.9226
-48.2464
-15.5630
-48.1822
-24.6090
-48.1586
-25.5751
-47.9314
-22.2789
-48.5915
-13.9794
-48.3235
-24.0824
-48.3632
-25.1055
-48.0561
-20.0000
-48.6415
-9.5424
-48.2093
-23.5218
-48.0593
-24.0824
-48.0007
-19.0849
-48.9529
-6.0206

"
13.7148
17.0569
19.2132
20.5266
13.8569
17.0922
19.2946
20.6120
13.9184
17.2807
19.3743
20.6266
13.9446
17.3458
19.3322
20.6362

"
0
0.482865
0.794406
0.984165
0.020531
0.487965
0.806166
0.996504
0.029416
0.515199
0.817681
0.998613
0.033201
0.524605
0.811599
1

!
6.9357
8.4043
10.7520
13.9794
7.9588
10.4576
12.3958
14.8945
8.4043
11.3727
13.9794
17.0774
9.3704
13.1515
15.3910
18.4164

!B
-61.2892
-61.9382
-61.7981
-61.5836
-63.0213
-62.2118
-65.0571
-65.3434
-65.8007
-68.2995
-69.1212
-69.2330
-67.4656
-67.0975
-66.9739
-66.3362

%
</C</6+>398+61/8/<+>39890/+-2</=:98=/=
$

!
0.283043
0.934444
1
0.139023
1
0.872082
0
0.827564
0.667589
0.564050
0.467220
0.386475
0.524435
0.910134
0.910889
0.509873
0.957437
0.693238
0.369678
0.796047
0.524414
0.776996
0.389683
0.306762
0.611625
0.884351
0.872082
0.636122
0.934444
0.613525
0.446625
0.684466
0.386475
0.807849
0.172436
0.116626
0.541158
0.856902
0.787932
0.448599
0.884351
0.458584
0.412440
0.639661
0.263518
1
0
0

!B
0
0.081699
0.064063
0.037060
0.218044
0.116141
0.474320
0.510360
0.567927
0.882487
0.985926
1
0.777512
0.731174
0.715615
0.635338

%
</C</6+>398+6-9/003-3/8>+8.1<+./09<>2/</=:98=/=
</C</6+>398+6-9/003-3/8>
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

0.333333
0.491577
0.708623
0.969302
0.337959
0.494054
0.720633
0.993057
0.340001
0.507717
0.732795
0.897234
0.340878
0.512613
0.726321
1

0.410861
0.367383
0.333333
0.534217
0.512524
0.504986
0.442352
0.691559
0.562825
0.578785
0.474665
0.722386
0.521462
0.475556
0.459745
1

0.884086
1
0.743565
0.484130
0.847650
0.921552
0.710275
0.450322
0.812151
0.884086
0.613095
0.376630
0.777486
0.812151
0.581166
0.333333

1
0.796282
0.600665
0.449024
0.848736
0.619761
0.512512
0.419028
0.796282
0.564032
0.449024
0.361435
0.702180
0.480116
0.404373
0.333333
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0.333333
0.352534
0.348205
0.341778
0.390029
0.361308
0.487481
0.505234
0.536439
0.809700
0.972623
1
0.692053
0.650342
0.637442
0.698261
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0.592323
0.601555
0.546878
0.585690
0.587380
0.580332
0.574651
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0.609540
0.668864
0.648440
0.671537
0.606812
0.586156
0.561809
0.672985
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this study  was taken as 0.5. Using Equation 9, the
grey relational grade was calculated and is shown in
column 7 of Table 7.
As seen in last column in Table 7, the highest
grade (optimum) was obtained from Experiment 16.
The value gives desired values of the engine response finalizing the set of factors. Optimum combination of factors was found to be A4B4 i.e. biodieseldiesel blend B50 and engine speed 2200.
To statistically determine effective factors,
analysis of variance (ANOVA) was applied on grey
rational grade. The results of ANOVA using Minitab
15 can be seen in Table 8. According to significance
level (α) of 0.05, both of two factors were found to
be effective.
It was drawn graphics of factors levels according to grey relational grade (Figure 2).
Thus, the same combination, A4B4 was obtained. The values in the table are the real values,
which were calculated using the experimental data.
The predicted mean value of the grey relational
grade using Equation 10 was calculated to be
0,635779.

the emission values are examined, there is a decrease
in HC (2 ppm) and CO (0.12%) emissions and an increase in NOx (2074 ppm) emission depending on
the high combustion efficiency (Figure 3).


! &$! 
In current study, grey-based Taguchi method
was used for the optimization of two input parameters of a diesel engine such as biodiesel-diesel blends
and engine speed to get the maximum possible values of engine power, but minimum possible value of
BSFC, CO, HC and NOx. Acorn kernel oil biodiesel
blends and engine speed were found to be effective
factor on engine power, BSFC, CO, HC and NOx in
according to grey relational grade based on
ANOVA. Both the acorn kernel oil biodiesel blends
and engine speed are at level 4, B50 and 2200 rpm.
It was compared the results obtained with the
optimal combination to the diesel fuel operating conditions, it was determined an improvement of 1.27%
in engine power, 66.67% in HC emission and 40%
in CO emission. These results show that acorn kernel
oil biodiesel is an environmentally friendly fuel and
will be an appropriate choice for reducing air pollution of urban.

8+6C=3= 90 8138/ "/<09<7+8-/ +8.73=
=398=When the optimal combination (A4B4) is used
the engine power and BSFC increased to 10.76 rpm
and 280.315 g/kWh respectively, depending on the
higher oxygen content of the biodiesel fuel. When

$9?<-/

B-DB
3
ES
3
Error
9
Total
15
S = 0.0190447 R-Sq = 88.59%

%
#/=?6>=90 !'
.4$$
0.0200290
0.0053219
0.0032643

$/;$$
0.0200290
0.0053219
0.0032643
0.0286153
R-Sq(adj) = 80.99%

Biodiesel-diesel blends (%)



.4$
0.0066763
0.0017740
0.0003627


18.41
4.89

Engine speed (rpm)
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biggest reasons for the reduction of biodiversity in
agricultural areas is even unconsciously used pesticides. The application of the pesticides used without
being asked to the professional persons (like entomologist and/or the person who working at plant protection department) is a great distress for not only
environment but also even for horticulture workers
[4]. The damage to the environment caused by the
pesticides applied, the effects are still ongoing, for
decades cannot be discussed [5, 6].
There are numerous studies about comparison
of not only insect but also other invertebrates such as
spiders, mites, mollusc, etc biological diversity, indicator species and investigating the causes of
change their present/absent situation and their population dynamics [7-12].
Unlike conventional agriculture, organic farming is a form of agriculture that does not use synthetic materials and relies on sustainable techniques
to enhance the natural fertility of a farm, including
crop rotation, companion planting, biological pest
control, and naturally-sourced fertilizers is friendly
to the environment [13].
Carabid species are susceptible to habitat degradation, and other environmental factors [14-15].
Therefore carabid species can be used as indicator
for habitat degradation and human activities [16].
The purpose of present study is to investigate
whether pesticide applications are affecting the species richness and diversity of carabid beetles.

ABSTRACT
The study was carried out to compare the biodiversity parameters of the ground beetle species in
apple orchards managed by conventional and organic farming between 2016 and 2017. Four apple
orchards were selected to achieve mentioned aim
and 10 pitfall traps were placed in each of the gardens to sample Carabid species.
Species richness in gardens managed by organic methods and not pesticides applied was found
to be higher than the gardens which were managed
with conventional methods and thus applied pesticides. Moreover both the Shannon-Wiener and
Simpson diversity indexes were calculated higher in
organic apple orchards and found with similar results
as species richness for both study years. As expect,
dominancy inversely proportional to diversity was
measured lower at the gardens managed by organic
farming. Population density due to individual of the
species, Shannon Evenness, showed mostly unevenly distributed on the graphs at apple orchards
managed by conventional methods. The Sörenson
Coefficient results, measured monthly between May
and August for both years, 2016 and 2017, were defined that the similarities proportion decreased between two different types of the apple orchards
(managed by organic, OAF, and conventional, CAF)
as long as increasing of pesticide applications. According to the result of the study; as applications of
the pesticides increased the richness and diversity of
the insect species which present in these kind of
agro-ecosystems decreased.

MATERIALS AND METHODS
This study was conducted in Isparta province
(Turkey) between 2016 and 2017. To compare biological diversity of ground beetles, four apple orchards were chosen. Two of them were managed by
organic farming (OAF1 and OAF2; without chemical application) and the others were managed by conventional farming (CAF1 and CAF2; with pesticide
application). Pitfall traps (15 cm in diameter, 20 cm
in depth) were used for sampling Carabidae family
members. The distances between pitfall traps were
approximately 20 m at each sampling site and thus,
a total of ten traps were placed at the margin and in

KEYWORDS:
Carabidae, Shannon-Wiener, Simpson, Sörenson, Evenness, pesticide application, organic farming.

INTRODUCTION
Biological diversity, therefore species richness
is decreasing with each passing day [1, 2, 3]. Many
factors play a role in the reduction of biological diversity. Although some of these factors are ecological, the vast majority are of human origin. One of the
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RESULTS

the centre of each of the four gardens (which makes
the total of 40 traps). The sampling was checked
weekly between May and August, which is the time
of pesticide application.
EvenDiv and MVSP programs were used for
calculation of biological diversity indexes (including
diversity, dominancy, and evenness), and similarity
[17]. Measurement information was given below:
Shannon-Wiener and Simpson diversity indices were used to determine species diversity
- Shannon-Wiener diversity Index +¶

Hc

The first month of the study, species richness
and diversity were found similar in both agro-ecosystems OAF1+OAF2 and CAF1+CAF2 however
these rates conversely changed towards to end of the
study, and species richness and diversity were calculated higher and increased in the following months
in the both OAF1 and OAF2 than conventional ones
(CAF1 and CAF2) where mentioned rates were decreased.
Species richness was found 8 for both organic
and conventional apple orchards in the beginning of
the study, May, 2016. Following months, species
richness increased in OAF1 and OAF 2 (11, 13, and
20, respectively) while the CAF1 and CAF2 were
decreased for the remaining months (6, 5, and 3, respectively), June, July and August, 2016. Similar results were found for the species richness in the second year of the study. Average of the species richness of OAF1 and OAF2 were found 11, 13, 16, and
18 and CAF1 and CAF 2 while CAF1 and CAF2
were found 9, 7, 4, and 4 on May, June, July, and
August, respectively (Table 1).
As well as species richness, similar results were
obtained in diversity for both Shannon-Wiener and
Simpson diversity. Shannon-Wiener Diversity results of OAF (the data were obtained by the average
of OAF1 and OAF2) were found to be higher than
the previous month in OAF (1.8486, 2.2696; 2.3839,
and 2.8264) while the diversity results decreased as
the months passed in CAF (1.8586, 1.6631, 1.5498,
and 0.9557). Simpson Diversity results were calculated similar like Shannon-Wiener Diversity results
in both OAF and CAF (Table 1).
Similar results were found in second year of the
study. It was seen that both Shannon-Wiener and
Simpson diversity results were increased over time
at OAF while mentioned index results were decreased in every months at CAF (Table 1).
Result of the Simpson dominancy index was
shown contrary results than diversity index for both
study years.
Shannon-Evenness result of OAF were appeared to be suddenly increased and then remained
almost constant for 2016, and 2017. The value of
Shannon-Evenness of CAF were calculated the highest in June and July, 2016 (0.9282 and 0.9629, respectively) however similar results were not found
second year of the study, in 2017 (Table 1).
Figure 1 showed dissimilarity results of carabid
assemblages at OAF and CAF both study years
2016, and 2017. Dissimilarity ratios were found
higher according to result found a month ago.
Similarity results of the first year of the study
were found 0.875, 0.706, 0.556, and 0.261 on May,
June, July, and August, respectively. The second
year of the study results were calculated similar;
0.816, 0.504, 0.411, and 0.320 on May, June, July,
and August, respectively.

¦ pi ln( pi )

where,
pi: is the proportion of individuals in the ith
species
ln: is the natural log.
- Simpson diversity Index (S)

S

1  ¦ ni (ni  1) / N ( N  1)

where,
i: is number of species
ni: Number of individuals of per species
N: Sum of individual numbers of species
Simpson dominance index was used to determine dominance.
- Simpson dominance (Sd)

Sd

¦ n (n
i

i

1) / N ( N  1)

Shannon Evenness index was used to determine
population density relations of the species.
- Shannon Evenness (EH)

EH

H ' / ln( N ))

Sörensen index was used in determining similarity.
-Sörensen (Bs)

Bs
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2C / A  B

where,
A: Number of species in habitat A
B: Number of species in habitat B
C: Number of common species from habitats A
and B [1, 18-20]
The Multi Variate Statistical Package (MVSP)
3.11c program was used to classify the selected habitats [21].
,Q WKH HYDOXDWLRQ RI WKH REWDLQHG GDWD ³8Q
weighted Pair Group Method with Arithmatic
Mean´ UPGMA) was chosen as the classification
method. The distance between similarities is shown
by the Sörensen coefficient.
The dates of all pesticide applications were recorded (Appendix 1)
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TABLE 1
Comparison of Carabid species richness, abundance, diversity, dominancy, and evenness between OAF
and CAF in both study years.

2017

2016

May
June
July
August
OAF**
CAF
OAF
CAF
OAF
CAF
OAF
CAF
Spec. Richness*
8
8
11
6
13
5
20
3
Sum of Ind.
26
29
32
16
38
7
42
7
+¶
1,8486
1,8586
2,2696
1,6631
2,3839
1,5498
2,8264
0,9557
S
0,8195
0,8205
0,8867
0,7891
0,8961
0,7755
0,9308
0,5714
Sd
0,1805
0,1795
0,1133
0,2109
0,1039
0,2245
0,0692
0,4286
EH
0,889
0,8938
0,9465
0,9282
0,9294
0,9629
0,9435
0,8699
Spec. richness
11
9
13
7
16
4
18
4
Sum of Ind.
30
25
35
19
41
8
39
9
+¶
2,2489
2,0013
2,5203
1,8821
2,6758
1,3209
2,7859
1,3689
S
0,88
0,8416
0,9159
0,8366
0,9256
0,7187
0,9323
0,7407
Sd
0,12
0,1584
0,0841
0,1634
0,0744
0,2813
0,0677
0,2593
EH
0,9379
0,9108
0,9826
0,9672
0,9651
0,9528
0,9639
0,9875
* 6SHF5LFKQHVV6SHFLHVULFKQHVV6XPRI,QG6XPRI,QGLYLGXDOV+¶Shannon-Wiener diversity Index; S: Simpson diversity index; Sd: Simpson dominance index; EH: Shannon Evenness.
** The data were obtained by the average of related apple orchards OAF1, OAF2 and CAF1 and CAF2.

FIGURE 1
Dendrogram based on a cluster analysis using the Sörenson Coefficient of the carabid assemblages with
the pooled data of OAF and CAF between 2016 and 2017.
non-Wiener and Simpson Diversity have been increased in OAF1 and OAF2 while CAF1 and CAF2
decreased on June. Insecticide applied on 8, 15, 22,
and 29 June, 2016 and 5, 12, 19, and 25 June 2017
to CAF1 and CAF2 (see appx. for details). It could
be considered that pesticide applications adversely
affect carabidae species richness and diversity. On
July, results of diversity on CAF and OAF showed
similar results as June. Insecticide applied on 6, 13,
20, and 27 July, 2016 and 4, 11, 18, and 26 July 2017
to CAF1 and CAF2 (see appx. for details). It can be

DISCUSSION
The measurement of bio-diversity parameters
has been found nearly equal in both gardens on May.
The first insecticide application was 25 May 2016
and 20 May 2017 to CAF1 and CAF2 (see appx. for
details). We thought that the chemicals do not harm
to the carabid assemblages yet at CAF1 and CAF2.
Biological diversity indices showed that both Shan-
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natural olive groves. Furthermore, a significant reduction in body size of females from long-term
treated olive grove and a sexual dimorphism alteration were observed. As a result of mentioned study,
data suggested that some active ingredient of pesticide (dimethoate) might cause sub-lethal effects on
P. m. italicus (one of the non-target organism).
Mulligan et al., [27] compared the effect of insecticide, Cypermethrin, and use of a transgenic
pest-resistant crop (Brassica napus L. - Oilseed
rape) on the beneficial carabid beetle Pterostichus
melanarius (Coleoptera: Carabidae) feeding the pest
mollusc Deroceras reticulatum (Müller). The result
of the mentioned study showed no detectable alterations in measured life history parameters such as;
mortality, weight gain or food consumption for both
predatory carabid and pest previously fed pesticidecontaminated and/or plant material. It does not seem
to have reached the same conclusion when we compare the results of the mentioned study done by Mulligan et al (2006) and our study however we have not
tested the effect of the pesticide on Carabidae species
severally. Mulligan et al [27] also declared that D.
reticulatum was able to respond to the presence of
the dietary inhibitor by producing two novel proteases following exposure to oryzacystatin-1-expressing oilseed rape selected as the conventional treatment.
âODFKWDDQG9RNRXQ[28] studied on impact of
an insecticide, pyrethroid, application on the nontarget organism, ground beetles, on one of the agroecosystem. As our study they measured species composition, dominance structure, the abundance and
the diversity of ground beetles (In total, 128 specimens of 19 species of ground beetles, and most dominant was found Poecilus cupreus). âODFKWD DQG
Vokoun [28] declared that no effect of the insecticide
treatment on the carabid assemblages was observed
if insecticide application on well grown rape plants,
which may have protected the soil surface from a
contact with the insecticide, could be accounted for
the leaving the ground beetles community intact. We
DJUHHZLWKâODFKWDDQG9RNRXQ[28] for well covered
surface plant may be prevent pesticide contamination hence protected the soil surface and provides exSRVXUH WR FDUDELG VSHFLHV +RZHYHU âODFKWD DQG
Vokoun [28] declared that the Shannon diversity index was calculated as 1.5, and 1.6 before and after
the insecticide application, respectively. CommenWDU\RIâODFKWDDQG9RNRXQ [28] ZDV³QRHIIHFWRI
the insecticide treatment on the community characteristics was obVHUYHG´We do not agree with their
comment of the Shannon diversity. Diversity can be
affected by several reasons, especially in time. It
should have been available a control plot for comparison diversity index with the place where there
was pesticide application and without pesticide application. We could comment on the biological diversity results between pesticide and non-pesticide

clearly seen that carabid species richness and diversity were highly influenced by these practices at
CAF1 and CAF2. Biological diversity indices
showed that both Shannon-Wiener and Simpson Diversity have been substantially increased in organic
apple orchard while conventional one substantially
decreased on August. However Shannon-Evenness
of CAF were found surprisingly higher than OAF.
Insecticide applied on 3, 10, 17, 24 and 31 August,
2016 and 3, 8, 16, 20, and 28 August 2017 to CAF1
and CAF2 (see appx. for details). Result of Carabidae diversity were found almost similar with the
result of July. The results of diversity indices on September, 2016 and 2017 were found nearly similar
with August, 2016 and 2017 (The data were not evaluated).
There are numerous studies on the effects of
pesticides on not only ground beetles (Coleoptera:
Carabidae) but also most of the other insect groups,
such as Dung Beetles (Coleoptera: Scarabaediae),
Darkling Beetles (Coleoptera: Tenebrionidae),
ground-dwelling insects and so on [22-28].
The reason why ground beetles are frequently
used in such studies is because they are sensitive and
population dynamics and present/absent situation of
most carabid beetles can be easily affected by habitat
fragmentation, the other environmental and anthropogenic factors [29-31].
Species richness and diversity of Carabid beetles are negatively affected by using pesticide on
agro-ecosystems. Kosewska et al., (2016) studied effect of pesticide application on assemblages of
ground beetles in pea and lupine crops. They declared that carabid biological diversity could be protected with agro-system which managed by organic
and integrated farming.
Two types of cultivation systems (conventional, reduced and customary, integrated farming
practice) were chosen by Toor [23], and he could
find out the broad-spectrum insecticide, reduced the
number of Carabidae beetles. He also declared that
Prophylactic pesticide use decreased the abundance
of ground beetles remarkably. The other similar
work was studied by Huusela-Veistola [24]. He affirmed that species abundance of ground beetles
were not negatively affected by reduced pesticide
applications. The reason of why the carabid species
were negatively affected in our study might be because of frequently application of pesticides. Hedde
et al. [25], mentioned that management of orchards
influences both functional and taxonomic ground
beetle.
Giglio et al [26], evaluated one non-target carabid species Pterostichus melas italicus (Dejean,
1828) and were quantified by toxicity test, total haemocyte counts and morphometric analyses. According to study of Giglio et al., morphometric analyses
showed that dimethoate caused long-term sub-lethal
effects as a reduction of some morphometric parameters in P. m. italicus populations from treated and
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apple orchards in the same time since we include the
control plot of our study.
There are numerous studies about the comparison of biological diversity; a wide range of invertebrates; Isopods, mites, spiders, earthworm, include
Hexapoda; butterflies, wasps, etc, and also vertebrates [9, 12, 32, 33].

this is invalid). The population of some species can
be decreasing while the population of some species
can be increasing (If we are talking about pesticide
application as human activity this is invalid). However after eliminating the negative effects of pesticides over time, immigration from unaffected/natural areas and population density of some beneficial
organism like carabid beetles might be normalize the
species diversity.
7RILQGRXWLQGLFDWRUVSHFLHVWRFDOFXODWH³6SH
FLHV 5LFKQHVV (VWLPDWRUV´ DQG ILQG RXW KRZ many
species are living at study area, sustainable land usage (control pesticide application and the other used
synthetic material in the fields), and provide nature
protection strategies should be the next step of the
present study.

CONCLUSION
Biological diversity of ground beetle was affected negatively because of pesticide application on
agro-ecosystems. Thus pesticide application can be
cause on altering insect assemblages.
The variation in biological diversity will have
an impact on the presence or absence situation and
population density of the species. Therefore some of
the ground beetle species prefer migrate to alternative habitats if they are lucky to find one ± otherwise
they will disappear (Because of the increasing diversity result of organic apple orchard, migration to organic apple garden from conventional one might be
possible) while some of them prefer immigrate to
habitat where anthropogenic affects are (If we are
talking about pesticide application as human activity
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APPENDIX 1
The pests, date of pesticide applications, commercial name of pesticide, active substance of pesticide,
commercial name, group of pesticides (applied on CAF1 and CAF2)
Pest species name
Aphis pomi de Geer, 1773
Archips rosanus (L., 1758)
Hedya sp., Spilonota sp.,
Recurvaria sp.
Epicometis (Tropinota) hirta
(Poda 1761)
Eriosoma lanigerum
(Hausmann, 1802)
Erwinia amylovora (Burrill 1882)
Panonychus ulmi (Koch, 1836)
Podosphaera leucotricha
Salmon (1900)
Venturia inaequalis (Cooke).
G.Winter 1875
Aphis pomi de Geer, 1773
Archips rosanus (L., 1758)
Epicometis (Tropinota) hirta
(Poda 1761)
Eriosoma lanigerum
(Hausmann, 1802)
Erwinia amylovora (Burrill 1882)
Panonychus ulmi (Koch, 1836)
Podosphaera leucotricha
Salmon (1900)
Venturia inaequalis (Cooke).
G.Winter 1875

Application time
June 22, July 6, 20,
August 10, 31. 2016
June 08, 2016

Commercial name
Calypso

480 g/L thiacloprid

Insecticide

Mavrik

240 g/L tau-fluvalinate

Insecticide

June 08, 2016

Calypso

480 g/L thiacloprid

Insecticide

May 20, 2016

Mavrik

240 g/L tau-fluvalinate

Insecticide

Durspan 4

480 g/L Chlorpyrifos ethyl

Insecticide

Aliette

80 % Fosetyl-Al

Funguside

Envidor

240 g/l Spirodiclofen

Insecticide

Thiovit Jet

80 % sulphur

Funguside

May 20, 2016

Maccani

%4 Pyroclostrobin +
%12 Dithianon

Funguside

June 19, July 04, 18,
August 8, 20, 2017
May 25, 2017

Calypso

480 g/L thiacloprid

Insecticide

Mavrik

240 g/L tau-fluvalinate

Insecticide

May 25, 2017

Mavrik

240 g/L tau-fluvalinate

Insecticide

Durspan 4

480 g/L Chlorpyrifos ethyl

Insecticide

Aliette

80 % Fosetyl-Al

Funguside

Envidor

240 g/l Spirodiclofen

Insecticide

June 5, 12, 19, 2017

Thiovit Jet

80 % sulphur

Funguside

May 25, 2017

Maccani

%4 Pyroclostrobin +
%12 Dithianon

Funguside

June 8, 29, July 27,
August 31, 2016
June 15, 29, July 20,
August 17, 2016
July 13, August 3, 24, 2016
June 8, 15, 22, 2016

June 05, 25, July 26,
August 28, 2017
June 12, 25, July 18,
August 20, 2017
July 11,
August 3, 16, 2017
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[14] Li, W., Liu, N., Wu, Y., Zhang, Y., Xu, Q., Chu,
J., Wang, S. and Fang, J. (2017) Community
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Characteristics and Habitat Specificity of Carabid Beetles in a Japanese Alpine-Subalpine
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Populations. Chapman and Hall., 391p.
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Its Measurement. Princeton University Press.,
179p.
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Imprint of Addison Wesley Longman, Inc.,
620p.
[21] Kovach, W.L. (1999) A Multi variate Statistical
Package. United Kingdom: Kovach Computing
Services
[22] Kosewska, A., Nietupski, M., Nijak, K. and
Skalski, T. (2016) Effect of plant protection on
assemblages of ground beetles (Coleoptera,
Carabidae) in pea (Pisum L.) and lupine (Lupinus L.) crops. Period. Biol. 118(3), 213-222.
[23] Toor, R.F. (2006) The effects of pesticides on
Carabidae (Insecta: Coleoptera, predators of
slugs (Mollusca: Gastropoda): Literature review. N.Z. Plant. Prot. 59, 208-216.
[24] Huusela-Veistola, E. (1996) Effects of pesticide
use and cultivation techniques on ground beetles
(Col, Carabidae) in cereal fields. Ann. Zool.
Fennici. 33, 197-205.
[25] Hedde, M., Mazzia C., Thibaud, D., Johanne,
N., Benjamin, P., Jodie, T. and Yvan, C. (2015)
Orchard management influences both functional
and taxonomic ground beetle (Coleoptera, Carabidae) diversity in South-East France. Appl.
Soil Ecol. 88, 26.
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beneficial carabid beetle Pterostichus melanarius. Pest Manag. Sci. 62(10), 999-1012.
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Fe and Mn nano-oxides, colloidal humic acid, EDCs, sorption behavior, effect factors.
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The natural aquatic colloids play a crucial role
as an intermediary in environmental behavior and
ecotoxicology of endocrine disrupting chemicals
(EDCs), which result from entirely different migration pathways and bioavailability of colloid-bound
EDCs in multiple phases. This study attempted to investigate sorption ability of 17β-estradiol (E2) and
bisphenol A (BPA) onto colloidal humic acid (HA),
nano-Fe2O3 and nano-MnO2 that were major components of natural aquatic colloids. A stirred ultrafiltration system was firstly validated using colloidal
standard molecules 0.5-kDa rhodamine 6G and 3kDa dextran, with a satisfactory retention of 3-kDa
dextran and low retention of 0.5-kDa rhodamine 6G
at concentration factors ( ) higher than 4, implying
efficient enrichment of colloidal particles associated
with target pollutants. The sorption experiment was
conducted under isolated colloids (nano-HA, -Fe2O3
and -MnO2) and composite colloidal systems (nanoHA + nano-Fe2O3 and nano-HA + nano-MnO2), as
well as at different HA concentration, pH value and
ionic strength. The results showed that the sorption
of BPA onto HA slightly enhanced with increased
HA concentration, which was likely attributed to an
increased strength of π-π bonding between π electron
donors in BPA and π electron acceptor in HA. The
higher pH value improved sorption properties of
both BPA and E2 onto HA by creating more
dissociated carboxyl groups on HA at high pH values,
hence leading to more activated sites. The reduced
sorption of E2 and BPA on HA were observed at
higher concentration of Ca2+, owing to the occupation of sorption sites by Ca2+ on HA. The sorption
capacities of target pollutants onto composite
colloids were greatly enlarged by comparison to
isolated ones. These findings suggested that the main
sorption mechanisms of E2 and BPA onto HA were
hydrogen bonding and π-π bonding, while the interaction between metal nano-oxides and pollutants
was regulated by ionic exchange, cation bridge and
hydrogen bonding.
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Endocrine disrupting compounds (EDCs) have
received worldwide concern due to their properties
of widespread presence and potential ecological
risks. These compounds mainly originate from excreta of humans and livestock, the hepatic metabolism, as well as man-made products in household and
industrial processes [1]. Of these EDCs, BPA is commonly used as plasticizers in manufacturing and E2
as contraceptive and hormone drugs as well [2]. It
has been concluded that these EDCs affected the reproduction and development of human and wildlife
even at a fairly low concentration. For instance, a
strong correlation was found between abnormal miscarriage and low doses exposure of BPA, and the diethylstilbestrol caused lower sperm counts [3]. Owing to direct or indirect release of these compounds
from domestic wastewater and industrial effluents,
the concentration levels of EDCs in natural aquatic
system have been detected in the range of ng/L ~
μg/L with high detection frequency, for example, 2.2
~ 2.9 ng/L of BPA and E2 in the Yangtze Estuary water [4], 2066 ng/L of 4-nonylphenols and 756 ng/L of
BPA in Liao Riverine water [5], 46.7ng/L of BPA and
detectable level of E2 in surface water of Yellow
River [6] .
The natural aquatic colloids play a crucial role
as an intermediary in environmental behavior and
ecotoxicology of pollutants, as well as biogeochemical processes of trace elements, which is generally
associated with their unique nature e.g. large surface
area, a high concentration and dense surface binding
sites capable of strong interactions with trace pollutants [7]. Those colloidal materials are complex mixture of particles with one dimension in the size range
from 1 nm to 1 μm [8] and have different chemical
compositions including inorganic colloids e.g. Fe, Al,
Mn oxides and organic materials e.g. humic substances as well as viruses and bacteria. Several studies
have demonstrated that colloidal particles and the
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component of those materials in aquatic system significantly impacted the fate and behavior of EDCs
[9-11]. An experimental investigation on EDCs sorption onto sediments or colloid mixture declared that
the contribution of colloidal particles to the sorption
of pollutants was 10 - 60% [9]. The percent of BPA
and E2 bound onto colloidal particle was particularly
higher than that of other emerging organic contaminants in the Yangtze Estuary water [4]. More than 80%
of total EDCs in Pearl River Delta existed in true solution and colloidal phases [10]. In addition, as main
chemical component of natural aquatic colloids, HA
with various functional groups has indicated excellent sorption ability towards organic contaminants
[12]. As ubiquitous inorganic components of aquatic
colloidal particles [13], Fe oxides enhanced adsorption of EDCs onto solid matrix, while Mn oxides did
the opposite effect [14, 15]. In the case of composite
colloidal systems, the functional groups on HA could
bind to the metallic oxide particles in aquatic system,
which modified the surface properties of metallic oxide [16, 17].
Sorption or partition of EDCs onto aquatic colloidal materials have been investigated by numerous
research groups [15, 17-20], nevertheless, there is
still a lack of understanding on specific correlation
between EDCs and the component of natural aquatic
colloids such as colloidal HA, nano-Fe and -Mn oxides, and how is the interaction between those colloidal particles and EDCs impacted by environmental parameters such as pH value, ion strength and organic carbon content. Therefore, the aim of this
study is to investigate the sorption properties of BPA
and E2 onto the colloidal HA, nano-Fe and -Mn oxides, assess the effect of sorbent concentration, pH
value and ionic strength on the sorption of target pollutants, and subsequently provide significant data for
further understanding on the interaction between
EDCs and colloids in complex aquatic system.
+#% !'

4185/-7=-90<1-319>=The estrogenic compounds (E2 and BPA) and internal standard (E2-d2
and BPA-d16) were purchased from Dr. Ehrenstorfer
GmbH (GER). The humic acid (HA), 0.5-kDa rhodamine 6G (R6G), 3-kDa dextran and bis (trimethylsilyl) trifluoroacetamide (BSTFA) containing 1%
of trimethylchlorosilane (TMCS) were obtained
from Sigma (USA). Separate stock solutions of E2,
BPA, E2-d2 and BPA-d16 were made up at the concentration of 1000 mg/L in methanol. The working
standards (0.8 mg/L) were prepared by appropriate
dilution of individual stock solution. A separate solution of the two internal standards was made up at
0.6 mg/L for BPA-d16 and E2-d2, respectively. All
reagents (methanol, dichloromethane, ethyl acetate
and pyridine) with HPLC grade were purchased
from J. T. Baker Chemical Company (USA). Nano-
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Fe oxides (20-30 nm, 99.9%) and -Mn oxides (60-80
nm, 99%) were obtained from Sinopharm Chemical
Reagent Company. 

";1<->5:9:2?7><-257><->5:9=C=>18The colloidal phase in water was isolated by a stirred ultrafiltration cell system (model 8400, Millipore) with a
1kDa regenerated cellulose membrane over a magnetic stirring plate set to a nominal speed of 400 rpm.
The maximum volume uptake of ultrafiltration cell
was 500 mL. Before their use, the membranes were
successively soaked in diluted NaOH and HCl, as
well as methanol for about 3 h, respectively, afterwards three times in pure water for 6 h to remove
membrane production residuals. The ultrafiltration
was conducted at room temperature with 40 psi of
pressured nitrogen gas. Approximately 1 mL of permeate was discarded and then 100-350mL of consecutive permeate samples and remain retentate were
collected. Between ultrafiltration experiments, the
membrane was cleaned through the same procedure
as above and the stirred cell was extensively flushed
with pure water.

)-750->5:9:2?7><-257><->5:9=C=>18A stirred
ultrafiltration cell system was filled with 400mL of
water sample, spiked, respectively, with 0.5-kDa
R6G and 3-kDa dextran as colloidal standards at
nmol/L. During ultrafiltration process, 100, 200, 300,
320 and 350mL of consecutive permeate samples
and remain retentates were taken and the concentrations of 0.5 kDa R6G and 3 kDa dextran in permeate
and retentate were determined by fluorescence
measurement (Fluorescence Spectrophotometer, F7000, Hitachi), respectively at an excitation wavelength of 528 and 494 nm, and emission wavelength
of 551 and 521nm.
The efficiency to retain colloidal materials by
ultrafiltration system can be expressed by the retention coefficient ( ), which is defined as the following equation (1) [18, 21] :
 = 1 – /
(1)
where  and  are the concentration of colloidal materials in permeate and retentate respectively.
The  value is strongly dependent on the concentration factor ( ) that is calculated by equation (2):
(2)
 = ( + )/ 
where  and  are the volumes of permeate
and retentate, respectively. To assess ultrafiltration
performance, both the  value and mass balance
(what extent colloidal materials lost) of colloidal
standards were calculated.
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";1<->5:9-7@-750->5:9:2?7><-257><->5:9A5>4 6-818.<-91?=593=>-90-<0/:77:50-78:71/?7-<
Colloidal standard

Mass balance
(%)
=1
 = 1.3
= 2
= 4
=5
= 8
3-kDa dextrain

0.962

0.957

0.969

0.989

0.963

0.973

90.9~99.2

0.5-kDa rhodamine

0.993

0.166

0.066

0.01

0.02

0.00

91.1~108.2


&:<;>5:91B;1<5819>=The ultrafiltration was
applied to determine the sorption ratio of pollutants
onto colloidal materials. Different amounts of colloidal HA, nano-Fe and -Mn oxides were respectively
dispersed in pure water with 0.001~0.1 mol/L of
CaCl2 and pH value range of 4~10, producing a series of colloid concentrations. The stirred cell was
filled with 400 mL of colloidal solution spiked, respectively, with BPA and E2 at a level of 600 ng/L,
which was pre-equilibrated by shaking for 6 h [19,
20]. The colloidal suspensions were treated with sodium azide and an aluminum foil wrapped to avoid
biodegradation and photodegradation of EDCs. The
isolation of colloidal phase was achieved at  value
of 5, when 320 mL of consecutive permeate and 80
mL of remain retentate were collected. The concentrations of BPA and E2 in the retentate and permeate
were determined through solid phase extraction
(SPE) of samples, followed by derivatisation with
BSTFA and analysis using gas chromatograph
equipped with mass spectrometer (GC-MS) [22].
The concentrations of BPA and E2 in colloidal phase
( ) were calculated from the concentration measured in retentate () and in permeate () as well 
value using equation (3):
   

(3)

satisfactory with acceptable sorptive losses.
To assess whether target EDCs were adsorbed
to the membrane material, a mass balance of selected
pollutants through ultrafiltration system could be
calculated based on the total mass of pollutant at the
beginning and the end of each ultrafiltration run. Table 2 presented the mass balance of BPA and E2 in
different colloidal suspensions through ultrafiltration cell. The acceptable recoveries were observed
for BPA with 102~118 % and E2 with 89~96 % in
various colloidal suspensions, indicating no significant loss in the ultrafiltration cell. These results suggested that the ultrafiltration system was efficient for
the enrichment of colloidal particles and further for
the sorption experiment of BPA and E2 onto colloidal particles.

' 
-==.-7-9/1:2>-<31>;:77?>-9>=>4<:?34 
?7><-257><->5:9=C=>18
Colloidal suspension
Colloidal HA
Nano-Fe2O3
Nano-MnO2
Colloidal HA + Nano-Fe2O3
Colloidal HA + Nano-MnO2

The sorption abilities of BPA and E2 onto colloidal phase could be expressed as the ratio ( )
of colloidal concentrations ( ) and total concentration () of pollutants.
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$?-75>C -==?<-9/1 -90 /:9><:7 The performance evaluation of ultrafiltration system is critical
before its application for the isolation of colloidal
particles. The permeation and retention properties of
0.5-kDa R6G and 3-kDa dextran as standard molecular probes by ultrafiltration cell were presented in
Table 1. As for 0.5-kDa R6G, the  value was
0.993 at  1 and dramatically reduced to 0.01with
increase of  value to 4 or higher. This indicated
high breakthrough of small molecule R6G through
ultrafiltration system at the higher  values. The
mass balance of R6G through ultrafiltration system
achieved 91.1~108.2 %, exhibiting low sorption loss
of this molecule on the membrane. The  values
higher than 0.96 were observed for 3-kDa dextran in
the range of tested  values with 90.9~99.2% of
mass balance. This result suggested that the retention
of colloidal molecules by 1-kDa membrane was

Recovery (%)
BPA
E2
102
95
112
96
118
94
105
89
114
94

221/>:2/:9/19><->5:9:9=:<;>5:9:2 
-90#The sorption ratios ( /) of E2 and BPA
onto colloidal HA were plotted against the concentration of HA, as shown in Figure 1. It was obvious
that the ratio of BPA onto colloidal HA slightly increased in proportion to the concentration of HA,
while the sorption of E2 had no significant change as
the concentration of HA. The sorption of BPA onto
HA was 4~6 times higher than that of E2. Such significant difference could be ascribed to the fact that
sorption mechanism not only depended on the HA
nature but also strongly related to the properties of
pollutant [23, 24]. Several types of bindings have
been involved in the sorption of organic pollutants to
sorbent with rich organic matter, such as hydrogen
bonding, π–π electron interaction, hydrophobic partition (e.g. van der Waals, dipole–dipole, dipole-induced dipole) and ion exchange [19, 25, 26]. It was
confirmed that hydrophobic interactions dominated
the sorption of nonpolar organic compounds e.g.
PAHs, PCBs, on natural organic matter (NOM) [2729]. Regarding the sorption of both BPA and E2 with
medium polarities, HA had different impact as compared to nonpolar organic compounds due to the diverse chemical structure. In accordance with
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reported that the nonspecific hydrophobic interaction was not the exclusive mechanism between
EDCs and colloidal materials [19, 25, 26]. As the pH
value increased, there were more dissociated carboxyl groups on HA that was available for hydrogen
bonding with phenolic groups of E2 and BPA, leading to enhanced sorption on HA. Those have been
proved by previous studies [23, 33], and particularly
a direct measurement by Fourier Transform Infrared
Spectroscopy (FTIR) indicated that hydrogen bonding between BPA and HA was dominated binding
[23]. Those results implied that the increased deprotonated forms of carboxyl groups might contribute
not only favorable sites for binding but also micropores for retaining E2 and BPA due to an improved dispersive properties of HA at high pH value
[38-40]. Given the structure of BPA with bi-substituted benzene ring and E2 with mono-substituted
benzene ring, BPA and E2, as electron donors, could
interact with HA via π–π electron bonding. As a results of the higher π electron-donating ability to form
more stable covalent π-π bonding, BPA had higher
sorption ratio on HA than E2 [31, 41]. 

octanol-water partition coefficient (log ) 3.32 for
E2 and 3.94 for BPA, a greater sorption of E2 on HA
should be expected as compared to BPA, however, a
contrary result was observed in Figure 1, which revealed that the hydrophobic effect was not dominant
binding mechanism. It has been well known that the
E2 molecule is composed of mono-substituted benzene ring by functional group of -OH for π–π electron interaction, while BPA as bi-substituted benzene
ring is expected to have more π electron donors, thus,
the charge-transfer (π–π*) interactions could occur
via electron donor–acceptor (EDA) mechanism between π electron acceptor in HA and the electron donor in benzene ring [10, 30, 31]. Therefore, a weak
EDA interaction would be prospective to explain the
sorptive behavior of E2 on HA in present study. In
addition, it has been reported that NOM, having heterogeneous surface and cavities, could trap or bind
organic pollutants as the crucial force [31, 32], which
was governed by cavity size in NOM and molecular
mass of organic pollutants. Accordingly, the higher
sorption capacity of BPA with smaller molecular
mass would be expected by trapping of cavity on HA,
which was consistent with the obtained results.
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221/>:25:9=><193>4:9=:<;>5:9:2 -90
#The impact of ion strength on sorption of target
pollutants onto HA was examined. As shown in Figure 3, the sorption ratios of E2 and BPA on HA decreased with increasing concentration of Ca2+, which
agreed with the previous results obtained for sorption of sulfamethazine onto soils, norfloxacin and
ciprofloxacin onto the sediments with rich organic
matter [42]. These results could be presumably related to the electrostatic attraction of cations (Ca2+)
by the negative surfaces of HA, thereby reduced the
negative surface charge. It was reported that the
Ca2+-induced neutralization of the negative surface
charges on HA might cause a compression of the
double layer and a decrease of the diffuse double
layer thickness, thus facilitating aggregation [43, 44].
This suggested that the reduced sorption of E2 and
BPA on HA with increasing Ca2+ concentration was
likely associated with the occupation of sorption
sites by Ca2+ on HA.

221/> :2 ; @-7?1 :9 =:<;>5:9 :2   -90
#The pH dependence of sorption onto HA at 16
mg/L of HA and 0.01mol/L of CaCl2 was presented
in Figure 2. It was observed that the sorption of both
BPA and E2 onto HA was enlarged with the increase
of pH value. The pH effect on sorption of organic
pollutants was attributed to two aspects, the surface
characteristics of HA and the speciation of target pollutants [33-35]. HA behaved as mixtures of dibasic
acids, with carboxylate and phenolate groups, linked
together. Having low  value of 3.6 [33], HA was
mainly present in deprotonated forms and negatively
charged in the pH range of 4~10 used in this study.
Rather, E2 and BPA almost existed in neutral and
protonated species under the experimental conditions because of their high values of  (10.7 and
10.3, respectively) [36, 37] . Hence, the electrostatic
attraction was not the principal mechanism. It was
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weak surface coordination. In addition to surface
complexation, the microstructures of nanoparticles
were also crucial in sorption for both pollutants. As
reported in previous research, BPA had a unique
“butterfly” structure that led to the reduction of steric
hindrance during sorption process onto carbon nanomaterials [54]. This structure along with smaller molecular mass enabled BPA more easily accessible to
the pores of colloidal aggregates [31].


(% 
221/>:2- /:9/19><->5:9:9>41=:<;>5:9
&:<;>5:9 :2   -90 # :9>:1 "  9" 
-90 /:8;:=5>1 /:77:50= To investigate sorption
properties of E2 and BPA onto nano-Fe2O3 and MnO2 or composite nanoparticles, sorption ratios
were derived, as presented in Figure 4. It was found
that the sorption ability of BPA onto those colloidal
materials followed the order of HA+MnO2 >
HA+Fe2O3 > MnO2 > Fe2O3, while HA exhibited
lowest sorption for BPA with the ratio value of ~ 9 %.
As regard to E2, there was no significant difference
in sorption capacity between nano-Fe2O3 and -MnO2,
however, the sorption ratios onto composite colloids
(HA+Fe2O3 and HA+MnO2) were about ten times
higher than those of nano-Fe and -Mn oxides. This
result was in accordance with previous studies,
where metallic oxides associated with HA possessed
larger sorption capacity than isolated ones for BPA,
phenanthrene and sulfamethoxazole [45, 46]. It was
proposed that the hydroxyl groups on the surface of
inorganic colloids made great contributions to the
sorption of organic pollutants by ionic exchange [47],
cation bridge and hydrogen bonds [48]. The inherent
properties of inorganic nanoparticles such as large
specific surface area and surface energy would also
lead to the enhanced sorption for EDCs [49]. On the
other hand, metallic oxide colloids e.g. Fe and Mn
oxides in natural aquatic system could be greatly
covered with NOM via surface complexation to form
inorganic oxide-NOM complexes at solid-liquid interface [50, 51], which exhibited different properties
from the isolated ones, consequently impacting their
sorption properties. In other words, the combination
of inorganic oxide nanoparticles with HA, by means
of alternating surface charge, might cause more stable space repulsion potential energy and electrostatic
energy [52, 53], hence increasing the sorption capacity for target pollutants.
It was also observed from Figure 4 that the
sorption capacities of BPA to all of these nanoparticles were much greater than those of E2, further indicating that a stronger interaction occurred between
BPA and those nanomaterials. This result was ascribed to poor electron-donating ability of E2 to form
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The stirred ultrafiltration was successfully applied to investigate the sorption of BPA and E2 onto
colloidal particles. The results demonstrated that the
HA concentration, pH value and ionic strength were
major impact factors controlling the sorption of BPA
and E2 onto HA. The nano-Fe2O3 and nano-MnO2 as
major components of natural aquatic colloids made
greater contribution to the sorption of both pollutants.
The sorption capacities of traget pollutants onto the
composite colloids were much higher than those
onto isolated ones, implying that the composite colloidal particles provided more active sites and surface area. With respect to the interaction between
HA and target pollutants, the main cohesion was hydrogen bonding through carboxylic phenolic-type
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groups, in addition to π-π bonding due to the stucture
of aromatic ring. The coordination of BPA and E2
onto metal-oxide surface was likely by means of
ionic exchange, cation bridge and hydrogen bonds.
Conclusively, this study indicated that BPA and E2
tended to remain in the aqueous phase. Nevertheless,
the portion of target pollutant onto colloidal phase
could not be neglected for further assessing the fate
and ecotoxicity of EDCs in aquatic environment.
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leaf number of strawberry plants [7]. Conversely,
GA3 application reduced fruit size [10] or has no significant effect on marketable yield [8].
Strawberry is high valuable crop worldwide
and rich source of phytochemicals and vitamin C
[11, 12]. However, cultivar and cultural practices influence plant growth, yield and fruit quality [2, 13,
14]. Additionally, we are not aware of any study that
has evaluated the influence of GA3 on photosynthesis and gas exchange. The objective of this study was
to assess the influence of different GA3 levels on
strawberry leaf photosynthesis and gas exchange,
yield, and fruit total soluble solids.


#!"#"

4)6< 5)<-:1)4 )6, /:--607=;- ;-<=8 The
study was conducted in a greenhouse at the University of Jordan, Amman (lat. 32° 0' 40.4316'' N, long.
35° 52' 20.3628'' E) between Nov. 2016 and April
2017. Minimum and maximum temperatures in the
greenhouse ranged from 10 to 14 °C and 18 to 28°C,
respectively and minimum and maximum solar radiation ranged from 650 to 1150 µmol/m2/s (Figure 1).
Strawberry transplants (       Duch
cvs. ‘BG4.370’ and ' Splendor') 10-week-old were
grown in 10L rectangular pots (100 x 10 x10 cm)
filled with growing substrate. Substrate ratio was 4:1
peatmoss + volcanic tuff (0-4 mm). Tuff size (0-4
mm) was selected following the recommendation of
previous reports [15]. Pots were placed on a bench in
the glasshouse. Three plants per cultivar were transplanted in each pot (total = 6 transplants per pot).
Pots were randomized using a complete block design
replicated 4 times. Strawberry transplants were fertigated weekly using nutrient mixture made up of
three fertilizers: 12N-9.8Ca-3.4Mg (Micronate
34®), 6N-1.8P-8.6K (An-Nebras®) and micronutrient mix (Micronate 15®). The final composition of
fertigation solution was 200 mg/l N, 36 mg/l P, 200
mg/l K+, 150 mg/l Ca+2, 35 mg/l Mg+2, 40 mg/l Zn,
40 mg/l Fe-EDTA, 65 mg/l Mn, 15 mg/l B, and 5
mg/l Cu.

The objective of this study was to assess the effect of foliar application of gibberellic acid (GA3) on
strawberry (         Duch cvs.
‘BG4.370’ and ' Splendor') morphology, physiology
[photosynthesis rate (), stomatal conductance ()
and transpiration ()], yield, and fruit total soluble
solids. Five different GA3 levels were used; control
(0.0), 50, 100, 200 and 1000 mg/l. Gibberellic acid
treatments were sprayed twice, the first at the 5th leaf
stage and the second 10 d after the first application.
Plants under control were sprayed with tap water
only. Foliar application of GA3 decreased the time
needed to flowering and increased , , , pedicel
length, soluble solids (°Brix) in both cultivars and
across GA3 levels, compared to untreated control.
Conversely, GA3-treated plants had lower chlorophyll content index (SPAD), marketable yield and
individual fruit weight. Overall, foliar application of
GA3 increased shoot morphology and physiology
(,  and ) but did not improve strawberry fruit
quality and yield. In fact, this study revealed that for
these cultivars and those GA3 concentrations, the incidence of malformed fruits and unmarketable yield
can be significant.
(&!":
Hormone, stomatal conductance, disorder, soluble solids

#!$#
Plants sense environment factors to stimulate
responses that lead to the development of new roots
and shoots [1, 2]. Gibberellins, one of the most essential plant phytohormones, play important roles in
many cellular processes including seed germination,
stem elongation, flowering, vegetative growth and
fruit development [3, 4]. Gibberellic acid (GA3) is
the leading representative of gibberellins used
widely as plant growth regulator to stimulate cell division, cell elongation, fruit quality and yield [5, 6].
However, the response of the growth, yield and fruit
phenolic compounds and total soluble solids to GA3
treatment is inconsistent [7, 8, 9]. Foliar application
of GA3 (75 ppm) increased leaf petiole, leaf area and

1**-:-441+ )+1, <:-)<5-6<. Five different
GA3 (4%, CP Bio, Inc., Chino, CA) levels were used.
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Marketable and unmarketable yield (g/plant)
and fruit soluble solids (oBrix) were determined during fruit ripening stage (March 5 - April 15, 2016).
Fruit was considered marketable when its weight
was higher than 10 g and without fruit rot or malformed appearance. For fruit soluble solids, two fruit
were selected from each replicate (2 plants) and three
readings per plant were determined [17]. Fruits were
squeezed and filtered and soluble solids (oBrix) were
determined with a refractometer (Erma, Swastik Scientific Company, Tokyo, Japan).

These were control 0.0, 50, 100, 200 and 1000 mg/l.
Gibberellic acid treatments were sprayed twice, the
first at the 5thleaf stage (six week after transplanting)
and the second 10 d after the first application. Plants
under control were sprayed with tap water only.

0A;1747/A57:80747/A)6,A1-4,5-);=:-
5-6<;Photosynthesis rate (), gas exchange [stomatal conductance () and transpiration ()] and
chlorophyll content index (SPAD) for both strawberry cultivars were measured at flowering stage.
Gas exchange and SPAD measurements were conducted between 11:00 a.m. and 1:00 p.m. in two fully
exposed to sun leaves. Gas exchange (and ) and
 were measured using a portable photosynthesis
system (LI-6400XT; LI-COR, Lincoln, NE) [16].
Chlorophyll content index (SPAD) was determined
using a chlorophyll meter (CCM-200 plus; Opti-Science, NH, USA). Number of days to flowering was
determined during flowering stage and pedicel
length was measured during early flowering and fruit
ripening stages. 

"<)<1;<1+)4,-;1/6)6,)6)4A;1;A randomized
complete block design with four replications and two
factors (2 cultivars and 5 GA3 levels) were used.
Each pot was considered an experimental unit and 3
transplants per replication were used for measurements. The analysis of variance (ANOVA) and the
least significant deference test (P ≤ 0.05) in SAS
(Version 9.4 for Windows; SAS Institute, Cary, NC)
were used to identify differences between cultivars,
GA3 levels and their interactions.




$! 
1:<-58-:)<=:-)6,41/0<16<-6;1<A7./4);;07=;-16?01+0<0-16.4=-6+-7./1**-:-441+)+1,4->-4;76<0-
80A;1747/A)6,.:=1<9=)41<A7.;<:)?*-::1-;?-:-<-;<-,
# 
:7*)*141<A>)4=-;.7:<0--..-+<;7./1**-:-441+)+1, )6,+=4<1>):76;<:)?*-::A84)6<;
Cultivar
GA3 × cultivar
Parameter
GA3
Day to flower
0.0451
0.552
0.711
Pedicel length (flowering stage)
<0.0001
0.0003
0.004
Pedicel length (fruit ripening stage)
<0.0001
0.0003
0.237
Photosynthesis rate ()
<0.0001
0.005
<0.0001
Stomatal conductance ()
<0.0001
<0.0001
<0.0001
Transpiration rate ()
<0.0001
0.014
<0.0001
Chlorophyll content index (SPAD)
<0.0001
0.158
0.138
Marketable yield
<0.0001
0.413
0.112
Unmarketable yield
<0.0001
0.417
0.467
Individual fruit weight
0.003
0.062
0.282
Soluble solids (°Brix)
0.009
0.239
0.001
Probability values less than 0.05 are considered significant
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-).57:80747/A)6,80A;1747/A. Exogenous
GA3 significantly affect strawberry morphology,
physiology (, , , SPAD), yield and soluble solids (Table 1). Pedicle length, photosynthesis and gas
exchange also differ significantly between cultivars.
Significant interactions of GA3 cultivar were also observed for , gas exchange and soluble solids (Table 1).
Under greenhouse condition, GA3 significantly
reduced the time needed for flowering in both cultivars (Figure 2A and 2B). Foliar GA3 application (50,
200 mg/l) increased petiole length, leaf area, flowers
number and reduced the time needed for flowering.
In strawberry, [7] found that foliar application of
GA3 (50, 100, 200 and 1000) increased pedicel
length during flowering stage in both cultivars (Figures 2C and 2D). Except for 1000 GA3 level in
‘BG4.370’, no significant difference was noticed in
pedicel length during flowering and fruit ripening
stage in GA3-treated plants across cultivars (Figures
2C-2F). Foliar application of GA3 caused an excessive increase in pedicel length, which is in agreement

with previous report [7]. Higher GA3 doses produced elongated internodes, which was detrimental
to the development of runners as they often led to
fewer saleable daughter plants [18]. In fact, exogenous GA3 application (20 mg/l) reduced intrinsic water use efficiency and resulted in higher elasticity
modulus (> 12 MPa), indicating a decline in cell wall
elasticity in grapevine (  L.) [19]. Excessive pedicel length might be due to photoperiod GA3
interaction [7]. Photoperiod plays an essential role in
controlling the biosynthesis of a wide range of gibberellins in strawberry leaves [20]. Long photoperiod increased the sensitivity of strawberry to exogenous gibberellins [21].
In this study, , and gas exchange ( and )
from untreated control strawberry was markedly
lower than GA3-treated plants in both cultivars, except for the highest GA3 rate (1000 mg/l) (Figures
3A-3F). Mustard (  
L.) plants receiving 10 µM foliar GA3 plus sulfur (100 mg/kg soil)
had higher  than control under cadmium stress
[22]. A short-term (one hour) application of 9 µM
GA3 increased net  and and decreased intercellular CO2 partial pressure in broad bean (  

L.) leaves compared with that of control [23].
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$! 
)6,,)A<7.47?-:)6,8-,1+-44-6/<0)<-):4A.47?-:16/;<)/- ,)A;).<-:/1**-:-441+)+1,
 )8841+)<176)6,)6,8-,1+-44-6/<0)<.47?-:16/;<)/- ,)A;).<-: )8841+)<176.7:
C"84-6,7:D)6,C  D;<:)?*-::A/:7?6=6,-:,1..-:-6</1**-:-441+)+1,4->-4;
Measurements were conducted at flowering stage. Different letter indicate differences between treatments according to Fisher’s
LSD test (P≤0.05).

9129

%$

" &       





 " #!"!


In fact, GA3 has been known to increase  by
promote the RuBPCase activity, relative content of
Rubisco large subunits and nutrient use efficiency
(NPK) [23]. However, the response of the , and
gas exchange ( and ) to different GA3 levels (50,
100 and 200 mg/l) was inconsistent across cultivars.
For example, in both cultivars, strawberry sprayed
with 200 mg/l GA3 had higher than untreated control, 50, 100 and 1000 mg/l GA3 (Figures 3A and
3B). But, the highest  and  was found at 50 mg/l
GA3 in ‘BG4.370’ and at 100 mg/l GA3 in ‘Splendor’
(Figures 3C-3F). However, untreated strawberry
from both cultivars had higher leaf chlorophyll content index (SPAD) than GA3-treated plants (Figures
3G and 3H).


(1-4,)6,.:=1<9=)41<AFoliar application of
GA3 has been known to increase fruit yield in plants
including strawberry [24]. Fifty and 100 mg/l GA3increased fruit yield the year following treatment in either ‘Hecker’ or 'Guardian' strawberry cultivars [25].
However, there was a significant negative effect of
GA3 on the total marketable yield and individual
fruit weight in both cultivars and across all levels of
GA3 (Figure 4). GA3 significantly increased the incidence of malformed fruits and the unmarketable
yield in both cultivars (Figure 4C and 4D). However,
no significant difference between GA3 levels was noticed in yield parameters (marketable and unmarketable yield, individual fruit weight) and across cultivars.


$! 
)6, 07<7;A6<0-;1;:)<-)6,;<75)<)4+76,=+<)6+-)6,<:)6;81:)<176)6,)6,
+047:780A44+76<-6<16,-@" .7:C"84-6,7:D)6,C  D;<:)?*-::A+=4<1>):;/:7?6=6,-:
,1..-:-6</1**-:-441+)+1, 4->-4;
Measurements were conducted at flowering stage. Different letter indicate differences between treatments according to Fisher’s
LSD test (P≤0.05).
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$! 
)6,5):3-<)*4-A1-4,)6,=65):3-<)*4-A1-4,)6,)6,16,1>1,=)4.:=1<?-1/0<.7:
C"84-6,7:D)6,C  D;<:)?*-::A+=4<1>):;/:7?6=6,-:,1..-:-6</1**-:-441+)+1,4->-4;
Different letters indicate differences between treatments according to Fisher’s LSD test (P≤0.05).




$! 
:=1<;74=*4-;741,;B:1@.7:C"84-6,7:D)6,C  D;<:)?*-::A+=4<1>):;/:7?6=6,-:
,1..-:-6</1**-:-441+)+1, 4->-4;
Measurements were conducted at flowering stage. Different letters indicate differences between treatments according to
Fisher’s LSD test (P≤0.05)



Depending on gibberellins activity and application time there is an optimum dose to promote plant
response by any gibberellins, with an excessive dose
resulting in inhibition [26]. Our observation that GA3
sprays decreased marketable yield contradicts the
finding of Kappel and MacDonald [24] who found
GA3 to increase marketable yield. However, our results are confirmed by others who found GA3 sprays

deceased marketable yield [10, 27]. Marketable
yields of ‘Bing’ and ‘Sam’ sweet cherries from single and repeated GA3 application were reduced to 26
and 35% of total fruit, respectively, compared with
56% for untreated plants [27]. Single (40 mg/l) or repeated (10 mg/l) foliar applications of GA3 increased
fruit firmness, but delayed fruit color development
and had a marked adverse effect on the cracking of

9131

%$

" &       





 " #!"!


!!"

sweet cherries [27]. GA3 at 200 mg/l combined with
long photoperiod increased the number of malformed fruits, resulting in a significant reduction in
total marketable yield in three strawberry cultivars
‘Camarosa’ and ‘Laguna’ ‘Seascape’ [7]. Malformed fruits in response to GA3 treatment could be
attributed to a decrease in pollen germination percentage and to increase in deformed pollen compared
to the untreated strawberry plants [28].
Increasing photosynthetic rates has been associated with increased crops growth and productivity
[29, 30]. However the positive correlation between
leaf photosynthesis and yield is guaranteed when
other factors are held constant [29], including hormonal balance. We believe that increased GA3 levels
altered plant responses to increased photosynthetic
rates through increased shoot partitioning which resulted in increased smaller and unmarketable fruits
(compared to control-untreated strawberry).
Soluble solids is a critical variable in the quality
of strawberry fruits [12]. In fact, among berries,
strawberries are rich source of micronutrients, sugar
content (total soluble solids), antioxidants, and phytochemicals which are known to be beneficial for human health [31]. As shown in Figure 5, strawberry
treated with 50 mg/l GA3 had higher soluble solids
value (oBrix) than untreated control in both
‘BG4.370’ and ‘Splendor’ cultivars. Foliar application of GA3 treatment led to higher soluble solids
(°Brix) in grapevine [19].


$""
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The area of Hirkan National Park is 99% covered
by forests in a primarily mountainous region, and is
strictly protected. In the Park, there are about 1296
plant species; 130 of which are trees and shrubs.
The lands of the park were not affected by the Pliocene and Pleistocene glaciations. Therefore, the
park is home to many species (36 species of trees
and shrubs) remaining from the 3rd period glaciations [1].
The main reason for the choice of Tortricidae
as an object of study is the fact that they are one of
the main pests of forest and fruit trees and most of
them move from one area of forests and gardens to
the other at different stages of their development,
and sometimes on the next-generation stage [2].
Tortricidae family from the order of Lepidoptera,
represented by 5000 species in the world [3]. The
Tortricidae family is a large and relatively homogeneous family in the Superfamily Tortricoidae, with
three subfamilies that have at times been considered
separate families: Chlidanotinae, Tortricinae, and
Olethreutinae. There are about 9,000 described
species richly distributed worldwide in 1,000 or
more genera; incalculable numbers remain unnamed in tropical regions. Adults are small to moderately large (wingspan 1-3.3 cm), and are typically
nocturnal with cryptically colored forewings in
gray, brown, rust, or tan, occasionally with colorful
markings. At rest, wings are held like a flattened
roof, giving the resemblance of an arrowhead. Larvae are leaf rollers, leaf tiers, or borers in roots,
stems, or fruits, and most species are specialists in
food plant selection, with an enormous array of
plants serving as hosts. Many Tortricids are economically important as agricultural and forestry
pests [4]. Three species of leaf rollers (Tortrix viridana, Archips rosanus, A.xylosteana) on the study
area caused the most damage.
Over the last decades, insecticide used to prevent crop loss especially in agricultural products
have seriously harmed the environment and natural
habitats. Parasitic insects are very important ecologically and economically for the control of the
pest populations [5, 6]. Identification and monitoring of pests and parasitoids, as well as host and
natural enemies of the harmful insects should be

ABSTRACT
The study were conducted during 1994 and
2014 in Hirkan National Park. The aim of the research was to determine the degree of harmfulness
of tortricids found on the Red Data Book species of
trees and to define their parasitoid complex. The
tortricid species was registered on the 6 rare tree
species found in Hirkan NP. Salix kuznetsowii and
Populus hyrcana are Caucasian endemic species,
others (Zelkova carpinifolia, Quercus castaneifolia,
Gleditsia caspia and Parrotia persica) are rare
species of Azerbaijan. According to harmfulness;
the Tortrix viridana, Archips rosanus and A. xylosteana can be considered to be most dangerous
tortricid pests for red book tree species of the
Hirkan NP. During the research; 35 species of tortricid parasitoids were revealed in the natural park
area.
KEYWORDS:
Hirkan National Park, rare tree species, tortricids, parasitoids

INTRODUCTION
Trees and shrubs have significant contributions to cities such as preventing air pollution, reducing noise, reducing wind and dust effects, preventing erosion, improving climatic conditions, and
aesthetic effects. National Parks, which are the
places where the most recreational activities are
made, have unique scenery, rich fauna and flora,
wetlands, unique scenery. National Parks which are
having endemic and rare species are very important
for the sustainability of biodiversity and ecological
balance.
Azerbaijan, a country in the Caucasus between
Black and Caspian Sea, has a rich flora and fauna
and tremendous natural resources among European
countries. There are a total of 9 national parks (also
13 state natural parks and 21 state reserves) in
Azerbaijan. One of them, Hirkan National Park
(Fig. 1) is located in the south-east of Azerbaijan.
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endemic plant and animal species [8].

well known.
The aim of the research to identify the tortricid
species on hosts which are rare and endemic species, to determine the degree of harmfulness of
tortricids and to define their parasitoid complex.

Material collection. Observations and material collection were carried out from 1994 to 2014 in
the territory of the natural park according to generally accepted entomological methods. Field work
was conducted from end of March to September
within the border of the park. The leaf-roller species were collected in nature on the host plants both
adult, pupal and larval stage. Each larva and pupae
picked from the host plant was kept in a separate jar
in the laboratory and fed on host plant leaves. The
laboratory works of the collected material was
carried out in the Institute of Zoology of the ANAS
(Azerbaijan National Academy of Sciences). Environmental assessment, Bray-Curtis index were
carried out using Biodiversity Pro 2.0 program.

MATERIALS AND METHODS
Study area. Hirkan National Park is located in
the south-east of Azerbaijan (Fig.1). The Geographic location of its central part is E 48º41' N 38°28'.
The total area of the NP is 40,358 hectares
(403.58 km2) [7]. It has a warm and mild climate
and an average annual temperature of 14.1. In winter, there is much more precipitation than in the
summer months and the average annual precipitation is 1019 mm. The National Park; constitutes one
of the largest contiguous forests in Azerbaijan,
which is not interrupted by any settlement or pasture and protects the humid subtropical and humid
temperate forests in the area of the Lenkoran Lowland and the Talysh Mountains, sheltering any

Statistical analysis. The Margalef diversity
index [9] (Formula 1) and Simpsons diversity index
Simpson, E. H. [10] (Formula 2) was used to characterize species diversity of parasitic insects.

FIGURE 1
Location of Hirkan National Park (a) and Hirkan National Park (b)
TABLE 1
Rare tree species and their status in Red List Category & Criteria
Rare tree species
Ulmaceae
Zelkova carpinifolia (Pall.) C. Koch (Caucasian zelkova)
Fagaceae
Quercus castaneifolia C.A. Mey.
ɋKHVWQXW±leaved oak)
Fabaceae
Gleditsia caspia Desf.
(Caspian honey-locust)
Hamamelidaceae
Parrotia persica (DC.) C.A. Mey.
(Persian ironwood tree)
Salicaceae
Populus hyrcana Grossh.
(Hyrcan poplar)
Salicaceae
Salix kuznetzowii Laksch. ex Goerz

Status

Red List Category &
Criteria: (http://redbook.az)

Azerbaijan rare tree

National IUCN Status: NT

Azerbaijan rare tree

National IUCN Status: NT

Azerbaijan rare tree

National IUCN Status: VU

Azerbaijan rare tree

National IUCN Status: NT

Caucasus endemic

National IUCN Status: VU

Caucasus rare and endemic

National IUCN Status: VU

Notes: IUCN category and criteries: CO ± collapsed, CR ± critically endangered, EN ± endangered, VU ± vulnerable, NT ±
near threatened, LC ± least concern, DD ± data deficient, NE ± not evaluated, EX ± extinct, EW - extinct in the Wild, LR lower risk [11]
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tortricids more than other plants in the Hirkan NP
(Table 2). Seven species of tortricids were registered on Q. castaneilolia, three on P. persica and
three on Z. carpinifolia. Two reasons can be considered in this issue. One is; while Q. castaneifolia
makes 25,3%, Parrotia persica 7,8% and Z.
carpinifolia 0,3% among forest-forming trees in the
Hirkan NP other fodder plants make 0,1%. The
second reason may be the chemical composition of
these plants. The amount of flavonoids in the chemical composition of the leaves of Q. castaneifolia,
Parrotia persica and Zelkova carpinifolia is similar
in comparison with other trees. This is probably
why they are prone to feeding on Q. castaneifolia,
P. persica and Z. carpinifolia.
According to prevalence; the Tortrix viridana,
Archips rosanus and A. xylosteana can be considered to be the most common pests for red book tree
species of the Hirkan NP (Fig. 2).

(Formula 1)
Where S is the number of species, and N is the
total number of individuals in the sample.
(Formula 2)
Where n is the total number of organisms of a
particular species, and N is the total number of
organisms of all species.

RESULTS AND DISCUSSION
Tortricid species registered on the 6 rare tree
species found in Hirkan NP. These trees were: Salix
kuznetsowii and Populus hyrcana which are Caucasian endemic species, Zelkova carpinifolia, Quercus castaneifolia, Gleditsia caspia and Parrotia
persica are rare species of Azerbaijan (Table 1).
In the research it was seen that Q. castaneifolia, P. persica and Z. carpini-folia suffered from

FIGURE 2
The prevalence of tortricids during research period
TABLE 2
Recorded tortricid species and their individual numbers captured
Host plants

Quercus castaneifolia

Zelkova carpinifolia

Parrotia persica
Populus hyrcana
Salix kuznetsowii
Gleditsia caspia

Recorded tortricids
T.viridana
A.rosanus
A.xylosteana
E.profundana
A.loeflingiana
S.ocellana
C.pomonella
T.viridana
A.rosanus
A.xylosteana
T.viridana
A.rosanus
A.xylosteana
T.viridana
A.xylosteana
A.rosanus
A.rosanus
Total

9137

Number of individuals
126
44
121
5
1
1
1
21
4
9
22
11
20
6
4
2
2
400
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FIGURE 3
Parasitoid complex recorded in the National Park area
TABLE 3
Main Leaf - rollers and their parasitoids on rare tree species in the NP
Main Leaf - rollers and their parasitoids
Tortrix viridana
Celtidaceae
Braconidae:
1. Zelkova carpinifolia Macrocentrus collaris, M.resinellae,
Rare tree species

Archips rosanus
-

A.xylosteana
-

-

-

Ichneumonidae: Lissonota sp.

-

Hymenoptera: Braconidae:
Cotesia sp., Macrocentrus nidulator,
Clinocentrus exsertor

Hymenoptera:
nidae:
Macrocentrus
nidulator

Ichneumonidae: Itoplectis maculator, Lissonota sp.
Chalcidoidea:
Pediobius saulius, Monodontomerus aereus,
-

Salicaceae
2. Populus hyrcana
Salicaceae
3. Salix kuznetsowii
Fagaceae
Braconidae: Cotesia sp., Macrocentrus nidu4.Quercus castaneifolia lator, M.linearis, M.resinellae, Apanteles
laevigatus, A.albipennis, Bracon variegator,
Zele albiditarsus, Meteorus versicolor, Microdus rufipes

Braco-

Ichneumonidae: Itoplectis
Itoplectis maculator, Lissonota sp.
Ichneumonidae: Itoplectis maculator, Glypta Ichneumonidae:
maculator,
Lissonota
sp.,
sp., Lissonota sp.
Triclistus globulipes
Chalcidoidea: Microlycus sp., Pediobius
bruchicida, P.saulius, P.pyrgo, Pediobius sp. Diptera: Tachinidae:
Monodontomerus aereus, Coniosus claripen- Cadurcia casta
nis, Brachymeria intermedia, B.rugulosa,
Elasmus viridiceps, Colpoclypeus florus,
Eulophus larvarum, Pteromalus chrysos

Fabaceae
5. Gleditsia caspia
Hamamelidaceae
6. Parrotia persica

Diptera: Tachinidae:
Cadurcia casta, C.lucens
-

Hymenoptera: Braconidae:
Cotesia
sp.,
Macrocentrus
M.resinellae,

collaris,

Ichneumonidae:
Glypta sp., Lissonota sp. Apophua bipunctoria
Triclistus globulipes, Mesochorus sp.
Chalcidoidea: Colpoclypeus florus
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Hymenoptera: Ichneumonidae: Diadegma sp.,
Lissonota sp.
Hymenoptera: Braconidae:
Cotesia sp., Macrocentrus
resinellae
Ichneumonidae: Lissonota
sp.,
Triclistus globulipes,
Triclistus sp.,

-

-
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infected about 41% of leaf-rollers in the Hirkan NP.
Parasitoids infected leaf-rollers in their larval and
pupal stage [12].
According to the Bray-Curtis index for the
parasitoids complex the less index of similarity for
parasitoids was obtained on Quercus castaneifolia
and Gleditsia caspia (3.18%), and the highest one
on Parrotia persica and Zelkova carpinifolia
(51,8%) (Fig. 4).
According to the values of biodiversity indices
(D=0.066; M=14.22) parasitoids infecting leafrollers on oak took first place in species abundance
and diversity. The value of the Simpson's index was
close to 0. It showed that the dominancy was low.
On Quercus castaneifolia the number of leaf - rollers was decreased by 30 species of parasitoids. D=1
on Salix kuznetsowii. It was because of the fact that
on Salix the leaf - roller Archips rosanus was infected by one parasitoid only (Lissonota sp.).

In nature, the role of pest controllers is carried
out by parasitoids and predators. Parasitoids, relating mainly to the order Hymenoptera and Diptera in
many countries around the world are used in "Bioregulation" of pests. Due to the fact that the use of
only one parasitoid against any pest does not give
the desired result, it is expedient to use more efficient complex of parasitoids having synchronized
seasonal development with pest. During the research; 35 species of parasitoids were revealed in
the natural park area (Table 3). The amount of
Chalcidoidea in the parasitoid complex was 37%
(13 species), Braconidae 34% (12 species), Ichneumonidae 23% (8 species) and Tachinidae 6% (2
species) (Fig. 3).
The table 3 shows systematic position of the
parasitoids and their hosts. As it shown from the
table the pests and their parasitoids were found
mainly on Quercus castaneifolia, Parrotia persica
and Zelkova carpinifolia. The parasitoid complex

FIGURE 4
Bray-Curtis Cluster Analysis (Single Link) for parasitoids complex

Zelkova carpinifolia
Quercus castaneifolia
Gleditsia caspia
Parrotia persica
Salix kuznetsowii

Index
Simpsons
Diversity (D)
Margaleff
(M Base 10)

TABLE 4
Similarity matrix of parasitoid complex
Similarity Matrix
Zelkova
Quercus
Gleditsia
carpinifolia
castaneifolia
caspia
*
28,6585
9,1954
*
*
3,1872
*
*
*
*
*
*
*
*
*

Parrotia
persica
51,8519
28,1106
4,1451
*
*

TABLE 5
The results of biodiversity indexes of parasitoids infecting leaf-rollers
Zelkova
Quercus
Gleditsia
Parrotia
carpinifolia
castaneifolia
caspia
persica

Salix
kuznetsowii
39,2157
15,0376
32
19,2308
*

Salix
kuznetsowii

0,326

0,066

0,6

0,357

1

17,766

14,22

48,643

14,951

26,133

9139

© by PSP

Volume 27 ± No. 12A/2018 pages 9135-9140

REFERENCES
[1] URL 1: http://eco.gov.az/en/595-hirkan-nation
al-park.
[2] Maharramova, S.M. (2016) Species composition and parasitoid complex of leaf-rollers
(Lepidoptera: Tortricidae), damaging to woodfruit cultures in the eastern part of Azerbaijan.
Abstract of thesis for the degree of doctor of
philosophy in biology. Baku, 26p. (In Azerb.).
[3] Geest, L.P.S. and Evenhuis, H.H. (1991) Tortricid pest their biology, natural enemies and
control. In: World Crop Pests 5. Elsevier Science Publishing Company Inc. New York NY.
10010. US. A. 808p.
[4] URL 2: https://www.butterflies and moths. org/
taxonomy/tortricidae.
[5] Patriche, G. (2008) The primary and secondary
parasitoids relationships in the parasitoid complex belonging to the Lepidoptera defoliators
in the cabbage crops. Natura Montenegrina
Podgorica. 7(3), 87-96.
[6] $\GR÷GX 0   3DUDVLWRLG DEXndance of
Archips rosana (Linnaeus, 1758) (Lepidoptera:
Tortricidae) in organic cherry orchards. Northwestern journal of zoology. 10(1), 42-47.
[7] URL 3: http://latitude.to/map/az/azerbaijan/
natural-parks/3/hirkan-national-park.
[8] URL 4: https://en.wikipedia.org/wiki/Hirkan_
National_Park.
[9] Margalef, D.R. (1958) Information theory in
ecology. General Systems. 3, 36±71.
[10] Simpson, E.H. (1949) Measurement of diversity. Nature.163 (4148), 688.
[11] URL 5: http://www.iucnredlist.org/static/cate
gories _criteria_2_3).
[12] Maharramova, S.M. (2010) AzerED\FDQÕQ
/HQNHUDQ E|OJHVLQGHNL +LUNDQ 0LOOL 3DUNÕQGD
7RUWUL[ YÕUÕGDQD / /HSLGRSWHUD 7RUWULFLGDH 
trofik iliskileri / III. Ulusal Karadeniz OrPDQFÕOÕN .RQJUHVL %LOGLULOHU NLWDEÕ &LOW ,9,
Artvin, Turkey, 1368-1376 (in Turkish).

Received:
Accepted:

17.05.2018
11.10.2018

CORRESPONDING AUTHOR
Hamit Ayberk
øVWDQEXO8QLYHUVLW\
Faculty of Forestry
Department of Forest Entomology and Protection
6DUÕ\HU, Istanbul ± Turkey
e-mail: hayberk@istanbul.edu.tr

9140

Fresenius Environmental Bulletin

© by PSP

Volume 27 ± No. 12A/2018 pages 9141-9146

Fresenius Environmental Bulletin

THE CURATIVE EFFECT OF CONTRAST-ENHANCED
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of the lesion and unsuitable for surgical resection
patients. The intervention therapy has the advantage
of less trauma, rapidly administered and quickly
restore [2].
Most interventional therapy was finished in ultrasound guidance, and evaluated by the image
correlation technique. In comparison with conventional ultrasound, which has the limits of liver lesion detection and diagnosis, such as the emergence
of fuzzy images and misdiagnosed, the contrastenhanced multidetector computed tomography (CT)
and magnetic resonance imaging (MRI) are more
common evaluation methods [3]. Contrastenhanced ultrasound (CEUS) is the application of
ultrasound contrast medium to traditional medical
sonography. Ultrasound contrast agents rely on the
different ways in which sound waves are reflected
from interfaces between substances. One of the
advantages of CEUS is that ultrasound imaging
allows real-time evaluation of blood flow. Additionally, the diagnostic value of CEUS was widely
used in the diagnosis of PLC and interventional
therapy. However, the specific assessment combined with the application need to confirm. In this
study, we aim to evaluate the diagnostic value of
CEUS technique and its application for PLC patients with transcatheter arterial chemoembolization
(TACE) therapy. We also compare the CEUS technique with methodologies that have the highest
diagnostic performance, such as contrast-enhanced
CT, enhanced MRI.

INTRODUCTION

MATERIALS AND METHODS

The most frequent liver cancer in clinical practice, accounting for approximately 75%-85% of all
primary liver cancers, is primary liver cancer
(PLC). PLC, which has the characteristics of concealed, rapid progression, easy deterioration and
high fatality rate, is globally the sixth most frequent
cancer, and the second leading cause of cancer
death with the increasing rate. China is a high incidence of hepatitis country, with a high incidence
rate, which has a serious impact on the health of the
human body and mental [1]. At present, the intervention therapy is an important method for diagnosis and treatment of PLC, especially for the location

Baseline characteristics. During the study, a
total of 94 cases of hospital patients were admitted
to our hospital from May 2013 to October 2015, all
were diagnosed with primary liver cancer. There
were 56 males and 38 females, with a mean age of
(6.3 ±15.7) years. The mean weight was (63.5 ±
15.2) kg and course of disease was (1.5 ± 0.7)
years.
All patients were divided two groups, one
group was hepatocellular carcinoma for 60 cases
and another was bile duct cellular hepatocarcinoma
for 34 cases, based on the diagnosis of more than
two kinds of imaging study diagnosis (including

ABSTRACT
To evaluate the value of contrast-enhanced ultrasound (CEUS) technology for curative effect
evaluation of intervention treatment in patients with
primary liver cancer (PLC).
All 94 patients accepted the treatment of
transcatheter arterial chemoembolization (TACE˅
with CEUS detection.
After TACE treatment, the evaluation results
of CEUS detection were consistent with enhanced
CT, and the positive rate of CEUS detection is
higher, more sensitive, the total coincidence rate
was 68.3%; evaluation results of CEUS detection
were inconsistent with enhanced MRI, and the total
coincidence rate was 96.0%.The sensitivity of
CEUS, enhanced CT and MRI were 92.1%, 72.2%
and 93.7%, respectively; the false negative rate
were 4.8%, 10.3% and 4.0% ,respectively; the total
coincidence rate were 96.0%, 79.4% and 96.8%,
respectively. The sensitivity, false negative rate and
total coincidence rate of CEUS is obviously better
than the enhanced.
CEUS had curative effect evaluation after
treatment in PLC patients.
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In addition, at the same time, all patients were
taken an examination of conventional liver tissue
by enhanced CT and enhanced MRI, and the interval examination time was less than 1 week. All of
the above data were analyzed and diagnosed by 1-2
sonologists with more than 8 years of experience in
liver imaging.

CEUS), serum AFP examination, surgery, and puncture biopsy.
After diagnosed, all patients were received the
TACE therapy for 1 month (the time was more than
1 month compare to the last treatment), and then
taken a diagnosis of CEUS, enhanced CT and MRI.
:KDW¶VPRUHDOOSDWLHQWVZHUHUHFHLYHGWKHFOLQLFDO
follow-up, treatment, follow-up and correlation
pathologic for 3 months to 4 years

Observation index and evaluation standard.
The number of negative and positive lesions of all
patients were recorded before and after treatment
by TACE. The sensitivity, false negative rate and
total coincidence rate of all detection methods were
statistically detected according to the follow-up
results.
CEUS assessment standard [4]: the positive
was set as: There were different degrees of contrast
agents filling (low, middle and high) in arterial
phase and portal venous lesions, the delayed phase
contrast agent dissipated, with low enhancement or
enhanced, the signal of blood flow was obvious,
and the residual edge of focal lesion. The negative
was as: No filling of contrast agent was found in
lesions, boundary was clear, blood flow signal
disappeared, and focal lesions were completely
inactivated. If the results of local lesion images
were blurred or contrast was dissatisfied, the residual of tumor cells was defied as uncertain.

Instruments and methods. TACE treatment:
The supine position of patients was used. First, the
location was disinfected and draped, and then 5 ml
of 2% lidocaine was injected for local anesthesia.
The right femoral artery puncture point was obtained to set artery sheath, and the liver catheter
was inserted into the hepatic artery, celiac trunk,
and the left and right hepatic artery. The method of
angiography was applied to identify the location of
the tumor. The hepatic duct was extended to the
tumor feeding artery, and hepatic artery infusion
chemotherapy and embolization of tumor blood
vessels were carried out. After treatment, the catheter and the arterial sheath were pulled out.
General Company Logiq9 color Dopper ultrasonography was performed in this study with an
abdominal convex array probe (frequency: 2.8-5.0
MHz; probe model: C1-5). The mechanical index is
0.08-0.12, ensuring the consistency of depth, focus
and gain. SonoVue® (phospholipid microcapsule
six sulfur chloride) Contrast agent (Bracco company, Italy) was used, and 5 ml of 0.9% NaCl was
used to dilute SonoVue into suspensions, followed
by bolus injection through the cubital vein, and then
5 ml of 0.9% NaCl was used to flush the tube.
In order to acquire a preliminary diagnosis and
relevant image data, routine Doppler ultrasound
was performed to determine the information of
lesion size, position, number, boundary, internal
echo and blood flow of the tumor situation, etc, and
also to determine the artery flow velocity of tumor
feeding, and the artery vein fistula in frequency
spectrum. All of these were done before CEUS.
The ultrasonic probe was fixed to target lesions. The distance between the probes was less
than 10 cm, with more than 4 cm of normal liver
tissues was set aside as contrast, and then switching
to CEUS model. All the process was completed by
a health care professional. A 1.5 ml of the left elbow venous bolus was injected and started the timer. According to time after the injection of contrast
agent, the entire process was divided into 30 s after
the artery phase, 31-120s after door venation and
121-360s after the delay phase.
The probe was kept still, and the contrast
mode, filling and regression was switched for continuous observation for 6 min. The whole liver scan
and screening other suspicious lesions was conducted. The whole journey is about 10 min, and the
whole videos ware preserved.

Statistical analysis. Data were analysed by
6366  &RXQW GDWD XVLQJ Ȥ WHVW ZLWK WKH DS
pearance of rate. Measurement data were evaluated
using t test, and data were showed by ,x±s. N is on
behalf of the number of patients, and if the value of
P < 0.05 that means a significant difference between the groups. Measurement data using t test,
data were showed by ,x±s. N is on behalf of the
number of patients, and if the value of P < 0.05 that
means a significant difference between the groups.
The diagnostic results of CEUS, the accuracy and
consistency with other methods were evaluated by
Matlab 7.0.

RESULTS
CEUS examination results before treatment. A total of 126 lesions detailed record data
were acquired from the CEUS examination of 94
cases of patients. The angiography showed a fast
forward and fast outback, and contrast agent in
portal venous phase was clearance rapidly, and also
the ball package appeared in arterial with a mild,
diffuse enhancement, all of these were in line with
diagnostic criteria of the Europe Union of medical
and biological Societies alliance (ESUMB). Among
the 60 hepatocellular carcinoma (HCC) cases, 65
lesions were homogeneous enhanced in arterial
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phase homogeneous in 50 patients, and 18 lesions
were heterogeneous enhanced in another10 patients.
In the 18 lesions, including 4 lesions echo were
enhancement in portal venous phase and delayed
phase and 11 lesions were hypoechoic enhanced. In
34 cases of intrahepatic cholangiocarcinoma, 34
lesions in arterial phase homogeneous enhancement
were found in 27 patients, and 9 lesions in the arterial phase heterogeneous enhancement were found
in 7 cases, including 2 lesions echo were enhanced
in portal venous phase and delayed phase, 5 lesions
were hypoechoic enhancement.
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TABLE 1
Comparison of CEUS, enhanced CT and
enhanced MRI after interventional therapy in
all lesions (n)
Methods
CEUS
enhanced
CT
enhanced
MRI

Total
lesion

Positive

Negative

Uncertain

126

76*

43

7*

126

59

45

22

126

79

39

8

*P<0.05, vs the corresponding data in enhanced CT

Comparison of different imaging results after treatment. All patients were treated by TACE
for 1 month. After CEUS examination, the results
showed that 76 lesions had residual which were
positive, and 43 lesions were completely inactivated which showed as negative, another 7 lesions
were not identified. Positive lesions showed hyper
enhancement or equal enhancement, including the
way of peripheral ring enhancement and nodular
enhancement. 45 lesions displayed arterial phase
enhancement, portal venous phase and delayed
phase were hypoechoic enhancement. 22 lesions
showed enhanced equal arterial, portal venous and
delay phase lag hypoechoic enhancement. 7 lesions
were enhanced in the arterial phase, portal venous
phase and delay phase were also enhanced.
All the negative lesions had the characteristic
of "black hole", including without-contrast agent
which was obvious different from the surrounding
tissue, indicating that the tumor cells were completely inactivated. Because the image was blur, the
rest of the 7 lesions could not accurately determine
whether the tumor cells were residue. Through the
enhanced CT examination, 59 lesions showed lipiodol deposition reduce or showed patchy, and
significant enhanced was found in arterial phase
which indicated that residue of tumor cell, and the
result was positive. Equal distribution of lipiodol
deposition and no enhancement in arterial phase
were found in 45 lesions, which showed the result
was negative. For the impact of lipiodol and blurred
LPDJH LQ  OHVLRQV ZH FRXOGQ¶W DFFXUDWHO\ MXGJH
whether there was the residual tumor cells.
After enhanced MRI examination, there were
still residual in 79 lesions and the result was positive, 39 lesions were confirmed completely inactivated, and 8 lesions could not accurately determine
whether there were the residual tumor cells. Comparison of the results of CEUS and enhanced MRI
examination, no significant difference was found
(F2=1.068, P˚0.05). However, there was a significant difference between the results of CEUS and
enhanced CT examination ( F2=5.237, P˘0.05. The
results were showed in Table 1.

Comparison of results of CEUS and enhanced CT examination. The results of CEUS and
enhanced CT examination showed that there was a
significant difference (F2=5.237, P˘0.05 ), indicating a higher positive rate and more sensitive of
CEUS examination. The total compliance rate of
two methods was 68.3% (86/126). The results were
showed in Table 2.
TABLE 2
Comparison results of CEUS, enhanced CT
examination after interventional therapy (n)
CEUS
Positive
Negative
Uncertain
Total

enhanced CT
NegaPositive
Uncertain
tive
52
14
10
5
30
8
2
1
4
59
45
22

Total
76*
43
7*
126

*P<0.05, vs the corresponding data in enhanced CT

Comparison of results of CEUS and enhanced MRT examination. No significant difference was found between CEUS and enhanced MRI
examination (F2=1.068, P˚0.05). The total compliance rate of the two methods was 96.0%
(121/126) (P < 0.05), and the detection effect was
similar. The results were showed in Table 3.
The sensitivity, false negative rate and total
coincidence rate of different examination methods after interventional therapy. After 3 months
to 4 years of clinical follow-up, the results of follow-up and related pathological examination,
CEUS, contrast enhanced CT and contrastenhanced MRI were preliminary compared. The
sensitivity of CEUS, contrast-enhanced CT and
enhanced of MRI were 92.1%, 72.2% and 93.7%,
respectively. The false negative rate was 4.8%,
10.3% and 4.0% respectively, and total coincidence
rate was 96.0%, 79.4% and 96.8%. The sensitivity,
and the rate of false negative and total coincidence
between the CEUS and enhanced MRI examination
were more similar. While the results of CEUS examination were significantly better than that of
enhanced CT test (P < 0.05). All the results were
showed in Table 4.
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TABLE 3
Comparison results of CEUS, enhanced MRI examination after interventional therapy (n)
Enhanced MRI
CEUS
Total
Positive
Negative
Uncertain
Positive
76
0
0
76
Negative
2
39
2
43
Uncertain
1
0
6
7
Total
79
39
8
126
*P<0.05, vs the corresponding data in enhanced MRI

TABLE 4
Comparison of the sensitivity, false negative rate and total coincidence rate of different methods (n, %)
Methods
Lesions(n)
sensitivity
False negative
total coincidence rate
CEUS
126
116, 92.1*
6, 4.8*
121, 96.0*
enhanced CT
126
91, 72.2
13, 10.3
100, 79.4
enhanced MRI
126
118, 93.7*
5, 4.0*
122, 96.8*
*P<0.05, vs the corresponding data in enhanced CT

treatment of PLC patients treated by CEUS, and
provide suggestions for patients with PLC implementation interventional treatment and evaluation
after treatment.
Clinical data showed that the treatment outcome of liver cancer was mainly depended on in the
EORFNLQJ GHJUHH RI WXPRU WLVVXH¶V EORRG VXSSO\ ,Q
order to evaluate the efficacy, clinical symptoms
and the changes of biochemical and immune indexes were used to assess, such as color Doppler ultrasound, contrast-enhanced CT or contrast-enhanced
MRI, but each of the method has limits and drawbacks. However, compared to other examine metaphyses.
Contrast-enhanced
ultrasonography
(CEUS) is currently considered to be an imaging
modality offering new perspectives in the diagnosis
of liver disease [10]. CEUS has its unique advantages. Accordingly, HVAT as assessed by CEUS
is negatively correlated with severity of hepatic
fibrosis due to the associated hemodynamic alterations [11]. CEUS could be image by contrast agent,
which reflects the changes in hemodynamics and
human organ lesions [12-13]. This study indicated
that higher signal to noise ratio of blood flow were
found by CEUS, and the low flow were more likely
to accurately display in the tumor tissue. In the
VXEMHFWV RI WKH  OHVLRQV LW¶V REYLRXV WKDW DUWHU\
ball package was detected and these were mild and
diffuse enhancement, indicating better sensitivity
and specificity.
In practical application, usually evaluation of
intrahepatic the tumor interventional therapy was
diagnosed by enhanced CT. However, due to the
XVH RI LRGL]HG RLO LQ 7$&( WUHDWPHQW LW¶V HDV\ WR
block the tumor blood vessels and interfere the CT
imaging result [14]. CEUS, applied ultrasound
micro bubble as a blood vessel tracer, which overcomed obstacles of the tumor location, size and
others to the blood flow. This use of method made
more accurate observation of the blood vessel dis-

DISCUSSION
Primary PLC was difficult to diagnosis
through general test facility. Most patients were in
the secondary and tertiary PLC when clearly diagnosed. In addition, the proportion of patients who
was treated with surgery was less than 20% in advanced hepatic carcinoma [5]. Due to its minimally
invasive, rapid administrated, etc, the application of
TACE was obvious in secondary and advanced
hepatic cDUFLQRPD ZKLFK FRXOGQ¶W FXUH LQ VXUJLFDO
removal of the PLC [6]. The mainly therapy was
based on the pathway of the blood supply. The
blood of the tumor tissue was supplied by the hepatic artery which was different from normal liver
tissue, therefore the area of treatment was different.
Blood vessels was different in tumor tissue, such as
achondroplasia, the disorder of cell structure, less
developed smooth muscle, uneven blood vessel
diameter, slow blood flow, no nerve distribution
etc., resulting in embolic agent which made a selective embolization of tumor angiogenesis and little
effect on normal liver tissue. Therefore, ischemia
and necrosis tumor tissue was observed in the combined effect of chemotherapy and embolization [78].
Though TACE was a palliative treatment opWLRQVLW¶VGLIILFXOWWRHUDGLFDWHWXPRUFHOOV*HQHUDO
ly, multiple and repeated treatment were necessary
for TACE and the therapy should be based on the
SUHYLRXV WUHDWPHQW ,W¶V SDUWLFXODUO\ LPSRUWDQW WR
accurate assess the effect in each therapy [9]. At
present, different imaging diagnostic methods has
different principles, advantages and disadvantages,
especially the positive detection rate of TACE in
patients with PLC. As the rapid development of
CEUS in the liver imaging, it played an important
role in the diagnosis of liver cancer. The aim was
our study was the to evaluate the effect of
transcatheter arterial chemoembolization on the
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[2] Yuan, J.Y., Zhu, H., Zhou, Z.H., Sun, Y. (2013)
Clinical value analysis of contrast-enhanced ultrasound technology in the assessment of hepatic tumor interventional therapy. Chin J Clinicians. 4, 1479-82.
[3] Trillaud, H., Bruel, J.M., Valette, P.J., Vilgrain,
V., Schmutz, G., Oyen, R., Jakubowski, W.,
Danes, J., Valek, V., Greis, C. (2009) Characterization of focal liver lesions with SonoVueenhanced sonography: International multicenter-study in comparison to CT and MRI. World
J Gastroenterol. 15, 3748-56.
[4] Yuan, F., Deng, F.P., Lin, Q.P., Liang, L.H.,
Zhao, J.X., Zhang, W.X. (2013) Evaluation of
Contrast Enhanced Ultrasound for Treatment of
Liver Cancer with High Intensity Focused Ultrasound Combined with Transcatheter Arterial
Embolization. Practical Clinical Medicine. 04.
[5] Hennedige, T., Venkatesh, S.K. (2013) Imaging
of hepatocellular carcinoma: diagnosis, staging
and treatment monitoring. Cancer Imaging. 8,
530-47.
[6] Hu, Y.S., Zhu, Y., Xu, Y. (2015) Application of
real-time ultrasound contrast in the differential
diagnosis of benign and malignant liver lesions. J Prac Hepatol. 2, 197-8.
[7] Fan, Z.H., Chen, M.H., Dai, Y., Wang, Y.B.,
Yan, K., Wu, W., Yang, W., Yin, S.S. (2006)
Evaluation of primary malignancies of the liver
using contrast-enhanced sonography: correlation with pathology. AJR Am J Roentgenol.
186, 1512-9.
[8] Youk, J.H., Lee, J.M. and Kim, C.S. (2010)
Therapeutic response evaluation of malignant
hepatic masses treated by interventional procedures with contrast-enhanced agent detection
imaging. J Ultrasound Med. 22, 911-20.
[9] Li, X.Y. (2011) To evaluate the Ultrasound and
ultrasound examination in diagnosis value of
primary hepatocellular carcinoma and metastasis to liver cancer. Practical Clinical Medicine.
12, 87-9.
[10] Jang, J.Y., Kim, M.Y., Jeong, S.W., Kim, T.Y.,
Kim, S.U., Lee, S.H., Suk, K.T., Park, S.Y.,
Woo, H.Y., Kim, S.G., Heo, J., Baik, S.K., Kim,
H.S. and Tak, W.Y. (2013) Current consensus
and guidelines of contrast enhanced ultrasound
for the characterization of focal liver lesions.
Clin Mol Hepatol. 19, 1-16.
[11] Nicolau C, Ripollés T. (2012) Contrastenhanced ultrasound in abdominal imaging.
Abdom Imaging. 37, 1-19.
[12] Choi, D., Lim, H.K., Lee, W.J., Kim, S.H., Kim,
Y.H., Kim, S.H., Lim, J.H. (2011) Early assessment of the therapeutic response to radio
frequency ablation for hepatocellular carcinomas. J Ultrasound Med. 22, 1163-1172.

tribution and blood flow in liver cancer [15]. Report
showed that CEUS was a good way to quantitative
analysis of carcinoma tissue perfusion process,
analysis and compare time-intensity. In addition, it
had the function of displaying the real-time of contrast agent perfusion which results the accurate
quantitative. The blood flow of the tumor was tested by the area under the curve, indirectly reflecting
the angiogenesis and analyzing whether the tumor
will recurrence and metastasis [16]. Compared to
enhanced CT examination, this study showed that
the rate of positive detected by CEUS were higher
and more sensitive. The total coincidence rate was
68.3% (86/126) (P < 0.05), whereas, the evaluation
results of CEUS detection were inconsistent with
enhanced MRI (F2 = 1.068, P > 1.068), and the
total coincidence rate was 96.0% (121/126) (P >
0.05).In addition, the study showed that CEUS had
a high sensitivity and was enough to accurate identify residual tumor after treatment, especially to
evaluate TACE, giving a favor to post supplementation and ensuring that the tumor tissue was completely inactivated [17]. Our report showed that
sensitivity, false negative rate and the total coincidence rate of CEUS and contrast-enhanced MRI
was similar. Whereas, CEUS had a significantly
advantages in sensitivity, false negative rate and
total coincidence rate (P < 0.05).

CONCLUSION
Shortly, CEUS had the advantage of clearly
display the perfusion of the tumor, and its diagnostic accuracy of residual lesions is higher which
provide good support for the implementation of
interventional treatment and curative effect evaluation after treatment in PLC patients, which is worthy to the clinical application.
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INTRODUCTION

In response to the declining availability of natural resources to use as raw and construction materials, the use of waste materials partial or complete alternative of natural resources for the preparation of
lightweight aggregate (LWA) has been a hot topic of
research. This study investigated the possibility of
using the municipal solid waste incineration (MSWI)
fly ash, electrolytic manganese residues (EMR) and
Coal fly ash as materials to prepare LWA by a high
temperature sintering process. The uniform design
(UD) method was employed to design the experiments of LWA, and a quadratic regression method
was used to establish regression model for studying
the mixture ratio of raw materials and the properties
of LWA. The results indicated that the data were
well fitted by the regressed second-order polynomial
models, the interaction between the raw materials
was investigated. Optimum the mixture ratio of raw
materials to meet three response were obtained and
verified, EMR was 49.19%, MSWI fly ash was
12.91% and Coal fly ash was 37.90%. The pellets
were prepared according to this optimal recipe and
calcined at 1140 °C for 13 min to meet light - aggregate of GB/T 17431.2 - 2010 standard. The heavy
metal extraction values of LWA were all much lower
WKDQWKHVWDQGDUGGHVFULEHGLQ³,GHQWLILFDWLRQVWDQG
ard of hazardous waste-identification of leaching
toxicity (GB 5085.3 -  ´DQGWKH³ODQGILOOVWDQG
ard (GB 16889 -  ´achieving the dual purpose
of detoxification and utilization of MSWI fly ash and
EMR.

Incineration has become a widely applicable
disposal method for municipal solid waste (MSW)
treatment [1, 2] Municipal solid waste incineration
(MSWI) fly ash is one by-product of the combustion
of MSW which is categorized as hazardous material
mainly due to its containing toxic heavy metals and
other toxic compounds. The treatment of the MSWI
fly ash has attracted much attention in China due to
some of them re-entre the environment again, pollute
groundwater, soil and air, and cause secondary pollution under the influence of acid rain [3, 4].
An effective method proposed for decreasing
heavy metals leaching from MSWI fly ash is thermal
stabilization, which can be achieved using high temperature physicochemical reactions [5-8]. Well
known are the investigations in which the use of
MSWI fly ash mixed with other materials (clay,
shale, and other natural resources) was proposed for
the production of lightweight aggregate (LWA) [911].Obviously, intensive exploitation of non- renewable natural resources will threaten the survival and
development of humans in the long run [12].
Electrolytic manganese residues (EMR) derived from the electrolytic manganese metal (EMM)
industry is the main solid waste. As an electrolytic
manganese metal industry by-product, EMR mainly
contain valuable mineral resources such as SiO2,
Al2O3, and other oxides. The chemical compositions
of EMR make them suitable to use as the raw material for LWA. In addition, more recent studies
showed that there are certain amounts of soluble
heavy metal ions such as Cr3+, Cd2+, Zn2+, Cu2+, Pb2+
in EMR [13-15], which could become potential
sources of contamination if disposed of incorrectly.
It has been proved that the immobilization of heavy
metals could be achieved during the production process of ceramics [16]. Therefore, the EMR - based
porous ceramics are nonhazardous and valuable materials showing promising potential applications.
However, only a few study on preparation of

KEYWORDS:
municipal solid waste incineration fly ash, electrolytic
manganese residues, uniform design, heavy metals, lightweight aggregate
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Coal fly ash were dried to constant weight at 105°C,
then ground and passed through a 0.154 mm sieve.
The chemical characteristics of MSWI fly ash, EMR
and coal fly ash were measured by XRF at presented
in Table 1. The total concentrations of heavy metals
in the MSWI fly ash and EMR were determined by
digesting samples in a mixture of HNO3 and HCl
according to the SW-846 3052 method, and then
analyzing them according to the SW-846 6010C
method. The results were shown in Table 2.

LWA containing MSWI fly ash and EMR has been
reported in literatures. Especially, it could not be
seen that study have provided in-depth analyses of
the relationship between the ratio of raw materials
influencing properties of LWA. In general, Optimization through traditional experimental design methods, e.g. factorial and orthogonal array, requires altering one variable at a time to define independent
responses. This demands performing several experiments and numerous tests until the range at which
each variable meets desired criteria has been fully
determined [17]. Unfortunately, this process is timeconsuming. Furthermore, the properties of LWA are
possibility influenced by the interaction of different
experimental dopants. Due to the complexity of the
interactions between the raw materials, determining
the optimal mixture ratio to enhance the performance of LWA is difficult [18]. Thus, a systematic
research method should be adopted to investigate the
interaction between the factors and to determine the
optimal property balance point for global optimization.
$ W\SH RI GHVLJQ PHWKRG FDOOHG ³XQLIRUP GH
VLJQ´SURSRVHGE\)DQJ [19], has been chosen for
this study due to its advantages of space filling, robustness, multiple levels, and high manageability ,
with a regression model as follows: y = g(x1,
x2«[s İZKHUHWKHIXQFWLRQg is unknown and İ
is the random error. When the function g is a polynomial (of first-order or second-order), the corresponding models called a response surface model,
which can be visually depicted by a 2- or 3-dimensional diagram [20, 21], it revealed the multiple regression relationships that existed in the independent
variables and the dependent variables.
In this work, the uniform design method was
used to evaluate and optimize the performance of
LWA under different the raw materials mixture ratio, and the effects of the process parameters on several response functions. Consequently, the resulting
optimal mixture ratio to enhance the performance of
LWA was obtained.

Methods. Preparation of LWA. MSWI fly
ash, EMR and Coal fly ash samples were weighted
and then mixed with a mechanical running mixer.
The mixture was then pelletized to pellets with similar diameter of 10 - 15 mm by a pelletizer. The
formed samples were dried at 105°C in a blast
roaster for 24 h and then rapidly shifted into an electric tube furnace (SKQ-6 with a maximum temperature of 1700°C, the sintering temperature and sintering time may vary in different experiments). The
pellets were sintered for approximately 13 min until
the temperature rose to 1140 Ԩ. After the sintering
process, the pellets were naturally cooled until they
reached room temperature. It should be noted that
the temperature was first held at 600 °C for 15
minutes during sintering process to allow pyrolysis
and volatilization of the organic matter to avoid
breakage of LWA.
Characterization of LWA. Bulk density
(BD), Granule strength (GS), and 1h water absorption rate (WAT1h) were employed to characterize
the quality of the LWA. BD, CS and WAT1h were
all determined using an established procedure described by GB/T17431.2-2010 (China EPA 2010).
In compressive strength test, the single sintered
product was pressed down by Particle Strength Instrument until the sintered product was crushed, Particle Strength Instrument value as CS value. The values of WAT1h and BD were obtained as follows
(GB/T 17431.2-2010, China EPA 2010):
WAT1h = (m1-m0)/m0×100%

MATERIALS AND METHODS

Where m1 is the 1h saturated surface-dry weight of
the LWA bodies (g) and m0 is the dry weight of the
LWA bodies (g).

Raw Materials. The MSW fly ash used in this
experiment was sampled from Tongxing MSW
Incineration Plant, Chongqing, China. EMR used in
this experiment was sampled from Electrolytic
manganese metal plant, Chongqing, China. The Coal
fly ash used to increase the proportion of silica and
alumina came from Luohuang power plant,
Chongqing, China. The MSWI fly ash, EMR and

BD = (m0 ×1000)/V kg/m3

Where V is the volume of 1h saturated surfacedry LWA bodies (mL).

TABLE 1
Chemical composition of dried MSWI fly ash, EMR and Coal fly ash (dry weight basis).
Materials
MSWI fly ash
EMR
Coal fly ash

SiO2
3.43
36.35
66.04

Al2O3
0.80
9.37
16.07

Fe2O3
0.78
5.83
5.57
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MgO
1.14
6.15
2.44

CaO
41.11
13.12
2.92

K2O
6.63
2.18
4.41

Na2O
13.04
0.61
1.33
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TABLE 2
Heavy metal concentrations of the MSWI fly ash and EMR
Contents of Trace Elements
Content of trace elements in MSWI fly ash/mg·kg í1
Content of trace elements in EMR/mg·kgí1

Zn
6195
324.64

Cu
805.23
277.14

Cr
114.75
103.82

Cd
252.45
7.15

Pb
3383.24
1532.32

Mn
277.34
48825

TABLE 3
Proportioning scheme and Test results of LWA
No.

X1

X2

X3

Bulk density/(kg/m3)

Granule
strength/N

1 h water absorption/%

1
2
3
4
5
6
7
8
9
10
11
12
13

0.5603
0.5392
0.5189
0.5091
0.4901
0.4808
0.4718
0.4628
0.4540
0.4454
0.4285
0.4120
0.4040

0.1393
0.1255
0.1097
0.1610
0.1446
0.1990
0.1263
0.1821
0.1063
0.1634
0.1430
0.1210
0.1822

0.3004
0.3353
0.3714
0.3299
0.3653
0.3201
0.4019
0.3551
0.4397
0.3912
0.4285
0.4669
0.4138

687
719
752
725
746
712
772
732
802
752
774
812
735

571
643
678
659
687
525
673
583
637
626
587
551
427

6.42
5.31
4.45
7.53
5.78
11.56
5.82
10.02
6.41
8.41
7.22
8.67
10.83

Mixture uniform design. Uniform design
(UD) was used in designing this experiment to realize the performance optimization of the lightweight
aggregate under different the raw materials mixture
ratio For subsequent statistical analysis, Data Processing System (DPS Version 7.05) [22] software
was used to generate the regression model. In this
work, the EMR content ratio (X1), the MSWI fly ash
content ratio (X2) and the Coal fly ash content ratio
(X3) were chosen as three (The sum of the mass fraction of the three variables is 1) variables in the mixing process. To improve the accuracy of LWA performance (Y), the experiment was conducted using
U21*. The design method is as follows:
(1) Given s (factor number) and n (test times),
select the appropriate uniform design table Un*
(nsí1) or Un (nVí), which is denoted by qki.
(2) For each i, calculate Eqs. (1) and (2):
ܿ ൌ

ʹݍ െ ͳ
ǡ ݇ ൌ ͳ  ڮǡ  ݏെ ͳ
ʹ݊
ଵ

ିଵ

ͲǤͳ  ඥܿଵ ሺͳ െ ܿଶ ሻ  ͲǤʹ
ͲǤ͵  ඥܿଵ ܿଶ  ͲǤͷ
Calculate Eq. (3) and then select U21*(217) as
uniform design table to arrange experiment (Table
3).
Bulk density (BD), Granule strength (GS), and
1h water absorption rate (WAT1h) were selected as
the three dependent responses to represent the overall performance of the lightweight aggregate under
different the raw materials mixture ratio. During the
optimization process, the response variables were
fitted by a quadratic model, as shown in Eq. (4):


ୀଵ

ୀଵ

(1)

ୀଵ

ݔ௦ ൌ

ଵ
௦ି
ෑ ܿ ǡ ݇
ୀଵ

((4)

Where Y is the predicted response, n is the
number of variables, and xi is the independent variable that influences <ȕ0 ȕi ȕii and ȕij are the regression
coefficients.
The parameters of the response equations were
evaluated and the optimum reaction conditions for
each response were obtained, using the quadratic
polynomial stepwise regression method provided by
Data Processing System (DPS Version 7.05). The interactive effects of the independent variables on the
dependent variables were illustrated by three and
two-dimensional contour plots. Moreover, the validity of the optimal experimental was verified by three
additional experiments.

ଵ
௦ି

௦ିଵ

ୀଵ
ஸ

  ߚ ݔ ݔ

௦ି
ݔ ൌ ቆͳ െ ܿ
ቇ ෑ ܿ ǡ ݅

ൌ ͳǡ  ڮǡ  ݏെ ͳ



ܻ ൌ ߚ   ߚ ݔ   ߚ ݔଶ

((2)

ൌ ͳǡ  ڮǡ ݊

ݔଵ  ݔଶ  ݔ ڮ௦ ൌ ͳ
With the aim to incorporate as much MSWI fly
ash as possible meanwhile ensuring the characterization of ceramic pellets meeting the relevant standards of light-weight aggregates, the ratio ranges of
three types of raw materials (dry ratio) were controlled as follows:
EMR (X1 ;
MSWI fly ash (X2 ;
Coal fly ash (X3 ;
According to Eq. (2), there is
((3)
ͲǤͶ  ͳ െ ඥܿଵ  ͲǤ

RESULTS AND DISCUSSION
Results analysis of Mixture uniform design.
Experiment and test results were given in Table 3.
The results showed that the distribution of the bulk
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TABLE 4
The correlation indices of the quadratic polynomial stepwise regression analysis.
Dependent variables
Y1
Y2
Y3

Ra
0.9963
0.9840
0.9858

Overall F
325.7802
74.1561
104.3559

P
0.0002
0.0116
0.0015

S
3.0392
13.3234
0.3704

Durbin-Watson
2.46
2.18
2.34

TABLE 5
Significance of regression coefficients for the responses
Variables
X1
X2
X3
X12
X22
X32
X1X2
X1X3
X2X3

Y2

Y1
t-value
3.2783
ņ
2.5248
4.5816
ņ
ņ
ņ
2.6737
1.4707

p-value
0.0112
ņ
0.0355
0.0018
ņ
ņ
ņ
0.0282
0.1796

t-value
6.1635
6.1164
ņ
ņ
ņ
6.2083
7.9921
1.7046
ņ

density in the range of 687 kg/m3 to 812 kg/m3, the
distribution of granule strength in the range of 427N
to 687N, one hour water absorption distribution in
the range from 4.45 % to 11.56%.
The correlation indices of the regression analysis results are shown in Table 4, in which the statistical terminologies are defined as follows: Ra is the
adjust correlation coefficient, F is the overall F-statistic, P is the probability, S is the residual standard
deviation and Durbin±Watson is the Durbin±Watson
statistic. If the value of Ra is close to 1, the value of
P is less than 0.05 and the value of Durbin±Watson
is close to 2; this means the result of regression analysis has statistical significance [23].

Y3
p-value
0.0003
0.0003
ņ
ņ
ņ
0.0003
0.0001
0.1267
ņ

t-value
ņ
6.3033
ņ
8.1156
5.8658
ņ
ņ
5.9401
ņ

p-value
ņ
0.0001
ņ
0.0001
0.0002
ņ
ņ
0.0002
ņ

conditions for the minimum bulk density were estimated to be the following: X1 is 0.5603, X2 is
0.1393, X3 is 0.3004, the minimum bulk density is
689 kg/m3.
A response surface was used to illustrate effect
of raw materials mixture ratio on bulk density of
LWA. The relationship between independent and
dependent variables was illustrated in a 3- dimensional representation of the response surface. Figure.1b presents the response surface of the quadratic
model (Eq.(5)) when the bulk density of LWA was
selected as the response, X1 (EMR content ratio) and
X2 (MSWI fly ash content ratio) were varied within
the experimental ranges and X3 (Coal content ratio)
was maintained at the optimal level.
As shown in Figure. 1b with the increase of the
two variables, there was a minimum value for the
bulk density of LWA, which could be evidenced by
the peak in the response surface. With the increase
of the ratio of MSWI fly ash and Coal fly ash, the
bulk density of LWA decreased while the EMR was
maintained constant; similarly, with the increase of
the ratio of EMR and Coal fly ash, it decreased while
the MSWI fly ash was maintained constant. Such behavior could be attributed to the following reasons:
firstly, could be due to the fact that the expansion
and bloating occurred by the entrapment of gases in
the melted liquid phase, resulting from volatilization
of certain components of the MSWI fly ash and
EMR that would result in reducing the shrinkage.
Secondly, the bulk density of Coal fly ash was relatively large, and its ignition loss is low, which was
only 3.4%. There was little volatile gas in the process of roasting. Therefore, with the increase of content of coal fly ash content, not only the weight of
LWA was increased, but also the voidage of LWA
was reduced.

Effect of raw materials mixture ratio on
bulk density of LWA. The bulk density (BD) was
one of the important indexes for characterizing the
performance of LWA. According to Table 3, a mathematical relationship (Eq. (5)) between the bulk density (BD) and three variables was obtained using the
stepwise regression method˖
Y1=-1349.1879+7473.1450X1+2244.9145X36725.8963X12-3798.1509X1×X31728.2977X2×X3
(5)
The results of Ra =0.9963, p =0.0002<0.05 and
Durbin-Watson=2.46 for bulk density of LWA
showed that the obtained equation was significant
and fitted the experimental results well. Thus, the response was sufficiently explained by the model. This
was confirmed by Figure. 1a, in which the observed
values versus the predicted values were plotted.
Most of the points were distributed near the diagonal
where the measured and predicted the bulk density
of LWA were the same, indicating the regression
equation was able to well predict the bulk density of
LWA. The significance of each coefficient was determined using Student's t-test and the p value in Table 5. The corresponding variables will be more significant if the absolute t value is larger and the p
value is smaller [24]. From Eq. (5), the optimal

Effect of raw materials mixture ratio on
granule strength of LWA. According to Table 3,
the regression model (Eq. (6)) which described the
effect of three variables on granule strength of LWA
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(b)
FIGURE 1
(a): The relationship of bulk density of LWA between the predicted and measured; (b): The response
surface and contour plots for the effects of the MSWI fly ash and EMR on bulk density of LWA.
(a)

(a)

(b)
FIGURE 2
(a): The relationship of Granule strength of LWA between the predicted and measured;
(b): The response surface and contour plots for the effects of the MSWI fly ash and EMR on Granule
strength of LWA.
was obtained by using the stepwise regression
method:

maximal value of granule strength was estimated to
be 699 N.
With the values of granule strength as the response, the response surface (Figure.2b) was generated using the quadratic model with two variables
within experimental range. The significant interactive effects between the MSWI fly ash (X2) and
EMR (X1) on the granule strength of LWA were
shown by the tortuous surface and oval contour plot
in Figure.2b. A tendency of the granule strength of
LWA was exhibited first increase and then reduced
as the ratio of EMR and Coal fly ash increased while
the MSWI fly ash at a certain value. When the content of MSWI fly ash exceeds 0.15, the granule
strength of LWA significantly decreased. When the
content ratio of electrolytic manganese slag was
about 0.4919, the maximum value of the granule
strength of LWA appeared. This result was due to

Y2=27147.5257-32904.5320X1-55251.7517X233299.8062X32+51846.0859X1×X2-8791.2297X1×X3
(6)

The results of Ra =0.9840, p =0.0116<0.05 and
Durbin-Watson=2.18 for granule strength of LWA
showed that the obtained equation was significant
and fitted the experimental results well. Figure.2a
shew that the measured versus predicted values were
evenly distributed near the diagonal, indicating the
regression equation was able to well predict the bulk
density of LWA. The significance of each coefficient was listed in Table 5. From Eq. (6), the optimal
conditions for the maximal granule strength of LWA
were calculated to be the following: EMR (X1) was
0.4919, MSWI fly ash (X2) was 0.1291, Coal fly ash
(X3) was 0.3790. Under these conditions, the
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The response surface in Figure.3b indicated the
interaction effects between EMR and MSWI fly ash
on the1 hour water adsorption of LWA. The 1 hour
water absorption of LWA showed a trend of decreasing first and then increasing as the content of MSWI
fly ash and EMR increased. With the increase of the
ratio of EMR and Coal fly ash, the 1h water adsorption of LWA decreased while the ratio of MSWI fly
ash was maintained between 0.1 to 0.2. Mainly due
to the content of MSWI fly ash at a relatively low
level, contrarily, the increase the proportion of the
Coal fly ash reduced the porosity of LWA. As previously mentioned, the loss rate of MSWI fly ash and
EMR were high. With the increase of their proportion, the porosity of LWA was increased and the 1h
water absorption rate was increased.

the high content of silicon aluminum oxide of EMR
and Coal
fly ash provided strength to LWA in the sintering
process, but with the ratio of EMR / Coal fly ash increasing, the content of silicon aluminum oxide in
LWA decreased continuously, which lead to the decrease of the strength of LWA.
Effect of raw materials mixture ratio on 1
hour water adsorption of LWA. In this experiment, the statistical model was developed by applying the multiple stepwise regression analysis method
(Eq. (7)) using the observed data for the 1 hour water
adsorption of the LWA (listed in Table 3), which
could be described as:
Y3=115.1771-358.0442X253.2732X12+847.9056X22-347.7647X1×X3

Optimization experiments. In this work, the
optimizations of three individual responses, i.e., the
bulk density of the LWA, the granule strength of
LWA and the 1h water adsorption of LWA, were
achieved under different optimal conditions. Hence,
a compromise among the conditions for the three
responses should be desirable. To take the responses
into overall consideration and to obtain a
compromise among the multiple-response optimal
reaction conditions, the plots of contours for the
three responses were overlapped and were presented
in Figure.4, which provided the permissible values
of two variables (ratio of MSWI fly ash and ratio of
EMR). To find out the optimal LWA at which the
desirable mechanical and physical of the properties,
it was better to run an optimization study. Hence,
three confirmation experimental points (red points in
Figure.4), which were located in the compromised
multiple-response optimal conditions, were chosen,
and the results (Table 6) suggested a good agreement
with the prediction.

(7)
The coefficient of determination Ra of the predicted model was 0.9858, P=0.0015<0.05 and Durbin-Watson=2.34. Again, the experimental values
were scattered near the diagonal as show in Figure.3a. The significance of each coefficient of Eq.
(7) was listed in Table 5. From Eq. (7), the optimal
conditions for the 1h water adsorption were obtained
as follows: EMR (X1) of 0.5298, MSWI fly ash (X2)
of 0.1033 and Coal fly ash (X3) of 0.3669. Under the
optimal conditions, the 1h water adsorption should
remain at 4.69 %. As shown in Figure.3b, the response surface of the quadratic model while the 1
hour water adsorption as the response, the response
surface (Figure.3b) was generated using the quadratic model with two variables within experimental
range.

(b)
FIGURE 3
(a): The relationship of 1 hour water adsorption of LWA between the predicted and measured;
(b): The response surface and contour plots for the effects of the MSWI fly ash and EMR on 1 hour water
adsorption of LWA.
(a)
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TABLE 6
Observed and predicted values for the confirmation experiments under the optimal conditions.
Run
14
15
16

Optimal conditions
MSWI fly
Coal fly
EMR
ash
ash
X1

X2

X3

0.5603
0.4919
0.5298

0.1393
0.1291
0.1033

0.3004
0.3790
0.3669

Bulk density
(kg/m3)
ObPredicted
served
673
689
741
758
734
742

Responses
Granule strength
(N)

1 h water adsorption
(%)

Observed

Predicted

Observed

Predicted

587
713
647

576
699
653

6.64
5.12
4.34

6.50
5.36
4.69

FIGURE 4
The overlay plots of contours for the three responses.

(a)

(b)
FIGURE 5
(a) Appearance and of the LWA products; (b) Structure of the LWAs section
Cd 0.02mg/L, Cr 0.07mg/L, Zn 1.95 mg/L and Mn
62.91mg/L, respectively. The seven heavy metals
can meet the leaching limit value. The reasons could
be simply divided into two categories: 1) The
majority of the volatile heavy metals such as Hg and
Pb are evaporated and the inactive part is difficult to
extract; 2) As to difficult volatile heavy metals, Cd,
Cr, Cu, Zn, during the sintering process, it was
wrapped or trapped into a new phase structure. Acid
extractable materials which jeopardized human and
the environment mostly transformed to another three
speciation - iron oxide occluded, organically
bounded and residua were relatively stable. Hence,
utilization of MSWI fly ash to make glazed LWA
was an effective way to stabilize heavy metals.

The requirements of the light - weight
aggregate of GB/T 17431.2 - 2010 standard could be
met by the LWA prepared by the ratio of raw
materials of group 15. Sample appearances were
shown in Figure. 5.
Leaching toxicity analysis. Leaching results
of heavy metals from sintered LWA based on the
optimal ratio of material were given in Table 7. The
heavy metal extraction values of LWA are all much
ORZHUWKDQWKHVWDQGDUGGHVFULEHGLQ³,GHQWLILFDWLRQ
standard of hazardous waste-identification of
leaching toxicity (GB 5085.3 -  ´ DQG WKH
landfill standard (GB 16889 - 2008). The contents of
six heavy metals are Cu 4.31 mg/L, Pb 0.11 mg/L,
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The highest heavy metal concentrations in the
sediments were Pb, ranging from 4.74ᄙ 7.68 mg/kg.
The highest Cd concentrations were detected in the
seagrass leaves with a range of 1.76ᄙ 2.44 mg/kg,
while the highest Pb concentrations in the seagrass
roots ranged from 1.94ᄙ 6.52 mg/kg. Bidayani et al.
[2] stated that Pb concentrations in the seagrass roots
ranged from 0.34±0.08-3.04±0.11 ppm, in the rhizomes ranged from 0.11±0.00-3.01±0.08 ppm, and
in the leaves ranged from 0.26±0.03-0.94±0.07 ppm.
The Pb concentrations in water ranged from
0.02±0.01-0.07±0.01 ppm and in the sediments
ranged from 1.55±0.10-19.58±0.03 ppm. Seagrasses
have the ability to accumulate heavy metals in marine waters [3, 4, 5, 6, 7]. Seagrasses are major producers, bioindicator to monitor the presence of heavy
metals, and heavy metal absorber in marine waters
either through the leaves, rhizomes, or roots. This
proves that seagrasses have a response to lead (Pb)
contamination in the waters and can absorb and accumulate the metal on the body parts. However, there
has been no qualitative research showing the impact
of heavy metals on seagrasses in Bangka Belitung.
Various studies have been conducted on some terrestrial plants and focusing on roots as plant organs that
absorb lead in the soil [8-9]. Water plants are also
affected by heavy metal pollution [10]. Tupan et al.
[11] stated that seagrass Thalassia hemprichii had
the ability to absorb heavy metals and changes in the
root, rhizome, and leaf tissues.
High toxicity levels in lead (Pb) may cause enzyme activity changes, water imbalances, membrane
permeability changes, and impaired mineral concentrations. Lead (Pb) toxicity can also cause oxidative
stress leading to cell damage [12]. Given the potential side effects on the environment and human
health, these substances are very alarming [13-14].
Seagrasses can reduce heavy metal pollution in
waters. These plants can be used as the first level indicator to monitor the presence of heavy metals in
coastal environments [15]. An appropriate alternative for measuring toxic chemical compounds, elements, or their metabolites in tissues (biomonitoring)
provides overall performance including the availability of pollutants in an integrated manner [16]. Biomonitoring has been widely used to study metal
contamination in algae and marine invertebrates, es-

ABSTRACT
Cymodocea serrulata is used to examine the accumulation of heavy metal uptake in the seagrass tissues and its impact on the anatomical changes of the
seagrass tissues. Heavy metal analysis on water samples, sediments, and seagrass used Atomic Adsorption Spectrophotometer (AAS), while seagrass tissue
anatomical analysis used Olympus BX51 Digital Imaging Microscope. The analysis result of lead (Pb)
concentrations in water and sediments in South
Bangka were sediments>water, while in Ketawai Island were sediments>water. Lead (Pb) concentrations in the seagrass in South Bangka were the
roots>rhizomes>leaves, while in Ketawai Island
were the leaves>roots>rhizomes. The seagrass anatomical structure showed that the higher the lead
concentration entering the seagrass body part, the
higher the thickening on the endodermis and
exodermis cell walls of the roots and rhizomes, as
well as on the cuticles and the leaf epidermis. In general, the occurring anatomical change is one of the
plant strategies to minimize the translocation of lead
in the seagrass Cymodocea serrulata tissues, and it
is found that seagrasses have a high tolerance to
heavy metals.

KEYWORDS:
Seagrass, Cymodocea serrulata, heavy metal, lead, anatomical response

INTRODUCTION
Tin mining activities in Bangka Belitung Province directly or indirectly put significant pressure on
the decreasing quality of seawater, sediments, fish
resources, and another marine biota. In addition to
mining activities, coastal activities such as
ports/docks, settlements, boat transportation, and
tourist destinations can cause environmental damage
and contain hazardous materials, including heavy
metal elements. Lead (Pb) is one of those heavy
metal elements.
Based on previous research in quantitative
terms, [1] showed that Cd concentrations in water
were higher than Pb with a range of 0.29ᄙ 0.39 mg/l.
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Observation Procedures of Roots, Rhizomes,
and Leaves Anatomical Analysis of Seagrass Cymodocea serrulata. Sampling for testing the tissue
anatomy of seagrass Cymodocea serrulata histology
was taken from the field. The seagrasses were separated from the roots, rhizomes, and leaves, cleaned
with distilled water, and immersed in FAA solution
(Formaldehyde Acetic Acid), which acted as a fixation. The purpose of this fixation was to get the same
tissues as the original and to make a semi-permanent
preparation. The preparation was according to the
modified Ruzin¶Vmethod [23]. The histologic preparation used fresh preparations fixed and crosslinked using stainless steel and placed between two
cassava or carrot cork blocks using a microtome
(Euremex MT.5503 clamp on the hand microtome).
After being cut thin, the preparations were immersed
with1% safranine for ±5 minutes. After safranine
staining, the samples were rinsed with distilled water
to prevent any impurities attached to the samples.
The preparations were placed on the object glass,
given glycerin, and covered with a glass cover. The
anatomic analysis was performed using a light microscope. Measurements were performed on the
exodermic thickness, the root endodermis, the rhizome epidermis and endodermis thickness, and the
leaf abaxial and adaxial epidermis thickness. This
observation was performed using the Olympus
BX51 Digital Imaging Microscope.

pecially in shells [13, 16]. Seagrasses are sea angiosperms suitable for metal biomonitoring [17-19]. In
addition, seagrasses have a high bioaccumulation capacity of metals to interact directly with water columns (through leaves) and sediments (through
roots), thus becoming a good bioindicator. The purpose of this research was to examine the lead concentrations in seagrasses and the impact on the tissue
anatomy of seagrass Cymodocea serrulata.

RESEARCH METHODS
This research was conducted in July 2017. The
research location was Bangka Belitung Province.
The research location was chosen based on survey
method. The location of the observation was divided
into 2 locations, i.e. Central Bangka Regency in
Ketawai Island and South Bangka Regency in Tukak
Beach. Each observation location was divided into 3
observation stations, so the total observation stations
were 6 observation stations. The secondary data
were obtained from research and journal.
Analysis of heavy metal concentrations. The
analysis of metals in water and sediments was based
on standard method procedures [20] while analysis
of heavy metals in biota tissues was based on SNI
2354.5: 2011. Sample preparation procedure was
modified from Sarong et al. [21].

Statistical Analysis. Data were analyzed with
SPSS program version 21. Before being analyzed,
data were first tested for normality, homogeneity,
and nonadditivity as the requirements for ANOVA
test.

Metals on water. A 100 ml sample of ±1 ml of
HNO3 was boiled and evaporated in the hot plate to
10-20 ml sample volume and added by HNO3 for
preservative and solvent, if necessary, until the destruction was completed (clear solution). Addition of
distilled water produced 100 ml sample volume. It
was measured by Thermo Scientific ICE 3000 AAS.

RESULTS AND DISCUSSION

Metals on sediments. Sediments samples were
dried in an oven at 105϶C for 12 hours, weighed for
0.5 grams, and added by 100 ml of distilled water, 1
ml of HNO3 and 10 ml of HCl. The destruction was
done by adjusting the microwave program. The resulting destruction was transferred to a 50 ml flask.
The results of the further treatment were analyzed by
Thermo Scientific ICE 3000 AAS [22].

Lead Concentrations in Water and
Sediments at Different Locations in Bangka Belitung. Lead (Pb) concentrations in water and
sediments in Bangka Belitung Islands Province, especially in South Bangka Waters and Ketawai Island, can be seen in Table 1. The lead (Pb) concentrations in seawaters in South Bangka were the highest at station 2 of 0.079 mg/L and the lowest concentrations were at station 3 of 0.001 mg/L. The highest
lead (Pb) concentrations in Ketawai Island were at
station 3 of 0.375 mg/L and the lowest concentrations were at stations 1 and 2 of 0.001 mg/L (Figure
1). The highest heavy metal concentrations in
sediments in South Bangka were at station 2 of 8.364
mg/L and the lowest concentrations were at station 1
of 3.870 mg/L. The highest lead concentrations in the
sediments on Ketawai Island were at station 3 of
3.872 ppm and the lowest concentrations were at station 2 of 1.536 ppm (Figure 2).
Lead concentrations in water yielded ChiSquare test statistic of 2.027 with a probability of

Metals on seagrass. The seagrass Cymodocea
serrulata samples were dried, weighed, and blended
until smooth. The samples were weighed for 1 gram,
put into 25 ml beaker glass, added by 5 ml of HNO3
5M, and stirred and heated with a hot plate until dissolved. The samples were then lifted and cooled for
15 minutes. The cold filtrates were filtered with
Whatman filter paper into a 50 ml measuring cup until the filtrates were filtered out, added by distilled
water, then ready to be analyzed.
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concentrations in sediments. The results of the above
analysis showed that Tukak Beach produced the
highest lead (Pb) concentrations in sediments and
significantly different with Tanjung Kerasak and
Tanjung Kemirai. Tanjung Kerasak produced the
lowest lead (Pb) concentrations in sediments and significantly different with Tukak Waters, but not significantly different with Tanjung Kemirai.
Testing the effect of the stations on the lead
(Pb) concentrations in sediments yielded statistical
test of Chi-Square of 0.622 with a probability of
0.733. Since probability>alpha (5%), H0 was accepted. Therefore, it can be stated that the stations
had no significant influence on the lead (Pb) concentrations in the sediments.

0.363. Since probability>alpha (5%), H0 was accepted. Therefore, it can be stated that the locations
had no significant influence on the lead concentrations in water.
Testing the effect of the station on the lead (Pb)
concentrations in water yielded a statistical test of
Chi-Square of 3.840 with a probability of 0.147.
Since probability>alpha (5%), H0 was accepted.
Therefore, it can be stated that the stations had no
significant influence on the lead (Pb) concentrations
in water.
To determine the effect of locations on the lead
(Pb) concentrations in sediments, Bonferroni Test
was used with criterion if one pair of the location
yielded probability  level of significance (alpha=5%), hence the location influenced lead (Pb)

TABLE 1
Changes of 5RRW$QDWRPLFDO6WUXFWXUH ȝP C. serrulata in Bangka Belitung
Root Tissues

Epidermis Thickness

Endodermis Thickness

Location
South Bangka
ST.1
ST.2
ST.3
Ketawai
ST.1
ST.2
ST.3
South Bangka
ST.1
ST.2
ST.3
Ketawai
ST.1
ST.2
ST.3

Changes of Root Anatomical Structure (μm)
12.674 ± 1.899
23.851 ± 3.163
14.714 ± 5.331
8.353 ± 1.494
16.694 ± 7.251
16.093 ± 4.394
9.438 ± 1.036
10.935 ± 1.398
9.880 ± 1.652
10.944 ± 2.937
8.770 ± 1.613
10.550 ± 1.845

FIGURE 1
Lead (Pb) Concentrations Value on Water in Bangka Belitung Province
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FIGURE 2
Lead (Pb) Concentrations Value on Sediments in Bangka Belitung Province

FIGURE 3
Lead (Pb) concentrations on the Seagrass Roots in Bangka Belitung Province

FIGURE 4
Lead (Pb) concentrations on Seagrass Rhizomes in Bangka Belitung Province
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FIGURE 5
Lead (Pb) concentrations on Seagrass Leaves in Bangka Belitung Province
Testing the location effect on lead (Pb) concentrations in rhizomes yielded Chi-Square statistical
test of 1.156 with a probability of 0.561. Since probability> alpha (5%), H0 was accepted. Therefore, it
can be stated that the locations had no significant influence on the lead (Pb) concentrations in rhizomes.
Examination of the influence of the station on lead
(Pb) concentrations in rhizomes yielded Chi-Square
statistical test of 1.867 with a probability of 0.393.
Since probability> alpha (5%), H0 was accepted.
Therefore, it can be stated that the stations had no
significant influence on the lead (Pb) concentrations
in rhizomes.
Testing the effect of locations on lead (Pb) concentrations on the leaves yielded F test statistic of
8.471 with a probability of 0.036. Since probability
was 0.036 <alpha (5%), H0 was rejected. Therefore,
it can be stated that the location had a significant influence on the lead (Pb) concentrations on the leaves.
While testing the effect of the stations on the lead
(Pb) concentrations on the leaves resulted in F test
statistic of 2.931 with a probability of 0.164. Since
probability was 0.164> alpha (5%), H0 was accepted. Therefore, it can be stated that the stations
had no significant influence on the lead (Pb) concentrations on the leaves.

Lead (Pb) Concentrations on Seagrass Cymodocea serrulata at Different Locations in
Bangka Belitung. Figures 3, 4, and 5 present the
lead (Pb) concentrations in seagrass roots, rhizomes,
and leaves in Bangka Belitung Islands Province, especially in South Bangka Waters and Ketawai Island. The highest lead (Pb) concentrations on the
seagrass roots in South Bangka Waters were at station 2 of 1.536 ppm and the lowest concentrations
were at station 1 of 0.001 ppm. The highest lead (Pb)
concentrations on the roots in Ketawai Island were at
station 3 of 2.792 ppm and the lowest concentrations
were at station 1 of 0.456 ppm. The highest lead (Pb)
concentrations on the rhizomes in South Bangka
were at station 3 of 1.896 ppm and the lowest concentrations were at station 1 and 2 of 0.001 ppm. The
highest lead (Pb) concentrations on the rhizomes in
Ketawai Island were at station 2 of 2.792 ppm and
the lowest concentrations were at station 1 of 0.001
ppm. The lead (Pb) concentrations on the leaves in
South Bangka were similar at stations 1, 2, and 3 of
0.001 ppm and the highest lead (Pb) concentrations
in Ketawai Island were at station 2 of 2.792 ppm and
the lowest concentrations of 1.896 ppm. Table 2 presents these results.
Testing the effect of location on the lead (Pb)
concentrations on the roots yielded F test statistic of
23.328 with a probability of 0.006. Since the probability is 0.006<alpha (5%), H0 was rejected. Therefore, it can be stated that the locations had a
significant influence on the lead (Pb) concentrations
on the roots. While testing the effect of the station on
the lead (Pb) concentrations on the roots yielded F
test statistic of 0.808 with a probability of 0.507.
Since probability is 0.507> alpha (5%), H0 was accepted. Therefore, it can be stated that the stations
had no significant influence on the lead (Pb) concentrations on the roots.

Anatomical analysis of C. serrulata Roots,
Rhizomes, and Leaves in the Field. Anatomical
analysis of Cymodocea serrulata Roots. Lead (Pb)
found in the root tissues of seagrass Cymodocea
serrulata caused changes in tissues exposed to lead
(Pb). In this research, the seagrass root tissues under
study was the thickening of epidermal and endodermic tissues.
Table 1 shows that the higher the lead found in
South Bangka and Ketawai Island, the thicker the
exodermic and endodermic layers are (Figure 1).
This suggests that the accumulation of heavy metals
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can accelerate the maturation of exodermic and endodermic tissues. The loss of the root epidermal
layer and the replacement with the exodermis occurs
in plants such as Ramunculus sp. [24]. Introduction
of "Research with various types of plants, such as
barley, Hordeum vulgare L., wheat, Tuiticum sativum L. [25], lettuce, Lactuca sativa L. [26], radish,
Raphanus sativus L [27], red onion, Alliunz cepu L.
[28] and other species [8] have shown that lead enters the root system passively and moves in plants
apoplastically through a water regulatory system and
transportation lines. This also occurs in Thalassia

Fresenius Environmental Bulletin

hemprichii [11]. Changes in shape and cell organizations indicate the disruption of heavy metals in maturation disorders at roots caused by heavy metal capabilities in disturbing hormone balance [29-30]. Cd
and Pb affect root morphology and heavy metal accumulation in cell walls can decrease plasticity and
thus decrease cell lengthening [31]. Lead comes primarily from the thin epidermal cell walls in the meristematic area. Only a small amount of lead enters
the protoplasts, especially in the early stages of cell
development. However, the accumulation of lead inside the cell walls increases with cell maturation [8].

TABLE 2
Changes in the Anatomical Structure of Cymodocea serrulata Rhizomes in Bangka Belitung
Rhizome Tissues

Epidermis Thickness

Endodermis Thickness

Location
South Bangka
ST.1
ST.2
ST.3
Ketawai
ST.1
ST.2
ST.3
South Bangka
ST.1
ST.2
ST.3
Ketawai
ST.1
ST.2
ST.3

Changes in the Anatomical Structure of Rhizomes (μm)
40.041 ± 1.082
40.225 ± 4.965
50.504 ± 9.468
30.106 ± 2.429
40.341 ± 5.722
36.939 ± 3.933
23.314 ± 1.403
21.532 ± 1.321
22.332 ± 3.033
17.189 ± 1.796
21.002 ± 3.866
19.494 ± 2.121

FIGURE 6
Changes of Root Anatomical Structure in South Bangka and Ketawai Island
Description: A, B, C show changes in ex (exodermis), ed (endodermis), and mc (middle cortex) in South Bangka (arrow). D,
E, F show changes in ex (exodermis), ed (endodermis), and mc (middle cortex) in Ketawai Island (arrow).

The thickening of exodermic and endodermic
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found in South Bangka and Ketawai Island, the
thicker the exodermic and endodermic layers of the
seagrass rhizomes are. According to Tung & Temple
[8], the accumulation of lead inside the cell walls increases as the cells mature.
In Figure 7, the thickness of the epidermic and
endodermic layers in the seagrass Cymodocea
serrulata rhizomes increases with the degree of
heavy metal accumulation. Rhizomes or stems have
a longer time to accumulate lead (Pb) stored in tissues than in leaves or fruits [35-36] stated that in Potamogeton sp water plants changes in the stems, i.e.
the shape, size, and arrangement of cortical parenchyma cells were found. It was due to the disturbance
of heavy metals in the stems because the heavy metal
interfered with hormone balance in plants. There was
an indication that the change was caused by heavy
metals bound cell walls and intercellular space.

tissues in seagrass Cymodocea serrulata is an indication of the seagrasses in minimizing lead translocation to other tissues. This is supported by the claim
that in B. decumbens, the thickening of the xylem element cell walls and the cortical parenchyma cells in
the roots is another anatomical adaptation to heavy
metal toxicity. Several authors have argued that
plants have the capacity to bind heavy metals in cell
walls which are protective actions against the adverse effects of heavy metals by reducing the amount
of cytosolic heavy metals [32-33]. According to
Gomes et al. [10], heavy metal contamination accelerates cell wall maturation in exodermis and endodermis. The loss of epidermal tissues is due to
exodermic tissues thickening and exodermic cell
walls maturation. During stress, the growth rate of
the roots decreases and the endodermis and exodermis develop closer to the root ends. In two cases,
stress is known to induce the exodermic formation,
and in some cases accelerate the development of
exodermis and endodermis [34].

Anatomical Analysis of Cymodocea
serrulata Leaves. The anatomical structure analysis
of seagrass leaves indicates changes in abaxial and
adaxial cuticles and abaxial and adaxial epidermis
tissues which can be seen in (Table 3). The higher
the accumulation of heavy metals, the higher the
thickening of the tissues on the seagrass leaves are.

Anatomical analysis of Cymodocea serrulata
Rhizomes. The anatomical structure analysis of the
seagrass rhizomes indicates a change of thickening
in the epidermal and endodermic tissues (Table 2)
and (Fig. 7). Table 2 shows that the higher the lead

FIGURE 7
Changes in the Anatomical Structure of Rhizomes in South Bangka and Ketawai Island
Description: A, B, C show changes in ex (exodermis), ed (endodermis), c (cortex), mc (middle cortex), and ic (inner cortex) in
South Bangka (arrow). D, E show changes in ep (epidermis), ed (endodermis), and c (cortex) in Ketawai Island (arrow).
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TABLE 3
Changes in Anatomical Structure of Cymodocea serrulata Leaves in Bangka Belitung
Leaf Tissues

Abaxial Cuticle
Thickness

Adaxial Cuticle
Thickness

Abaxial Epidermis

Adaxial Epidermis

Location

Changes in Anatomical Structure of Leaves
(μm)

South Bangka
ST.1
ST.2
ST.3
Ketawai
ST.1
ST.2
ST.3
South Bangka
ST.1
ST.2
ST.3
Ketawai
ST.1
ST.2
ST.3
South Bangka
ST.1
ST.2
ST.3
Ketawai
ST.1
ST.2
ST.3
South Bangka
ST.1
ST.2
ST.3
Ketawai
ST.1
ST.2
ST.3

3.580 ± 471
6.021 ± 384
4.673 ± 842
4.486 ± 2.044
4.510 ± 429
3.199 ± 1.296
3.968 ± 571
5.719 ± 386
5.366 ± 469
4.020 ± 973
5.337 ± 641
2.847 ± 680
9.259 ± 2.644
12.713 ± 1.584
11.227 ± 2.197
10.514 ± 2.367
10.091 ± 2.346
12.786 ± 1.631
9.491 ± 3.235
13.066 ± 803
11.385 ± 885
10.517 ± 1.240
11.696 ± 2.470
10.863 ± 2.382

FIGURE 8
Changes in Anatomical Structure of Leaves in South Bangka and Ketawai Island
Description: A, B shows changes of c (cuticle), ep (epidermis), and p (parenchyma) in South Bangka (arrow). C, D shows the
changes of c (cuticle), ep (epidermis), p (parenchyma), and vb (vascular bundle) in Ketawai Island (arrow).
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tralia. Drought stress is one of the most important
abiotic stress factors affecting plant development
negatively. Drought affects many physiological,
biochemical, and molecular events in plants, and
plants can develop tolerance mechanisms that allow
them to adapt to limited environmental conditions
[2]. Drought conditions inhibit plant growth by
reducing cell division and growth in plants. In addition, the reduction of turgor pressure and the negative effect of transpiration prevent the absorption of
mineral matter, which may lead to a decrease in
growth and development. For this reason, drought
is one of the most important limiting factors for
agricultural production [3, 4]. The limited use of
quality water in irrigated agricultural areas brings
with it soil salinity. As a result, product yield and
quality can be reduced. The methods that can be
used to eliminate drought and salinity problems are
difficult and costly. Since most of the cultivated
plants are susceptible to drought and salinity, the
selection or breeding of new cultivars which are
tolerant to drought stress conditions is more significant [5].
Citrus breeding programs focus on the use and
selection of scion-rootstock combinations that have
better respond to drought conditions. Drought tolerance may be more or less intense, or the duration
and severity of stress may be affected by the stage
of plant growth or development, as well as competition from neighboring plants [6]. Global climate
change will increase water stress risk in the near
future, so development of drought-tolerant plants is
one of the most important and strategic goals of
plant biotechnology [7]. Among environmental
stresses, drought stress is one of the factors that
negatively affect plant growth and yield [8]. In the
present study, the effects of    drought stress
conditions have been investigated in Carrizo
citrange. In addition, expression levels of 3 different genes related to drought were investigated.

Citrus fruits are one of the most important
fruit groups cultivated in the world. Growth and
development of plants are affected by abiotic factors such as salinity and drought. Global climate
change will increase water stress risk in the near
future. One of the aims of plant biotechnology is
the development of plants tolerant to drought. In the
present study, the effect of   drought stress on
Carrizo citrange and expression levels of droughtrelated genes were investigated. Four different PEG
concentrations (1%, 2%, 4% and 6%) and PEG-free
MS medium supplemented with 1 mg/L BA were
used. The plants were subcultured 3 times at each 4
weeks. During each subculture period, the responses of plants to the drought were examined. Dry
weight (gr), fresh weight (gr), shoot length (cm),
and multiplication coefficient (unit / plant) were
recorded. As a result of plant tissue culture studies,
it was determined that plants continue to propagate
in all media. However, there was a decrease in the
multiplication coefficient in increasing PEG doses.
In addition, expression levels of three different
genes associated with drought in leaf samples from
each subculture (SC) of plant were investigated and
it was observed that genes had accelerating expression levels with increasing PEG doses. With these
results, it has been revealed that drought-related
genes are triggered.
#! 
BA, qRT-PCR, PEG, Micropropagation



 

Citrus fruits are a very significant food resource due to its high nutritional value and they are
economically significant fruit group in the world
[1]. Citrus production is being carried out in more
than 100 countries worldwide. The main citrus
growing countries are Brazil, USA, China, Spain,
Mexico, India, Iran, Italy, Egypt, Argentina, Turkey, Japan, Pakistan, South Africa, Greece, Thailand, Morocco, Israel, Indonesia, Korea and Aus-



/%17 %7)5-%/ Carrizo citrange (  
   Osb. X     Raf. var “Carrizo”) were used as plant material. Seeds of Carrizo
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41%/<6-6Leaves of plant materials
used in qRT-PCR analyzes were provided throughout the 3 subcultures in all PEG concentrations. 15
different plant materials from 3 subcultures were
used for the total of 5 concentrations. RNA isolation was performed from the leaves. Expression
levels of 3 different genes (Table 1) associated with
drought in citrus were investigated.
Total RNA was extracted with a Trizol reagent (Invitrogen, Carlsbad, CA, USA). RNA was
quantified by measuring the absorbance at 260 nm
with a NanoDrop spectrophotometer and the integrity was checked with 1% agarose gel electrophoresis. Then, 1 µg of RNA was used to synthesize the
first-strand cDNA using the Thermo Scientific
cDNA synthesis kit according to the manufacturer's
protocol. The synthesized cDNA was stored at
−20°C. Quantitative Real-time PCR (qRT-PCR)
was performed on an ABI 7500 real-time system.
The 25 µl reaction system contained 1 µl of diluted
cDNA, 11.25 µl of Fast SYBR™ Green Master
Mix (ThermoFisher Scientific), and 0.5 µl of each
primer. The cycling parameters were as follows:
95°C for 3 min followed by 40 cycles of 95°C for
30 s, 60°C for 30 s, and 72°C for 35 s. The eIF4α
control gene was used for the normalization of the
CT / CP values of the target gene. qRT-PCR results
were calculated by comparative Ct method. In this
method, the average Ct values of all samples are
calculated. The ΔCT and ΔΔCT values were then
calculated and the results were evaluated using the
2- ΔΔCT formula. It has been determined at which
levels drought-related genes are expressed relative
to control genes.


  

  528+,775)66Multiplication coefficient, plant length, fresh and dry weight produced
by plants in PEG-containing media at different
concentrations is presented in Table 2. 

citrange were provided from University of California, Riverside, Citrus Variety Collection.
7)5-/-=%7-21%1()50-1%7-212*))(6The
seeds of Carrizo citrange were subjected to a surface sterilization process. The seeds were first incubated in 70% ethyl alcohol for 2 minutes and then
washed 3 times with sterile distilled water, then
placed in 20% sodium hypochlorite solution (with
2-3 drops Tween-20) for 15 minutes and finally
rinsed with sterile distilled water 4 times. After
sterilization, the seeds were cultured in hormonefree MS medium [9] for 6 weeks in the growth
chamber conditions (16 h light, 8 h dark, 25 °C).
5)%7-21 2* 528+,7 75)66 Drought stress
experiment was established with plants obtained
from germinated seeds of Carrizo citrange. For this
purpose, MS mediums with 0, 1, 2, 4 and 6% PEG
8000 were prepared and the plants were transferred
to these media. 1 mg/L BA was added to promote
micropropagation of plants into the MS medium.
The plants were subcultured 3 times at each 4
weeks. During each subculture period, the responses of plants to the drought were examined. dry
weight (gr), fresh weight (gr), shoot length (cm),
and multiplication coefficient (unit / plant) were
recorded.
9%/8%7-21 2*     528+,7 75)66 )
68/76   drought applications were carried out
using a total of 5 different PEG concentrations in
Carrizo citrange. The experiment was set up according to the experiment design of randomized
plots with three replicates. All data were expressed
as means and analysis of variance was performed.
Means detected the statistically different were separated by least significant difference test (LSD) to
evaluate differences among PEG doses. Statistical
analysis was performed by using JMP® software
(SAS Institute, Cary, NC) ver. 8.00. 


)1)6%662'-%7)(:-7,(528+,7-1'-7586
2


)1)
Cold and drought-regulated protein
cora-like

)1
102622313



Osmotin-like protein-like

102607779



protein dehydration-induced
19 homolog 4-like

102620083

5-0)5)48)1')
F: ACATGCATATTGGCCATCAA
R: GATATCCTCCGTAGCCACCA
F: CAACGACCTCTCCTCCTACG
R: ACAGCTCGTCCGTACCAAAC
F: ATCAATGGCCTTCACAGTCC
R: TTTGCCTTCTCCAAATGGTC

3)'-)6

)*)5)1')

     

[10]

     

[10]

     

[10]


%7%352(8')(&<3/%176-1'217%-1-1+0)(-%%7(-**)5)17'21')175%7-216
PEG 0%
PEG 1%
PEG 2%
PEG 4%
PEG 6%
Multiplication coefficient
6.33a
5.00ab
4.33b
2.33c
1.66c
Plant length
6.00a
5.33a
4.00b
3.66b
2.66c
Fresh weight
0.76a
0.60b
0.40c
0.21d
0.13d
Dry weight
0.08a
0.06b
0.03c
0.02cd
0.01d
LSDMultiplicationCoefficient=1.87**, LSDPlantLength=0.81*** LSDFreshWeight=0.16*** LSDDryWeight=0.02***, **P<0.01, ***P<0.001
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;35)66-21/)9)/6'2/(%1((528+,75)+8/%7)(3527)-1'25%/-.)%021+6%03/)6


 
;35)66-21/)9)/626027-1/-.)3527)-1/-.)%021+6%03/)6





 
;35)66-21/)9)/63527)-1(),<(5%7-21-1(8')( ,202/2+ /-.)%021+6%03/)6
All of the data were found to be higher in the
PEG-free control medium for Carrizo Citrange.
Growth capacity of plants reduced in the increased
PEG doses. Multiplication coefficient was the highest with 6.33 at PEG-free medium. Fresh and dry

weight was also higher at PEG-free medium than
PEG containing media.
528+,75)/%7)( )1) ;35)66-21 Expression of cold and drought-regulated protein cora-
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like, osmotin-like protein-like and protein dehydration-induced 19 homolog 4-like genes were investigated with qRT-PCR. Comparative Ct method was
used to compare expression levels of droughtrelated genes in Carrizo citrange under   
drought stress. Expression levels among the samples for all genes were presented Fig. 1, 2 and 3.
The expression level in each of the 3 genes
was investigated in the leaves of plants developed
in medium containing different PEG concentrations. From each subculture, leaf samples were
collected and expression levels was compared
among subcultures and PEG doses. When the expression levels of the "cold and drought-regulated
protein" gene were evaluated, it was determined
that the expression level increased as the drought
stress increased. It was seen that the expression
levels increased in increasing PEG doses in Carrizo
citrange. Expression levels of the "osmotin-like
protein-like" gene increased, depending on the level
of drought stress    . Similarly, expression
level of dehydration-induced 19 homolog 4-like
increased in the increasing PEG doses. Especially,
in the top PEG doses (6%) expression levels of all
genes was the highest.
   culture of plant cells, tissues or organs
on a medium containing selective agents offers the
opportunity to select and regenerate plants with
desirable characteristics. The technique has also
been effectively utilized to induce tolerance which
includes the use of some selective agents that permit the preferential survival and growth of desired
phenotypes. Plants tolerant to both the biotic and
the abiotic stresses can be acquired by applying the
selecting agents such as NaCl (for salt tolerance),
PEG or mannitol (for drought tolerance) [11]. In the
present study, PEG was used to generate drought
stress in    for Carrizo citrange. In a study
investigating the response of twenty-three citrus
genotypes to drought, trifoliate orange was found to
be the most resistant to drought, while pomelo was
identified as the most sensitive genotype to drought
[12]. In our study, Carrizo citrange was used as a
plant material. Carrizo citrange was known as hybrid of trifoliate orange, it was successfully micropropagated under   drought stress condition.
However, the multiplication coefficient decreased
in the increasing PEG doses. Joshi et al. [13] produced drought stress in rice under    conditions using PEG and performed screening studies.
They investigated how the calli, obtained through
somatic embryogenesis, reacted under drought
stress. Proline contents and weights were determined in callus obtained 15-30 days after stress was
generated. The study concluded that the use of 70 g
/ L PEG is a critical concentration for drought. In
the present study, it was determined that even at the
PEG 6% dose, the plants were micropropagated at a
reduced rate. Drought-induced alterations in
growth, osmotic potential and   shoot multi-

plication of soybean cultivars were also investigated with different concentrations of PEG 6000.  

callus cultures of and soybean cultivars
showed a reduction in callus growth during PEG
treatment as compared with the control. [14]. In
Carrizo citrange, it is detected higher multiplication
rate, plant length, fresh and dry weight compared to
PEG-free control medium. Tomato germplasms
were screened under    condition using PEG
at four concentrations (0, 20, 40 and 60 g/l) with
two replications, it is reported that based on results,
   screening method is potential and costeffective method to screen large set of germplasm
within very less time period and accurately [15].
Molecular and genomic studies have shown that
several genes with various functions are induced by
drought and cold stresses [16]. It is also expected
the differences in expression levels of genes in
drought stress conditions in citrus. Xiao et al. [17]
investigated drought-related genes and expression
levels in a hybrid of mandarin and sweet orange
called "Amakusa" tangor by cDNA-AFLP method.
As a result of the study, they found many genes
expressing different levels during drought stress
and reported that the mechanism of drought is a
highly complicated genetic background. From the
present results, it is clearly shown gene expression
levels changed in the increasing PEG doses and
subcultures. Carvalho et al. [18] conducted qRTPCR analyzes under drought stress in 'Swingle
citrumelo'. Stability of seven different reference
genes (EF1α, GAPDH, CtP, CYP, ACT, TUB and
ADP) routinely used in real time PCR were investigated. As a result, EF1α and ADP genes were found
to be the most stable genes. Within the scope the
present study, EF1α genes were used as control
gene for qRT-PCR analysis and expression levels
of three different genes related to drought were
compared.
 

The effect of   drought stress on Carrizo
citrange and expression levels of drought-related
genes were investigated. Four different PEG concentrations of 1%, 2%, 4% and 6% were studied.
As a result of plant tissue culture studies, it has
been determined that plants continue their lives and
multiplication in all media. However, there was a
decrease in the multiplication coefficient in increasing PEG doses. In addition, expression levels of
three different genes associated with drought in leaf
samples from each SC of plant were investigated
and it was observed that genes had accelerating
expression levels with increasing PEG doses. With
these results, it has been revealed that droughtrelated genes are triggered even if there is no significant morphological change in the plants.
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NEW LOCALITY RECORD OF THE ANATOLIAN GROUND
SQUIRREL, SPERMOPHILUS XANTHOPRYMNUS BENNETT
1835, IN ISPARTA-GENCALI PROVINCE
Sengul Aksan*, Hatice Cohadar
Department of Wildlife Ecology and Management, Faculty of Forestry, Applied Sciences University of Isparta, 32260 Isparta, Turkey

Anatolian ground squirrels S. xanthoprymnus
Bennett 1835 associate with a continental climate,
which is a drier climate with greater seasonality,
and inhabit short-grass steppes [4, 5]. The distribution of the species extends to the nearby central
lowlands and eastern highlands of small areas in
Turkey [2]. They are also found in a few localities
in southern Anatolia in both the Teke Peninsula and
the Cukurova plain [4]. S. xanthoprymnus lives at
higher localities of 900 m in Anatolia including
Denizli, Afyonkarahisar, Eskiúehir, Ankara, Kastamonu, Çorum, Sivas, Trabzon, Bayburt, Kars, I÷dÕr,
A÷rÕ, Erzurum, Malatya, Mersin, Konya, Antalya
and Van [6]. Toyran et al. [6] also determined a
new locality for the Anatolian ground squirrel in
Bitlis, Nemrut Mountain Caldera at 2290 m.
Anatolian ground squirrels are group-living,
diurnal, hibernating, and pre-dominantly herbivorous, burrowing ground-dwelling squirrels [4, 5].
They live in steppe areas and mountain slopes in
central, eastern and northwestern Anatolia [1, 7, 8].
The dorsal area is light brown or reddish brown
with a yellow tone. There is generally a white ring
around the eyes and behind the ears. The vent is
yellow, grey and white speckled [1, 3, 4, 9, 10, 11].
S. xanthoprymnus displays extensive sexual size
dimorphism, with adult males considerably larger
than adult females [1, 4, 8, 11].
Spermophilus xanthoprymnus usually mates in
March in the central lowlands of Anatolia [7] and in
April in northeastern highland Anatolia and adjacent Armenia [3]. The gestation period is 25±26
days [8, 4]. Births occur underground, in April [8].
In the central lowland of Anatolia, the offspring¶V
initial emergence from the natal burrow is in May
at approximately four weeks of age [4, 7, 8]. In
central Anatolia, they hibernate individually in
underground burrows, from late summer or early
autumn (August or September) to late winter or
early spring (February or March). Females mate
shortly after emergence from hibernation and wean
only one litter each year. Parturition occurs in April
and juveniles appear above ground in May. Anatolian ground squirrels appear to rely mainly on fat
reserves stored during the active season as the

ABSTRACT
In this study, a new locality was identified for
the Anatolian ground squirrel, Spermophilus xanthoprymnus Bennett 1835. The Anatolian ground
squirrel is one of three species of old-world ground
squirrels native to Turkey. The species is recorded
at Onkuyular Highland, Isparta-Gencali province, at
an altitude of 1602 m. Spermophilus xanthoprymnus associates with a continental climate and inhabits short-grass steppes. The dominant vegetation
within the sampled habitat included Quercus coccifera, Juniperus sp., Astragalus sp., Malva sp.,
Papaver sp., Verbascum sp., Anthemis sp., Elytrigia
repens and Carduus marianus. It was determined
that the hibernation period of this species begins in
mid-September and ends in March. In the study,
mating time, population behaviors and predators of
ground squirrels were also observed. The results
showed that the S. xanthoprymnus is geographically
restricted in this province. It was determined that
locals practice transhumance of sheep and cattle. If
the necessary precautions are not taken, increasing
human influence on the habitat will negatively
affect the Anatolian ground squirrel population and
therefore the threat of extinction is real.

KEYWORDS:
Anatolian ground squirrel, Spermophilus xanthoprymnus,
ecology, wildlife, locality

INTRODUCTION
The genus Spermophilus comprises approximately 41 species [1], of which four species occur
in the Middle East: Spermophilus citellus Linnaeus
1766, Spermophilus xanthoprymnus Bennett 1835
and Spermophilus taurensis Gündüz, Jaarola, Tez,
Yeniyurt, Polly, Searle, 2007 live in Turkey and
Spermophilus fulvus Lichtenstein 1823 in Iran.
Anatolian ground squirrels are present in central
and eastern (especially northeastern) Anatolia, with
minor range extensions into Armenia and northwestern Iran [2, 3].
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TABLE 1
Literature reviews in Turkey for Spermophilus xanthoprymnus.
1
2
3
4
5
6
7
8
9

Author (Year), Ref. no
Bennet (1835), [18]
Karaba÷ (1953), [19]
Do÷ramaci et al. (1994), [13]
ÇakÕr and Karataú (2004), [20]
Yigit et al. (2000), [21]
Kart (2000), [22]
Gür (2001), [23]
.U\ãWXIHNDQG9RKUDOtN  >@
Çolak and Özkurt (2002), [25]

10

.U\ãWXIHNDQG9RKUDOLN  >@

11
12
13
14
15

Özkurt et al. (2002), [14]
Özkurt et al. (2005), [12]
Arslan (2005), [2]
Gür and Kart Gür (2005), [7]
Gür and Barlas (2006), [26]

16

Gür (2007), [8]

17

Özkurt et al. (2007), [1]

18

Gündüz et al. (2007), [9]

19
20
21
22
23

Kart Gür et al. (2009), [27]
Timurkaan et al. (2009-a), [28]
Timurkaan et al. (2009-b), [29]
Arslan and Arslan (2010), [30]
AyvalÕ (2010), [31]

24

Gür (2010), [32]

25
26
27
28
29
30
31
32

Kart Gür and Gür (2010), [4]
Gür and Kart Gür (2010), [33]
Kalafat (2011), [11]
Özparlak (2011), [34]
Schneiderová and Policht (2012), [15]
Toyran et al. (2012), [6]
AvcÕ et.al. (2014), [35]
Kart Gür and Gür (2015), [5]

City District (Village or town)
Erzurum
Ankara GölbaúÕ
Bayburt; Çorum; Erzurum; Malatya; Sivas;
Kayseri; YahyaOÕ; Nevúehir Derinkuyu,
Ankara PolatlÕ
Ankara *|OEDúÕ(Bezirhane Town)
Ankara *|OEDúÕ (Bezirhane Town)
Erzurum
Ni÷de Maden; KÕrúehir
Afyon; A÷rÕ; Ankara; Antalya; Bayburt; Çorum; Denizli; Erzurum; Eskiúehir;
IgdÕr; Kars; Kastamonu; Konya; Malatya; Mersin; Sivas; Trabzon; Van.
Ankara PolatlÕ; Antalya Akseki; Erzurum; Konya Hadim; Mersin Mut; Ni÷de Maden
Ankara PolatlÕ; Antalya Akseki; Erzurum; Konya Hadim; Mersin Mut; Ni÷de Maden
Konya Selçuklu,
Ankara
Ankara
Ankara Bala (Ahmet ÇayÕrlÕ Village), GölbaúÕ (Bezirhane Town); Erzincan Merkez,
(Kelkit); Erzurum Pasinler (Bulamaç Höyük); Eskiúehir Sivrihisar (Asiler Village);
Isparta ùarkikaraa÷aç (YassÕbel Village); Kars Susuz (Camcavus Village); Konya
KarapÕnar (Yelekli Village); Sivas Gürün (øncesu Village); Van GürpÕnar (YukarÕ
Kaymaz), Baúkale (Özalp)
A÷rÕ Do÷ubeyazÕt; Ankara GölbaúÕ and PolatlÕ; Akúehir Yeúil Village; Erzincan
Tercan; Erzurum; Eskiúehir Do÷ançayÕr and GökçekÕsÕk; Gümúhane Kelkit; Kars
Digor; Kayseri SarÕkÕz; KÕrúehir Merkez; Konya Central and Ere÷li; Karaman KÕlbasa; Kayseri SarÕz; Ni÷de Madenköy.
Ankara +D\PDQD øNL]FH 9LOODJH  DQG (OPDGD÷, (Akçaali Village); Antalya Akseki,
(Yarpuz and Çukurköy, (Morca Highland); Bayburt Demirözü, Central, 2 km and Kop
Village; ÇankÕrÕ KÕzÕlÕrmak (Dede Village); Çorum Sungurlu (Kavsut), Sungurlu
(Büyük øncesu Village) and Alaca; Erzincan Refahiye (YurtbaúÕ Village), Selvidoruk
Tableland and Üzümlü; Erzurum Central and Palandöken Mountain; Eskiúehir Türkmentokat Village and Sivrihisar (Aúa÷Õkepen Village); Gümúhane Kelkit (Kömürköy
and Özyurt Village) and Gümúgöze; KÕrúehir Çiçekda÷Õ (KÕrdok Village); Nevúehir
Bo÷azköy, Gülúehir (Karacasar); Aksaray, Central, Ihlara; Ni÷de Edikli, Aktaú Village,
Kaynarca Village, Bereket Village, UlukÕúla, (Beya÷Õl, Gümú, Maden, Tepeköy);
Sivas SarÕdemir Village, ønceyol Village, AkpÕnar Village, Hafik, (Celalli Village),
ømranlÕ (Karaçay, Ortaköy), Gürün (øncesu Village, Osmandede, Hüyüklüyurt Village);
Trabzon AltÕndere Vadisi (Kasapo÷lu Tableland); Van YatÕksÕrt; Yozgat BaltasarÕlar,
Divanli Village, Bo÷azlÕyan, (SÕrçalÕ), YenifakÕlÕ; Malatya, Akçada÷ (Gürkaynak Village), Saray, Darende Central, Darende, 3 km N; K.Maraú Elbistan, Sögütlü; Kayseri
Erkilet, E÷ribucak Village, Campus of Erciyes University, Erciyes Mountain, PÕnarbaúÕ,
Akören Village, Yeúilhisar-Gülbayir, Dörtyol, Yeúilhisar-AraplÕ Village; Konya Central, Ere÷li-Çakmak Village, Ere÷li-Burhaniye Village, Zincirli Village, Cihanbeyli,
YapalÕ Village, Central, 11 km S, Yeúilköy, IlgÕn, ArgÕthanÕ, Göstere, Orhaniye,
ÇayÕrba÷Õ Hayrat Highland, Meram (Erenkaya, ønlice), Hadim (MeydancÕk Highland,
Kelteú Highland); Karaman Central, KazÕmkarabekir KÕzÕlkuyu, A÷Õlönü, Dereköy
PisanlÕn, TavúanlÕ
Ankara
Aksaray
Aksaray
Konya Hadim Meydancik
Kayseri
Isparta ùarkikaraa÷aç; Eskiúehir Sivrihisar; Ankara GölbaúÕ; Konya KarapÕnar;
Yozgat Central; Sivas Gürün; Erzincan Central; Erzurum Pasinler; Kars Susuz; Van
GürpÕnar
Antalya Teke peninsula; Çukurova
Ankara,
Erzurum Pasinler; Konya KarapÕnar and Karatay; Karaman KazÕmkarabekir; Ni÷de.
Konya Selçuklu
Kayseri Campus of Ercyies University
Bitlis Nemrut Mountain Caldera; Malatya; Mersin; Konya; Antalya; Van
Ni÷de Bolkar Mountains
Ankara

active from March through September and hibernate during the remaining months.
Many studies on the systematics [1, 11] have
determined the taxonomic status of S. xanthoprymnus as well as distribution, external characters,
cranial characters, dentition and karyology in Turkey and Iran. Özkurt et al. [12], conducted field and

source of energy over winter and therefore dramatically lose body mass during hibernation [4, 5, 7].
The duration of hibernation and active seasons
varies from year to year and within geographic
populations depending on local environmental
conditions. Anatolian ground squirrels are mainly
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MATERIALS AND METHODS

laboratory investigations on the ecology, reproduction and behavior, physiology and genetics [2, 9,
13, 14]. Vocalizations of S. xanthoprymnus have
been reported to encode information about caller
identity [15]. Studies of the diets of S. xantophrymnus have been performed by Gür [16], Kart Gür and
Gür [4]. The available studies conducted between
1835 and 2015 in different regions of Turkey are
reviewed in Table 1. The aim of this study is to
describe a new habitat location for S. xanthoprymnus in Turkey.
The significance of this study is to give the localities of S. xanthoprymnus populations that currently continue to live in Isparta. Gür [8] reported S.
xanthoprymnus in YassÕbel Village (ùarkikaraa÷aç
district), Isparta. However, when we visited
YassÕbel for population study, it was determined
that the species was extinct within the location. In
this study we discuss an important new area of S.
xanthoprymnus population living in Isparta, which
is known as the Gencali region. Some precautions
should be taken to protect this species in Gencali by
considering the cause of the extinction of the population and various factors affecting the ecosystem in
YassÕbel. As a result, loss of this species could be
avoided and biodiversity sustained. We also investigated the ecology of the species in the locations of
S. xanthoprymnus in Gencali. According to ecological conditions, sensitive states can be detected for
this species throughout the country. Gene maps and
population distribution maps should be generated.
Scenarios of limate change can be produced to
predict the situation of the species over time. To be
able to perform all these studies, accurate comparisons should be made in terms of locality, province,
region, country and world to be based on population status at locations close to each other. In order
to form the basis for these studies, the locations
detected in Gencali are of great importance.

The study was carried out in Isparta, Gencali
province where the S. xanthoprymnus was detected
by our research team from 2016 to 2018. Observations were performed in four different adjacent
locations at Onkuyular (Figure 1). Firstly, the species was found in the initial location. Then, the
present/absent inventory method was used in the
region to find appropriate habitats and species presence. The direct observation technique was used
from sunrise to sunset during the whole study.

RESULTS AND DISCUSSION
The study represents the first record for S.
xanthoprymnus in Gencali province and the second
for Isparta. Gür [8] first reported the species from
YassÕbel Village (ùarkikaraa÷aç district) in Isparta.
Unfortunately, it has been determined that the species is now extinct within the YassÕbel location. S.
xanthoprymnus red list category and criteria is Near
Threatened ver 3.1. [17].
As a result of the inventory, the species was
discovered at other locations near the first area. The
locations are described below in Table 2.
Spermophilus xanthoprymnus associate with a
continental climate in Gencali province. According
to meteorological data for Isparta-Gencali between
1929-2017, annual average temperature was 12.2
°C, annual average maximum temperature was 18.3
°C, and annual average minimum temperature was
&¶>@7KHDYHUDJHDQQXDODPRXQWRISUHFLSL
tation measured 564.3 mm [36]. The highest
monthly temperature average of the year is 29.5 °C
in August, monthly average minimum temperature
was measured in January as -1.7 °C [37].
It was found that Quercus coccifera, Juniperus sp., Astragalus sp., Malva sp., Papaver sp.,
Verbascum sp., Anthemis sp., Elytrigia repens,
Carduus marianus, Crocus fleischeri and Muscari
neglectum form the dominant vegetation of the
habitat of squirrels in all four locations. The species
lives in natural short-grass steppe habitats with
short vegetation as stated by Gür and Kart Gür [5]
and Kart Gür and Gür [4]. In our third location, the
species lives on rocky mountain slopes similar to
those described by Demirsoy et al. [38].
Although habitat and climate are the same in
all the locations, there are some differences such as
strong wind and the density of trees. All locations
have a natural short-grass steppe habitat with short
vegetation. Number 1, number 3 and number 4
locations are surrounded by trees but there are no
trees within these three areas. On the other hand,
trees are surrounded and homogeneously separated
in location number 2. Number 3 location has many
more rocky areas, strong winds and higher slopes
than the other locations.

FIGURE 1
Locations of S. xanthoprymnus at Onkuyular
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1

38°16'56.63"N
30°44'48.04"E

1602

50,3082

478

9,5 animal /ha

2

38°16'51.91"N
30°45'46.72"E

1554

19,1739

12

0,62 animal /ha

3

38°16'12.48"N
30°44'11.92"E

1560

4,1296

8

0,5animal /ha

4

38°16'11.41"N
30°43'52.32"E

1555

2,8724

23

8animal /ha

Structure

Density of
animal
population

Number of
sampled
animals

Surface
area (ha)

Altitude
(m)

Location

Number of
locations

TABLE 2
Inventory result of the locations

having short vegetation,
being lowland and no
trees in location but
location is surrounded
by trees
having short vegetation,
VORSLQJ ODQG  DQG
homogeneously separated trees in location
having short vegetation,
VORSLQJ ODQG 
homogeneously separated trees in location,
rocky areas and strong
winds
having short vegetation,
being lowland and no
trees in location but
location is surrounded
by trees

TABLE 3
Inventory result of annual life cycle
Hibernation period
Mid-October 2016 to April 2017
Mid-September 2017 to March 2018

Mating time

Births time

May 2017
April 2018

June 2017
May 2018

Offspring emerging
from burrows
July 2017
June 2018

FIGURE 2
Average temperature of 2017 and 2018 [37].
density of trees does not allow squirrels to feel safe
against predators.
As a result of the inventory, we discovered the
annual life cycles of 2017 and 2018 described in
Table 3. It was observed that the temperature had
an effect on periods such as hibernation, mating
time, births time and offspring emerging from burrows in the annual life cycles shown in Figure 2.
In our first study year, it was determined that
the hibernation period began in mid-October 2016

In the light of the above information, the density of animal populations in number 1 and number
4 locations is higher than the density in numbers 2
and 3 because of the advantages of locations number 1 and 4 such as digging capability, having short
vegetation and being lowland. Also, S. xanthoprymnus does not prefer number 2 and number 3
locations because they have sloping land, wind, are
rocky and the
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energy teaching their offspring foraging and survival skills from potential predators. In addition, the
offspring exhibit behaviors such as playing or
fighting with each other. Once the offspring have
learnt basic skills, they begin to prepare themselves
for hibernation by constantly feeding. As a result,
they spend a large amount of their time above
ground foraging and feeding.
The fur color of juvenile is gray in the first
year, similar to adult females. After the first year
the color of juveniles becomes reddish-gray like
adult males. The image below (Figure 2) shows the
differences in coloration. On the left is an 18-month
male and on the right a 6-month male.

and ended in April 2017. In our second study year,
it was determined that the hibernation period began
in mid-September 2017 and ended in March 2018.
The last ground squirrels were observed in midNovember in 2016 and mid-October in 2017. It was
observed that adult males were the first to emerge
from hibernation, followed by adult females. Juvenile males and juvenile females emerged from hibernation as in other species of ground squirrels [4,
5]. All locations were completely covered by snow
in most winter months. These findings are similar
to those given by Karaba÷ [19] and YL÷LW et al. [21].
Additionally, these researchers stated that the initiation and termination of the heterothermic period
were affected by the temperature and altitude of the
localities. The hibernating ground squirrels curled
themselves into a tight ball, the back upwards and
the tail extended under and beyond the head. This
hibernation posture is consistent with the findings
given by Yi÷it et al. [21]. In hibernation, burrow
entrances were closed by collapsed soil. When
squirrels emerge from hibernation the burrow entrance is very small being approximately 3 cm in
diameter. When caring for infants, burrow entrances are enlarged. Females place particular importance on burrow cleaning while raising young.
The activities of ground squirrels were observed to be very intensive between 10:00 and
17:00 during the day. This finding is consistent
with Yi÷it et al. [21]. They mated in May 2017 and
April 2018 in Gecali province. S. xanthoprymnus
usually mates in March in central lowland Anatolia
[7] and in April in northeastern highland Anatolia
[38] and adjacent Armenia [3]. Males becoming
aggressive during the mating season and tend to
extend their territories up to 300 m in search of
females. Males travel constantly in the field within
the day in order to find a suitable female to mate
with. Males were heard to have a variety of mating
calls at their disposal in an attempt to gain the attention of a prospective mate. Males were also observed to fight each other for females.
The gestation period is 25±26 days. We observed that births occurred underground in June
2017 and May 2018 with offspring leaving the
burrows in July 2017 and June 2018 at Onkuyular/Gencali province in Isparta. With regard to
gestation periods, our findings are similar to those
of other studies [4, 8] showing births in April [8]
and April-July [38]. The emergence of offspring
from natal burrows was observed at about four
weeks of age in May in central lowland Anatolia, as
in the studies of Gür and Kart Gür [7], Gür [8] and
Kart Gür and Gür [4]. Sexual maturity is reached
after the first hibernation period in Gencali, as reported by Demirsoy [38].
Offspring are very shy when first emerging
from burrows. Once oriented and feeling safe they
become lively and play with other offspring. Females invest a considerable amount of time and

FIGURE 2
Yearling male and six-month male
We observed that predators of S. xanthoprymnus are Canis lupus, Vulpes vulpes, Meles meles,
Martes foina, Canis lupus familiaris, Buteo rufinus,
Strix aluco, Athene noctua, Falco columbarius and
Milvus migrans in all four locations. We observed
feral horses, Sus scrofa, Lepus capensis, Corvus
corax, Oenanthe isabellina, Turdus viscivorus and
Turdus merula in all locations.
The shepherds and their donkeys and domestic
dogs share the fields with their herds of cattle, goats
and sheep from April to November. It was seen that
domestic dogs chase and hunt S. xanthoprymnus.
Donkeys, cattle, goats and sheep eat grass and other
plants causing scarcity of food in the area.

CONCLUSIONS
With the present study it was determined that
S. xanthoprymnus is restricted to the few provinces
mentioned. Within the habitat of the species, people
living in Gencali village are undertaking increasing
levels of transhumance and stockbreeding activities.
If the necessary precautions are not taken, the increasing human influence on the habitat will negatively affect the S. xanthoprymnus population and
therefore the species may become extinct in the
future, similar to the fate of the YassÕbel population
of S. xanthoprymnus.
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FEASIBILITY STAGE DESIGN ASSESSMENT FOR
TRANSFORMING AN UNPRODUCTIVE DAM INTO A
SANITARY LANDFILL SITE
Mustafa Can Canoglu*, Oylum Gokkurt Baki
Sinop University, Faculty of Engineering and Architecture, Environmental Engineering Department, 57000, Osmaniye Village Nasuhbasoglu
District, Sinop, Turkey

ABSTRACT

INTRODUCTION

In many cities in Turkey, a lack of provision
made for waste services is often the result of inadequate financial resources, and a lack of management
and technical skills within individual municipalities. Unexpected influxes of refugees, especially,
means that the planned limits for waste management by government authorities are exceeded, despite these being in place to deal with rapid growth
in demand for waste management services. Urban
solid wastes increase in correlation with the population and also economic growth. However, determination of a solid waste storage facility area is dependent on a number of specific criteria making it
increasingly difficult to specify a suitable sanitary
landfill location.
Urban solid waste management and assessment of storage alternatives include complex and
time-consuming processes for design engineers.
Suitable site selection for solid waste storage requires a huge amount of spatial data processing,
including a combination of regulation and acceptance criteria. Site selection criteria are generally based on limiting factors such as land use, geology, political and governmental boundaries, water
resources, transportation, and expropriation. However, these criteria can be taken into consideration
based on the HQJLQHHU¶V judgment as well as local
standards.
The aim of this study is to assess the alternative method of repurposing an unproductive dam
reservoir area as a sanitary landfill site due to it
being a timely and cost-effective solution. Within
this context, engineering approaches have been
utilized under feasibility stage design in terms of
ground permeability and natural structural materials, which are essential in minimizing economic and
technical restrictions.

In recent decades a huge number of water retaining structures have been constructed in Turkey;
this includes dams, hydropower plants, and flood
storage facilities. These constructions are utilized
for various purposes, but especially for agriculture
and sustainable energy production. The dams are
mainly utilized as multipurpose structures with a
variety of purposes including agricultural irrigation,
potable water supply, recreation, firefighting, and
flood prevention. Dams are often studied by researchers with a focus on natural structural materials (NSM), permeability, geotechnics, hydrogeology, liquefaction, and landsliding [1 - 12]. However,
in Turkey most of these structures are planned for
50 years of economic service and environmental
policy is projected for after the termination of economic use.
With the acceleration of social and economic
development, the impact of human activities on the
environment is becoming ever more destructive
[13]. Uncontrolled solid waste discharge is one of
the biggest causes of environmental degradation.
Over the last decade many cities in developing
countries have started to face serious problems in
managing their solid waste due to an increasing
population. Surface and ground water pollution,
unpleasant odors, soil pollution, gas explosions, and
infestations of insects are the result of this problem
[14 - 15]. Proper management of municipal solid
waste is dependent on a suitable management plan
[16 - 17] within an appropriate monitoring program
[18]. These plans should include waste reduction
strategies, cleaner technologies and suitable waste
treatment and disposal methods [14, 17, 18, and
19].
In many cities in Turkey, open dumping is utilized as the main MSW disposal method. Open
dumping causes many environmental hazards such
as soil, water and air pollution. The management of
solid waste includes the collection, transportation
and disposal of the waste material. Sanitary landfill
is the most widely utilized for the disposal of solid
waste. However, the choice of storage area is a
rather complex process and depends on various
criteria and regulations.

KEYWORDS:
Unproductive dam, Waste disposal, Waste management,
Sanitary landfill, Ground permeability, Natural structural
materials
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24]. However, utilization of an unproductive dam
reservoir area as a facility for solid waste storage
can be considered a novelty of this study. The reduction of expropriation, organic material removal,
and NSM analysis costs are the economic advantages of this engineering approach.
This study comprises office works, field
works, laboratory works and an evaluation stage.
Within the scope of the office works, an off-plan
dam project has been selected in order to assess the
feasibility of the transformation study in terms of
ground permeability, and a qualitative-quantitative
evaluation of NSM is to be done to provide a blanketing layer. The land modification of the dam
reservoir area, including slope terracing, the planning of a storm drainage system, projection of a
small dam upstream of the planned solid waste
storage area, and its diversion conduit have been
planned within the context of office works. Within
the field works, drilling and in-situ testing were
conducted in order to determine the ground permeability around the dam axis. Geotechnical investigations under field studies were conducted on the
potential dam axis location reflecting the hydrodynamic parameters of the reservoir area which is
planned for use as a solid waste storage facility.
Trial pits were excavated in potential NSM areas
for soil sampling and qualitative-quantitative observation. The suitability of the NSM have been analyzed with the laboratory works, which were performed on the soil samples collected from trial pits.

Furthermore, an urgent demand for solid waste
storage facilities in Turkey was amplified, when
over a short period of time, there was a rapid increase in the population resulting from an unforeseeable refugee influx. In such cases, interim containment actions are not strategically feasible as a
sustainable environmental solution. For this reason,
quick and affordable solutions for the construction
of solid waste storage facilities are crucial in regions exposed to large scale immigration.
This study aims to assess the quick and cost
competitive employment of an unproductive dam
reservoir area for the purpose of solid waste storage. In line with these objectives, engineering approaches adopted during the feasibility stage are
important in minimizing any economic restrictions
and potential engineering problems. In a solid waste
storage facility project, expropriation costs come
first in the list of expenses. Additionally, the judicial process of expropriation is notably long and
time consuming. The greatest advantage of the
engineering approach for the transformation of an
unproductive dam reservoir area to a solid waste
storage facility is the reduction of expropriation
costs and the time saved as a result. Accordingly,
ground permeability of the dam reservoir and the
NSM are analyzed in order to determine their usability as a blanketing layer for a solid waste storage
facility.
Different engineering approaches to sanitary
landfill facilities are projected, designed and analyzed from a variety of different perspectives [20 -

FIGURE 1
Site location map of study area
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The study area is shown in a 1/25000 scaled
Sakarya G23-c3 topographic map prepared by the
National Mapping Agency of Turkey [25]. The
Kemaliye Dam reservoir area, where the solid waste
storage facility will ideally be located, is 7 km
northwest of Bilecik ± $GDSD]DUÕVWDWHURDG )LJXUH
1). Access to the area is provided by 12 km of asphalt road and 5 km of dust road coming from
Bilecik ± $GDSD]DUÕKLJKZD\

STUDY AREA
Kemaliye Dam, an off-plan dam project, was
selected as the study area for the solid waste storage
facility after considering the distance to a residential area, predominant wind direction, number of
immigrants arriving to the area, and demand on the
storage facility for solid wastes. The construction of
the Kemaliye Dam was planned on the Deveboynu
River to supply water for 237 ha of agricultural
lands of Kemaliye, Adliye, Sariyazi and Aglan
Villages. The study area is located in Sakarya
(Marmara Region), where the climate is defined as
being a humid continental climate, characterized by
warm and hot summers and moderately dry with
snowy and cold winters. The average temperature
during the hottest month is around 33oC, and the
average temperature during coldest month around 4
o
C. Mean annual rainfall around the study area is
950 mm.

Geological setting of study area. In the study
area and nearby environ, the Paleozoic, Mesozoic
and Cenozoic aged geological units can be predominantly observed. Permian-Triassic aged Iznik Metamorphics (PTim) are founded in the base of stratigraphic array. Iznik Metamorphics are covered
unconformably by the Upper Cretaceous aged
Pamukova Metamorphics (KPm). Above these
units, Pliocene aged young units (Pç) can be observed discordantly. Finally, Quaternary aged alluvium (Qal) and slope debris (Qym) cover all these
units unconformably (Figure 2).

FIGURE 2
Generalized stratigraphic columnar section of study area and its surroundings (not to scale)
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permeable (A and B impermeable NSM areas), 1
Permeable (G permeable NSM area), and 1 rock
NSM area specified as the potential NSM area for
use in the dam body. In this study, the usability of
the NSM (remaining from the dam body) for the
blanketing layer of a solid waste storage facility
was the focus. The location map of NSM areas is
shown in figure 4.
In A impermeable NSM area 10, B impermeable NSM area 5, G permeable NSM area 20, trial
pits were excavated for sampling and investigation
of the quantity and observational quality of the
NSM. 2 intact rock samples were taken from the
Rock-1 NSM area and exposed to laboratory testing.

The project area and proximity are located in a
first-degree earthquake prone zone based on the
³(DUWKTXDNH =RQDWLRQ 0DS RI 7XUNH\´, produced
by the General Directorate of Natural Disasters of
Turkey. The North Anatolian Fault Zone, which
comprises many tectonically active faults, includes
the study area and many destructive earthquakes are
produced by these faults. Three of these active
faults can be observed in proximity to the study
area (Figure 3).

NATURAL STRUCTURAL MATERIALS
The pre-office studies conducted for the Natural Structural Materials (NSM) investigated 2 im-

FIGURE 3
Geological map of study area and proximity

FIGURE 4
Sketch drawing of NSM areas
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TABLE 1
Distances of NSM areas to dam axis, quantity of existing NSM and need of NSM for dam body and solid
waste storage facility
Distance to the
NSM
dam axis (road
area name
distance) (m)
A
7 100
Impermeable NSM
B
8 900
Permeable NSM
G
24 850
Rock NSM
Rock -1
9 700
TOTAL
--Material

Need of NSM
Existing nsm
for dam body
3
quantity (a) (m )
(b) (m3)
885 000
44 634
505 000
5 439 400
24 378
> 1 000 000
138 731
> 7 829 400
207 743

Need of NSM for
Ratio
blanketing layer (c)
(A/(B+C))
3
(m )
33 575

17.77

22 383
55 958

116.32
> 7.21
--

moisture content values are in the range of 16.1 % 23.0 %. The falling head permeability test results
show that the material is generally impermeable and
ranges between 2.45x10-7 ± 1.10x10-6 cm/s. Based
on the laboratory test results shown in table 2 the A
NSM area can be exploited as an impermeable
NSM area. After removing 0.30 m of topsoil, 885
000 m3 of impermeable NSM can be utilized considering an exploitation depth of 3.50 m.
In B impermeable NSM area, the depth of the
trial pits ranges between 4.10 ± 4.20 meters. The
soil sample taken from B-201 labelled trial pit is CL
and B-202, B-203, B-204, B-205 labelled trial pits
are CH based on the unified soil classification system.
Based on the laboratory test results the specific gravity of the soil samples range between 2.68 ±
2.71. The moisture content values are in the range
of 14.4 % - 29.1 %. Standard proctor test results
show that the maximum dry density of soil samples
is between 1.499 -1.621 gr/cm3 and the optimum
moisture content values are in the range of 19.6 % 25.1 %. The falling head permeability test results
show that the material is generally impermeable and
ranges between 1.19x10-7 ± 6.76x10-8 cm/s. Based
on the laboratory test results shown in table 3 the B
NSM area can be exploitable as an impermeable
NSM area. After removing 0.20 m of topsoil, 505
000 m3 of impermeable NSM can be utilizable
considering an exploitation depth of 4.00 m.
G permeable NSM area has been specified and
expropriated to supply gravel and sand material for
the dam body and solid waste storage facility. In the
G permeable NSM area a total of 20 trial pits were
excavated and soil samples taken from the all of the
trial pits excluding G-103 and G-104 labelled trial
pits. The depth of the trial pits ranges between 2.00
± 3.50 meters for G permeable NSM area. The soil
samples, taken from G-107, G-108, G-109, G-110,
G-113, G-114, G-115, G-116, G-119 and G-120
labelled trial pits are GP, taken from G-117, G-111
and G-105 are GW-GM, taken from G-118, G-112
and G-106 are GP-GM, taken from G-101 are SP
and taken from G-102 is GW based on the unified
soil classification system.
The G permeable NSM area is suitable in
terms of clay flocculation limit values based on the
laboratory tests conducted on the soil samples. In
addition, fine (caly-silt) and the organic material

Kemaliye Dam is planned for construction as a
clay core rock fill dam and approximately 208 000
m3 NSM is needed for the construction of dam
body. Additionally, considering the population and
solid waste amount to be stored up in the solid
waste storage facility, an area of 43 046 m2 land of
the reservoir area is planned for modification, and
55 958 m3 NSM is needed for utilization in the
blanketing layer. The blanketing layer has been
designed with 2 layers (30 cm for each layer) of
impermeable NSM compacted by rolling, one layer
(10 cm) of sand for filtering, and one layer (30 cm)
of gravel for draining. Considering the loss in volume during the screening, washing, and compaction
processes the need of an NSM blanketing layer is
enhanced by 30%. A comparison of the existing and
needed NSM for the dam body and blanketing layer
of solid waste storage facility is shown in table 1.
Within the context of site works, NSM investigation pits have been excavated in potential NSM
areas in order to determine engineering properties
and the thickness of the NSM in the areas specified
during pre-office studies. NSM investigation pits
are excavated mechanically for qualitative and
quantitative evaluation of NSM. Soil samples were
collected from the investigation pits observed as
having potential for utilization in the dam body and
blanketing layer of the solid waste storage facility
in terms of quality and quantity.
In order to meet the need for impermeable
NSM, a detailed investigation has been conducted
in 2 potential NSM areas, A and B respectively.
The engineering properties of the subjected impermeable NSM were determined through laboratory
tests. In A impermeable NSM area 10, B impermeable NSM area 5, 15 trial pits in total were excavated and soil samples taken.
The depth of trial pits for A impermeable
NSM area ranges between 4.00 ± 4.20 meters. The
soil samples taken from A-107 and A-109 labelled
trial pits are CH and A-101, A-102, A-103, A-104,
A-105, A-106, A-108, A-110 labelled trial pits are
CL based on the unified soil classification system.
Based on the laboratory test results the specific gravity of the soil samples ranges between 2.62 ±
2.72. The moisture content values are in the range
of 12.4 % - 26.1 %. Standard proctor test results
shows that maximum dry density of soil samples is
between 1.533 -1.777 gr/cm3 and the optimum
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terms of alkali silicate reactivity (B evaluation
class). Taking precautions against issues such as
pozzolanic additives, lithium carbonate, and lithium
fluorite is suggested. After removing 0.15 m of
topsoil, 5 439 400 m3 of impermeable NSM can be
utilized considering an exploitation depth of 2.70
m.

content of the soil samples exceeded the limits
according to Akcali and Arman [4]. For this reason,
during exploitation double screening and washing is
suggested. The test results of Na2SO4 soundness of
aggregates reveal that the material is suitable for
use as aggregate. The soil samples handled from G102, G-106, G-109, G-114, G-116 and G-117 are
considered as potentially hazardous aggregate in

TABLE 2
Selection criteria of sanitary landfill
Criteria
1

Extent and total storage capacity
of the site

2

Topographic conditions

3

Hydrologic conditions

4

Cover material

5

Meteorological conditions

6

Transportation system and haul

7

Distance to main roads, residential
areas and airports

8
9
10
11
12
13

Distance to the protected areas
Wetlands
Tourism potential
Historical places
Distance to the agricultural lands
Mining activities

Description
The capacity of the site is designated based on the solid waste quantity,
population and the used cover material. The service period is generally
predicted as 20 to 30 years.
Method selection is specified based on topographical structure of the site.
Potable water pipeline, waste water pipeline, condition of catchment areas,
groundwater level and tectonic setting. Geotextile which is laid on the
landfill ground as overliner material is specified based on these conditions.
Cost of the cover material (geotextile) is considered. Impermeability of the
selected cover material should be prioritized.
The most important parameter in leachate formation for landfill areas is rain
water. Cover and blanketing materials should be designed considering the
frost risks. Sanitary landfill should not be constructed toward predominant
wind direction and windbreaker should be utilized in all cases.
Minimum haul should be preferred to minimize the step tariff.
Distance to the main roads is important in terms of transportation costs.
Sanitary landfill area should be minimum 1 km distance to the residential
areas and 3 km distance to airports based on provisions of solid waste control regulation in Turkey.

TABLE 3
Design parameters and limit values for sanitary landfill area
Design Parameters
Capacity of field for solid waste
storage
Field life span (year)
External Access Roads (km)
Internal Access Roads (km) (normal
weather conditions)
Internal Access Roads (km) (unpleasant weather conditions)
Slope of Field (%)

Limit Values
Depends on the solid waste quantity (see eqs. 1, 2 and 3)
20-30 years (minimum 10)
6-8 km (paved)

Existing Values
43 046 m2 of area is arranged for landfill area for
a solid waste of 1.2 kg/person.day
20 years considered
5 km approximately

6-8 km (paved)

3 km approximately

6-8 km (paved)

1 km approximately

% 2-5

Slope of internal roads (%)

% 12 (maximum)

Compaction ratio of solid waste (%)

% 50
% 20-25 of field solid waste
storage capacity
10-30 m
1,5 to 2,5 m
1/3 of solid waste

% 4 maximum
Internal roads would be designed during projecting stage
% 50

15 m
2m
5m

1 m (minimum)

1.2 m in wet season

1u10-6 cm/s (maximum)

ranges between 2.45x10-7 ± 1.10x10-6 cm/s

30-60 m (minimum 12)

30 m

60-70 m

60 m

Quantity of cover material
Storage depth (m)
Solid waste layer depth (m)
Thickness of cover material (m)
Vertical distance from Groundwater
level (m)
Permeability of laid down impermeable material (cm/s)
*Distance between gas collection pits
(m)
*Distance between leak-off pipes (m)
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A=Vtot/h
Eq. 3
A= 645685 / 15 = 43046 m2
To reclaim the reservoir area an additional
cofferdam and a diversion conduit are have been
projected as shown in figure 5.
The reclaim cofferdam and the diversion conduit are projected against the likelihood of a flood
event taking into consideration a 100-year period
for flood discharge. The height of the reclaim cofferdam is 11.5 m from thalweg and 15.0 m from
foundation with a crest width of 8 m and crest
length of 55.3 m. The type of the diversion conduit
of the reclaim cofferdam is concrete jacketed penstock pipe with a diameter of 1.3 m. The length of
the pipe is 675.3 m and the inclination is 3.87 %. It
is utilization of the existing diversion conduit to
drain the rainwater and the leachate out of the facility is planned.
A waste water treatment plant is provided to
purify the drained water before discharging it into
the main river. For this purpose, a leachate collector
and a leachate pipeline are planned to accumulate
the leachate and drain it to the waste water treatment plant. A leachate pipeline which links the
leachate collector and water treatment plant will be
placed in an existing diversion conduit.

GENERAL DESIGN CRITERIA OF
SANITARY LANDFILL FACILITY AND
LAND MODIFICATION
Municipal solid waste storage is a typical and
controlled accumulation activity of domestic, commercial and industrial wastes (including sewage
sludge) in a suitable site which meets sanitary requirements [26]. Suitable site selection for landfill
is one of the most important stages of solid waste
storage [27]. Suitable site selection criteria for sanitary landfill are explained in Table 2.
To ensure management runs smoothly during
the operation stage, the parameters listed in table 3
should be considered for the assessment of suitability of a sanitary landfill area and prevention of
probable risks. In addition, considering the number
of daily garbage trucks coming to the casting platform, the slope design of the solid waste facility and
its accord with extension planning should be evaluated [28, 29].
To transform the reservoir area of the Kemaliye Dam into a solid waste storage facility,
several land modifications should be applied. For
flood prevention, a cofferdam and a diversion conduit on the upstream side were planned (Figure 5).
The angle of uneven slopes was decreased and
arranged to increase safety and reduce potential
risks. The solid waste storage facility is projected
for 20 years of working life considering a solid
waste quantity of 1.2 kg/PPPD. In this context, total
solid waste is predicted to be 367 912 kg after 20
years for Pamukova County and its proximity. In
light of this information the ultimate volume needed
for the solid waste storage area was calculated using
Eq. 1 and 2.
V=FxR/Dx(1-P/100)
Eq. 1
Vtotal= V+(Vx0.2)
Eq. 2
The projected mean height of the lot for the
solid waste storage facility is 15 m. Considering
this height the area need to be recovered has been
determined with Eq. 3

GROUND PERMEABILITY
The bedrock consists of Pamukova Metamorphic units in the dam axis and reservoir area. Along
the valley bottom, including thalweg of the dam,
3.00 ± 3.50 m thick alluvium, which consists of
sandy gravelly clay, can be observed. The groundwater levels (GWL) surveyed in the boreholes
drilled along the dam axis show that groundwater
flows through the valley. According to these GWL
surveys, in the left abutment the GWL of the borehole SK-1 is 13.90 m and SK-2 is 8.40 m. The
GWL of the borehole SK-3 drilled in thalweg is
0.00 m. In the right abutment, the GWL of the
borehole SK-4 is 8.30 m and SK-5 is 10.70 m (see
Figure 5).

FIGURE 5
Reclaimed area for a solid waste storage facility and related projection of structures
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must be processed in a commercial section of the
sanitary landfill site, which is not easy [27, 30].
Another method is based on accelerated biodegradation by providing less gas and leaching water in
order to accelerate the process [27]. The goal of all
alternative applications is to minimize the volume
of waste. Today, waste minimization schemes need
to be more widespread. In addition, an alternative to
sanitary landfill, which will provide disposal of
existing wastes, has been investigated.
The results of the qualitative (laboratory tests)
and quantitative analyses show that the rest of the
NSM from dam construction can be utilized as a
blanketing layer and overliner material for the sanitary landfill facility (see table 1). Additionally, the
Lugeon tests conducted along the dam axis indicate
that the ground permeability is suitable for a sanitary landfill facility. In case of a probable leachate
leakage in the reservoir area the designed grout
curtain would prevent that leakage. The results of
this feasibility study show that the Kemaliye Dam
reservoir, after becoming unproductive, can be used
as a sanitary landfill facility with simple land modifications. It should also be emphasized that the
reclaim cofferdam and the diversion conduit are
designed taking into consideration a 100-year period for flood discharge, and in case of the projected
amount is exceeded the existing dam would be able
to retain any incoming surplus water.

TABLE 4
Minimum, mean and maximum hydraulic
conductivity values of each borehole (cm/s).
SK-1
Minimum 2.2x10-5
Mean
1.4x10-4
Maximum 4.7x10-4

SK-2
1.8x10-5
9.2x10-5
1.7x10-4

SK-3
2.0x10-5
1.0x10-4
2.4x10-4

SK-4
2.3x10-5
1.0x10-4
2.4E-04

Fresenius Environmental Bulletin

SK-5
2.2x10-5
1.8x10-4
5.6x10-4

Furthermore, falling head permeability tests in
the alluvium units and the Lugeon tests in the rock
formation have been conducted in order to determine the hydraulic conductivity of the dam axis. It
can be considered that the hydraulic conductivity
values of the dam axis also reflect the permeability
of the reservoir area. In addition, the impermeable
component of the blanketing layer, which is
planned to be lain over the whole of the reservoir
area, would also prevent any potential leakages of
the leachate. The minimum, mean and maximum
hydraulic conductivity values for each borehole
drilled along the dam axis are shown in Table 4.
The hydraulic conductivity values (K) shown
in table 2 are converted from Lugeon values (LU)
with the use of formula (Eq. 4) suggested by
&DQRJOXDQG.XUWXOXú  
Eq. 4
K= 10-5x(LU)1,0082
Based on the Lugeon values a grout curtain
was designed along the Kemaliye Dam axis to retain water in the reservoir area. After becoming
unproductive, the grout curtain of the Kemaliye
Dam will ensure the prevention of leakages of the
leachate for extra safety.

CONCLUSIONS
Nowadays, a number of methods are utilized
in solid waste management such as storage, recycling, thermal refinement, and biological treatment.
However, suitable site selection for a sanitary landfill area is a complex process depending on several
criteria and legislative regulations. For these reasons the engineering approaches shown in the site
selection requires suitable landfill models and storage design optimization within the engineering
assessment for decision makers. It is a fact that
waste minimization is the most worthwhile of all
the alternative applications, but if waste has already
built up, this study has completed field research for
an alternative way to store it in the healthiest way
possible. In addition, the reservoir area reclaimed
for the solid waste storage facility can be extended
with terraced excavations of the side slopes in case
there is a need.
The presented study is an alternative and advisory tool to aid decision makers, and also researchers of future studies. However, detailed engineering
design works should be performed during the ultimate planning stage.

RESULTS AND DISCUSSIONS
The world population is facing serious environmental problems due to the unplanned spatial
assessment and unsuitable spatial design of natural
resources. Solutions to these environmental problems are generally considered expensive and a
waste of time. However, re-purposing of an existing
facility could be a quick and cost-effective solution,
as well as being environmentally friendly. In this
study, an unproductive dam reservoir area has been
employed for use as a solid waste storage facility
based on these descriptors. To re-purpose the reservoir area as a sanitary landfill, a number of modifications need to be made. To first assess the feasibility of the modifications, NSM possibilities were
evaluated in terms of quality and quantity and the
ground permeability investigated.
Especially in recent years, with the exhaustion
of available sanitary landfill areas new alternative
methods for the storage of waste are being considered; crushing the waste without sending it to the
depot is one alternative approach. With this method
already in use in many states in the US, there is
evidence of an approximately 35% reduction in
waste density. The disadvantage is that the waste
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The aim of the present study is to improve rheological and filtration properties of water based drilling fluids by addition of fly ash and to investigate the
physical and chemical properties of the additive and
drilling mud mixed with 1, 2, 3, 4, 5, 6 and 7 % w/v
of fly ash. The chemical composition and the morphological structure of the fly ash and the drilling
mud mixed were analyzed by XRD, XRF and SEM.
The physical properties of the drilling mud were determined based on API standard, including all filtration and rheological properties. The result of analysis showed that the rheological properties of drilling
mud mixing 6% w/v fly ash increased 13 % cP of
apparent viscosity, 39 % cP of plastic viscosity while
decreased 43 % of the gel strength (10-second 45 %
and 10-minute 40 %). At the same time, it was also
found that fly ash of 6 % w/v added into the drilling
mud reduced the filtration loss about 22 %. Comparing the all data suggested that the water based drilling fluid mixed with ratio 6 % w/v of the fly ash is a
promising additive not only the economical way but
also the environmental perspective, since the fly ash
is a waste combustion byproduct.


(&!"
Fly Ash, Drilling Muds, Rheological Properties, Filtration
Properties.


#!$#
In a drilling operation, drilling mud or drilling
fluid is one of the main components to remove to
rock fragment from the wellbore to implement necessary hydrostatic pressure to cool and lubricate the
all systems and to ensure the stability of the hole and
preventing crossflow of fluids between borehole and
formation [1]. It means that the better selection of a
convenient drilling fluid and improve the physical
and chemical properties of the mud makes drilling
operations easier and economical. For this purpose,
researches have been concentrated on improving the
related properties of drilling fluids by adding additives different in composition and size. Drilling mud
is classified into three main title; as water-based, oilbased and air-based, while water-based mud are

widely used in the industry. The water-based drilling
muds contain bentonite and barite as base solutions,
as well as various additives such as carboxymethyl
cellulose, polymers, etc. [2]. Recently, nano and micro-sized particles have been used as additive for the
drilling mud to especially prevent the filtrate losses
due to the monetary perspective. Filtrate losses are
the passage of drilling mud into holes and small
voids formations, affecting well stability and also
cause safety and cost problems [3,4]. Fly ash in petroleum industry is used mainly as a stabilizing agent
in drilling fluid wastes to avoid groundwater pollution [5]. Another utilization of fly ash is as an additive in foamable drilling fluid for deepwater offshore
well drilling [6]. In the present study, ultra-fine micro-sized fly ash at different concentration ratio was
mixed with drilling fluids to investigate and analyze
the changes on rheological and filtration properties
of drilling fluids. Fly ash is added to water based
bentonite clay drilling mud in different concentrations (% w/v). Plastic viscosity, yield point, apparent
viscosity and gel strength are examined with Fann
Rotational Viscometer as rheological properties, filtrate loss and filter cake thickness are examined with
API fluid loss testing equipment as filtration properties. Finally, rheological and filtration results of fly
ash added drilling mud is compared to conventional
water based bentonite suspensions. Fly ash is mainly
utilized in the cement industry due to its puzzolanic
properties [7] and its bonding property is useful in
the controlling filtrate losses and ensuring well stability [8]. Other nano and micro sized particles used
for this purpose are more expensive than fly ash and
majority of them are imported. In addition since fly
ash is combustion by product, it has become more
accessible due to the increase in the number of coal
fired thermal power plants established in Turkey.
The annual amount of fly ash in Turkey is expected
to exceed 50 million tons by 2020 [9]. A characteristic of fly ash depends on the type of coal burned,
method of combustion and fly ash handling mechanism.
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")473- 8-7)8):165 In order to prepare the
water based drilling fluid, bentonite and barite were
purchased from Turkish Petroleum Corporation
(TPAO). Fly ash was supported from 1200 MW imported coal fired power plant, in which fabric filter
mechanism is applied for fly ash capture, at Iskenderun province in Turkey. The bentonite and the barite
powders were weighed and mixed with water and
then the fly ash was added at different concentration
(1, 2, 3, 4, 5, 6 % and 7 %). 0.1 M NaOH was used
to adjust the pH of the medium and CMC (Carboxyl
methyl cellulose) was also added into the water
based drilling mud to control filtration losses and
viscosities in terms of the API range standards.

5)3>9196.:0-0-41+)3)5, 0>91+)3 867
-8:1-9 Fineness of fly ash was found as 81,25%
passed from 45 micron sieve and Blaine fineness was
higher than 3000 cm2/g. The elemental composition
of the fly ash was determined using X-Ray
Flourescence (XRF) of ARL OPTIMX model. The
phase composition, functional groups and the morphological properties of the fly ash and the drilling
fluids were analyzed by X-ray powder diffraction using Rigaku Miniflex 600 with CuKα (40 kV,15mA,
λ: 1.54050Å) radiation and LeO EVO40 scanning
electron microscope, respectively.
The physical properties of the drilling mud
were determined based on API standard, including
all filtration and rheological properties. Fann Viscometer was used to measure dial readings of the solutions. Rheological properties such as plastic viscosity, appearant viscosity, yield point and 10 min
gel strenth were correlated according to the empirical formulas below;
μp = θ (600 rpm) – θ (300 rpm)
μp : Plastic viscosity (cp)
γp : Yield Point (lbf /100ft2)
γp= θ (300 rpm) – μp

μa =

 

μa : Appearent viscosity (cp)



The filtration properties of solutions were also
found in terms of the API (American Petroleum Institute) standard filter press equipment. 100 psi pressure was exerted to the fluid column for 30 minutes
and filtrate loss as well as mud cake thickness were
recorded. Mud cake thickness was measured in 1/32’’.
Density of the mud was also measured using mud
balance; consist of base and a balance arm with a cup
for counterweight.

!"$#""$""

0)8)+:-81?):1656.:0-.3>)90)5,:0-,8133
15/.3;1,9The fly ash is a byproduct of the coal, so
its mineralogical composition depends on the deposition and chemical composition of coal. Fly ash is
generally grey in color, abrasive, mostly alkaline,
and refractory in nature. The pozzolanic properties
of the ash, including its lime binding capacity makes
it useful for the manufacture of cement, building materials and concrete [10]. The elemental analysis of
the fly ash is given in Table 1. It was seen that the
main composition of the fly ash consisted of silica
and alumina. According to ASTM C 618-08a (2008)
[11], the ash can be classified as “C” type ash due to
the total amount of SiO2, Al2O3 and Fe2O3, which is
greater than the 50%, and CaO content that is more
than 10%.
The XRD patterns of the fly ash and the drilling
fluids mixed with different amount of the fly ash
(some of them were given in the text as an example)
are given in the Figure 1. The XRD pattern belonging to the fly ash showed that the main structure was
quartz. The patterns of the drilling fluids indicated
that the quartz and bentonite structure.
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Morphological analysis of the fly ash and the
drilling fluids indicated that fly ash particles were
spherical, smooth and mostly glassy (amorphous) in
shape (Figure 2). In the drilling fluids, the bentonite
structure was identified and the spherical fly ash particles were also seen in the structure.
..-+:6.:0-.3>)908):166580-636/1+)3)5,
.13:8):1657867-8:1-96.=):-8*)9-,,813315/.3;1,9
In the present study, 1, 2, 3, 4, 5, 6 and 7 % w/v of
fly ash ratio as additives were mixed with the drilling
fluid separately and their effects on rheological properties of water-base drilling mud were investigated.
The change of the appearance viscosity (AV) and the

'


plastic viscosity (PV) versus the fly ash ratio are represented in the Figure 3. It was found that the cp ratio
of the mud increased with fly ash concentration up
to %6, after then viscosities tend to decrease. The result of analysis showed that the rheological properties of drilling mud mixing 6% w/v fly ash increased
13 % cP of apparent viscosity, 39 % cP of plastic
viscosity. It means that the addition of the fly ash up
to 6% into the drilling fluid could provide the better
flowability and reduce the possible problems such as
surge, swab pressure, differential sticking and slow
rate of penetration [12, 13]. Yield point is also important for the selection of pump and pressure
needed to flow the mud from static positions [14].
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Filtration loss and cake thickness depending on
the fly ash ratio are presented in Figure 5 and Figure
6. The filtration loss of the drilling fluid decreased
with increasing the fly ash concentration. Since, the
fly ash consist of ultra-fine particles, these particles
penetrate into holes and decrease permeability of the
drilling fluid into formations. Therefore use of fly
ash decreased filtration losses as seen in Figure 4.
The XRD and XRF results indicated that the fly ash
can be classified as “C” type ash, meaning that it has



Yield point of the drilling fluids was slightly decreasing with fly ash concentration up to % 6, after
this point it increased (Figure 3).
The gel strength, which is indication of the
pressure required to initiate flow after the mud has
been static for some time is shown in Figure 4. The
initial and 10 minutes gel strength decreased with increasing the fly ash concentration. Terakulsatit
(2015) find a different trend in terms of gel strength
indicating a decreased gel strength at %3 fly ash concentration, while having improved gel strength at %
5 and %7 fly ash concentrations.
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a pozzolonic activity and can be act as a bridging
agent. Due to this property of the C type fly ash, very
poor filtration loss was recorded and this was a
highly desirable property in reducing lost circulation.
On the other hand, the high concentration of the fly
ash into the drilling fluid increased the 57 % of the
cake thickness which is not desirable for the drilling
operation and causes extra back flushing operation
that increases the drill operation cost and time [15].
Mahto and Jain (2013) also showed that filtration
properties are improved with increased fly ash concentration as smaller particles have better bridging
effect [16]. Gautam et al. also investigated the substitution of functionalized fly ash with bentonite.
Functionalized fly ash was carried out by the grafting of α-glycol and amine functional groups onto fly
ash and satisfactory rheological and filtration properties are obtained meeting the API grade benonite
[17].
$""

In this study, the effect of fly ash concentration
on rheological and filtration properties of drilling
fluid was experimentally investigated. The results
showed that rheological properties such as plastic
viscosity (PV) and apparent viscosity (AV) were
slightly increasing up to 6% fly ash ratio in the drilling fluid after that the viscosities tend to decrease.
Enhancement of plastic and apparent viscosities can
prevent borehole problems. The filtration properties
were also improved with the addition of the fly ash
while filter cake thickness increased. Further investigation is recommended with different additives,
compositions and particles sizes of fly ash in order
to have improved fluid systems.
!!"
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agricultural soil is 0.53 mg kg-1. The Cd over 3 mg
kg-1 in soil cause toxicity to plants. The Cd concentration in soil of world, especially in the last 20-30
years, has increased. Anthropogenic sources i.e.
industrial activities and phosphorus fertilizer applications, and lithology are the major causes of Cd in
soils. Anthropogenic pathways by which Cd enters
soils are phosphorus fertilizers (54-58%), atmospheric deposition (39-41%) and sewage sludge and
manure (2-5%) [1]. Soil pH, redox potential of
soils, cation exchange capacity, organic matter,
plant type, fertilizer applications and many other
soil and plant factors affect Cd uptake [2].
Non-essential metals i.e. Cd is easily taken up
by plants. The Cd in plant cause some serious
changes in plant characteristics through affecting
biochemical and physiological levels [3]. Cadmium
accumulation in plants retards growth, causes chlorosis, necrosis and formation of reactive oxygen
species (ROS) within subcellular sections, alters
uptake of many essential mineral nutrients and
membrane permeability, restrain activities of certain
enzymes and reduced water potential [4-5-6]. The
performances of processes i.e. photosynthesis, respiration, protein metabolism, nutrient uptake, and
transport are significantly impacted by the presence
of Cd in plant [7]. Cadmium cause oxidative stress
directly by blocking essential functional groups in
biomolecules [8] or indirectly by interacting with
the antioxidative defense system through disrupting
the electron transport chain or inducting lipid peroxidation mechanism [9]. Reducing sugars, such as
glucose, sucrose and related oligosaccharides can
provide significant level of protection against oxidative stress in plants [10].
Tobacco (Nicotiana tabacum), contrary to other crops, can accumulate greater Cd in its leaves.
Davis [11] demonstrated the three times higher
accumulation of Cd in leaves of tobacco grown soil
containing 69 ppm Cd compared to all other crops
tested. In contrast to Cd polluted soils, Cd accumulation in tobacco at relatively low Cd concentration
was reported relatively lower than the leafy crops
such as spinach, Swiss chard or lettuce [12]. Inhibition of photochemical activity of photosystem II
and growth, formation of chlorosis and small rustlike circular spots on leaves, decrease in photosynthetic rate, leaf chlorophyll a and b contents, chlo-

Cadmium (Cd), a heavy metal can be easily
incorporated into the food chain due to its high
mobility in soil-plant system and thus hazardous for
plant, animal and human health. Cadmium, accumulated by plants, causes the degradation of many
metabolic activities such as protein synthesis, nitrogen and carbohydrate metabolism, enzyme activation, photosynthesis and chlorophyll synthesis. In
this study, the effects of increasing Cd doses (0, 2.5,
5 and 10 mg Cd kg-1) on nicotine, reducing sugar
and phenolic compounds of Xanthi/2A tobacco
variety were investigated under greenhouse conditions. The experiment was laid out in a completely
randomized design with four replications. All matured tobacco leaves were harvested in three hands
and dried at sun. The Cd, nicotine, glucose, fructose, chlorogenic and rutin concentrations of leaf
samples were determined. The increasing Cd application to soil (P<0.05) significantly increased the
Cd concentration of tobacco leaves. The nicotine
concentration which is very important alkaloid
component of tobacco was significantly (P <0.05)
reduced by increased Cd application. The nicotine
concentrations in control conditions decreased from
4.21 mg g-1 to 3.54 mg g-1 with Cd 10 treatment.
Reducing sugar concentration (glucose and fructose) of tobacco leaves significantly (P<0.05) varied
with Cd application. Increasing Cd application
resulted in an increase in measured glucose and a
decrease in fructose concentrations (especially at
the dose of Cd 10) of tobacco leaves. The results
revealed that tobacco leaves grown under Cd toxicity conditions accumulate high levels of Cd which
cause significant changes in the concentrations of
components such as nicotine, reducing sugars.
&% !
Cadmium, tobacco, nicotine, reducing sugars, phenolic

" #"
Cadmium (Cd) is a harmful pollutant and toxic
to living organisms in ecosystem. The average Cd
concentration in lithosphere is 0.1 mg kg-1 and in
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65% HNO3 mixture (2:5, v/v). After the digestion
procedure, concentrations of Cd, K, P, Fe and Zn
were measured by an inductively coupled plasma
optical emission spectrophotometry (ICP-OES;
Varian Vista) [21]. Nitrogen content of tobacco
leaves was determined by using Kjeldahl method
[22].

,9,7304(90545-40*5904,*549,49042,(;,8
Nicotine was quantified by HPLC analysis on an
Agilent technology 1260 series HPLC system (Agilent Technologies, Boeblingen, Germany) with a
diode array detector. Separation was performed on a
on a reversed-phase ACE C18 column (Agilent
Technologies) of 250 x 4.6 mm i.d. dimensions and
5 μm particle size. The mobile phase consisted of
1% acetic acid in water (solvent A) and acetonitrile
(solvent B). Alkaloids were detected with UV at
324 nm and nicotine was quantified using an
authentic standard [23].

,9,7304(9054 5- /,4520*8 */2575.,40*
(4+7:904*549,49042,(;,8Phenolic constituents
were analyzed by HPLC system using a poroshell
120 EC C18 column (2.7 μm, 150 mm × 3.0 mm
i.d.) with guard precolumn. The mobile phase consisted of 1% acetic acid in water (solvent A) and
acetonitrile (solvent B) [24].

,9,7304(9054 5- 7,+:*04. 8:.(78 .2:*58,
(4+ -7:*958, *549,49 04 2,(;,8 Reducing sugars
contents of tobacco leaves were analyzed according
to Agilent Hi-Plex Columns for Carbohydrate,
Alcohols and Acids application note using the
Zorbax Carbohydrate column (4.6 x 250 mm and 5
μm particle size) [25].

!9(90890*(2 4(2=808 The significance of difference among the means of treatments determined
by analysis of variance (ANOVA). The ANOVA
was performed according to randomized plot design
using MSTAT-C statistical software. Duncan’s test
was used for comparison of multiple means and
p<0.05 was considered significantly different from
each other and designated by different letters [26].

rophyll a fluorescence and biomass, browning of
root tips and an overall damage of roots have been
reported upon tobacco plants exposure to high to
very high Cd exposure [13-14-15-16]. The aims of
this study were to investigate the effects of Cd on
nicotine, Reducing sugars (glucose and fructose),
phenolic compounds (chlorogenic and rutin) content and Cd uptake of tobacco plants.
" !"!

(9,70(2 The pot experiment reported here
was carried out in a greenhouse at Gaziosmanpasa
University, Tokat, Turkey (40.33°N, 36.47°E, 640
m above sea level). Commercially grown Xanthi/2A tobacco genotype was used as plant material
in the experiment. The greenhouse was maintained
at 33/22 (SD 5) ºC day/night temperature. Seeds
were germinated in flats of sphagnum moss under
greenhouse conditions and tobacco seedlings were
transplanted to plastic pots containing 3.5 kg SiCL
soil. Free draining plastic pots (with an upper diameter of 220 mm and lower diameter of 180 cm; 4 L
volume) were used in the experiments. The greenhouse experiment was lasted for 95 days. All matured tobacco leaves were harvested in three hands.
Leaves were air dried at sun and ground with an
agate mill for subsequent analysis.

,9/5+8 <6,703,49 The experiment was
laid out in a completely randomized plots with four
replications. Pots were daily irrigated with distilled
water to maintain the soil moisture at 80% of field
capacity. The pH of experimental soil was 8.02,
organic matter content was 1.14 and DTPA extractable concentrations of Zn, Fe, Mn, Cu and Cd
were 0.52, 2.11, 3.81, 1.37 and 0.005 mg kg-1, respectively. The tested Cd concentrations were 0,
0.25, 2.5 and 10 mg Cd kg-1 soil and Cd was applied in the form of 3(CdSO4).8H2O. The potting
soil was supplied with 250 mg N kg-1 soil as
Ca(NO3)2.4H2O, 100 mg P kg-1 and 125 mg K kg-1
soil as KH2PO4 and 2.0 mg Fe kg-1 soil as FeEDTA and 2.0 mg Zn kg-1 soil as ZnSO4.7H2O,
thoroughly mixed before planting.
Particle size distribution of experimental soil
was determined by hydrometer method in a sedimentation cylinder, using sodium hexamethaphosphate as dispersing agent [17]. Organic matter was
determined by dichromate oxidation using the modified Walkley Black method [18]. The soil reaction
(pH)) was measured in a saturated paste [19].
DTPA extractable concentrations of Zn, Fe, Mn, Cu
and Cd were determined according to method described by Lindsay and Norvell [20].

,9,7304(9054 5- 959(2 +  , (4+
'4 *54*,497(90548 04 2,(;,8 Leaf samples were
digested in a microwave by using 7 ml 35% H2O2 -

!#"!!#!!

Changes in Cd, zinc (Zn), iron (Fe), nitrogen
(N), potassium (K) and phosphorus (P) concentrations of tobacco leaves obtained by increasing Cd
application rates were presented in Table 1. Cadmium can easily be transferred to green parts after taken
by plant roots. The mobility of Cd in soil is higher
than other heavy metals (Mn, Zn, Mo and Se) and
can be easily taken by many plant species. The Cd,
which is more mobile than other heavy metals in the
soil, can be transported rapidly through the soil-water
system [27]. Therefore, a positive correlation was
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often reported between the increasing doses of applied Cd and the Cd concentration in the leaves. The
Cd concentration in the leaves of Xanthi-2A tobacco
variety significantly (P <0.05) increased with the
increasing Cd application rates. The results reported
by Vasiliadou and Dordas [28] are in accordance
with our findings. They have found higher Cd concentrations in leaves of 17 different tobacco varieties with increased Cd application (0-100-200 and
300 mg kg-1 Cd) to soil and the highest Cd concentration in leaves was obtained with the highest Cd
application rate (300 mg kg-1 Cd). The Cd concentration (0.48 mg kg-1) under controlled conditions
(Cd0) increased 48.9, 89.9 and 110.9 mg kg-1’a with
Cd2.5, Cd5, and Cd10 doses, respectively (Table
1). Various studies have demonstrated that tobacco
plants remove relatively higher concentration of soil
Cd compared to many other cultured crops [29-3031-32]. Grabuloski et al. [33] showed that Cd concentration in tobacco leaves reached to 35.8 to 47.7
ppm in a Zn and Pb processing center in Macedonia
while the Cd concentration of leaves in tobacco
grown region of Macedonia was between 0.75 and
1.82 ppm. Similarly, high Cd concentration of tobacco leaves ranging from 8.6 [34] to 17.4 ppm
[35] has been reported from Cd-polluted region of
Dayu county in Jiangxi province of China.
Zinc concentration of tobacco leaves decreased with increasing Cd application rate, but this
decrease was statistically insignificant (Table 1).
Leaf Zn concentration in control treatment was 65.7
mg kg-1, which decreased to 47.9, 49.0 and 47.7 mg
kg-1 with Cd2.5, Cd5 and Cd10 application doses,
respectively. Various studies reported reduction of
plant Zn uptake due to Cd in soil [36-37-30-38].
Therefore, the decrease in Zn concentrations with
increasing Cd application rates can be a consequence of the antagonistic relationship between Cd
x Zn. Increased Cd uptake of plants under Zn deficiency may be attributed to the competition for
absorption points on the membranes due to the
similarity in chemical properties of Zn and Cd [3940-41] and increased membrane permeability in Zn
deficiency [42].
Cadmium application at different doses to soil
led to increases and decreases in Fe concentrations
in tobacco leaves (Table 1). The Fe concentration in
Cd0 treatment was 286 mg kg-1, which increased to
219, 325 and 318 mg kg-1 with Cd2.5, Cd5 and
Cd10 doses. In a greenhouse study, Erdem et al.
[30] have applied various doses of Cd (0, 0.25, 2.5
and 10 mg kg-1 Cd) to soil where two different
tobacco varieties (Nail and Xanthi/2A) grown.
Increasing Cd application to soil led to variable
changes in Fe concentration of both tobacco varieties. The Fe concentration of tobacco leaves in Cd0
treatment was 203.3 mg kg-1 for Nail variety and
changed to 167.1, 212.4 and 140.7 mg kg-1 with
Cd0, Cd2.5 and Cd10 doses. However, the Fe concentration of tobacco leaves in Xanthi/2A variety

significantly decreased with increasing Cd application to soil. Eker et al. [38] applied three different
Cd (0,10 and 25 mg kg-1) doses on two bread and
two durum wheat varieties and reported that Fe
concentrations of green parts increased in bread
wheat whereas decreased in durum wheat varieties.
The results obtained revealed that increasing cadmium application to soil in general cause to a decrease in Zn concentrations of tobacco plant and a
decrease or increase in the Fe concentrations. The
variation in metal uptake of plants grown under Cd
stress was attributed to the inhibition of root growth
and development due to the damage of plant roots
under Cd toxicity [43].
" 
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1.  1.  1. 
3.1. 

0,48d
65,7
286
3,10 3,05ab 0,20
 
48,9c
47,9
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*Significant at P<0.05 level; ** Significant at P<0.01 level; NS:
non significant

Similar to Fe concentration, increasing Cd application to soil led to increases and decreases in N,
K and P concentrations of tobacco leaves. The leaf
N concentration in Cd0 treatment was 3.10%,
which was decreased to 2.82% with Cd5 and increased to 3.34% with Cd10 treatment. The change
in N concentration with Cd application was statistically insignificant while it was significant (P <0.05)
for K concentration. Increasing Cd doses, except
Cd2.5, increased the K concentration of tobacco
leaves. Almost all Cd forms and application doses
caused to a decrease/increase in macro nutrients
compared to control treatment. Studies indicated
that high concentration of Cd in soil impairs biomembranes of plant root system and increases Cd
displacement in the plant or uncontrolled Cd uptake
of plants. Therefore, transport of macro nutrient
element into plant is decreased/increased which
reduces crop yield [44-45].
Nicotine, primary commercial source of tobacco found also in some plant species, is an addictive alkaloid in humans [46]. Increasing doses of Cd
resulted in a statistically significant (P <0.05) decrease in nicotine, a very important alkaloid component for tobacco (Figure 1). The concentration of
nicotine under control treatment was 4.21 mg g-1
and increased to 4.17, 3.45 and 3.54 mg g-1 with
Cd2.5, Cd5 and Cd10 doses (Figure 1). The mechanism of alkaloid accumulation with metal treatment
has not been clearly understood. However, micronutrients are assumed to have an essential role acting as cofactors of enzymes involved in biosynthetically accumulation of alkaloids [47].
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Sugar helps regulating internal osmolarity and
protecting the molecules and membranes. [48-49].
The soluble (reducing) sugars under stressed conditions also contributes maximizing carbohydrate
storage reserves of plants to assist basal metabolism
[50-51]. The increased Cd application doses to soil
led to significant (P<0.05) changes in reducing
sugar (glucose and fructose) concentrations of tobacco leaves (Figure 2). The increased Cd application rate resulted in an increase in glucose concentration in tobacco leaves while it caused a decrease
in fructose concentration (particularly at Cd10
dose). The concentration of glucose increased from
3.47% at Cd0 treatment to 8.90%, 13.36% and
17.6% with Cd2.5, Cd5 and Cd10 application rates
(Figure. 2a). In contrast to glucose concentration,
increased Cd application to soil led to a decrease in
fructose concentration from 0.31% at Cd0 dose to
0.31, 0.30 and 0.058% with Cd2.5, Cd5 and Cd10
doses (Figure 2b). Guo et al. [52] applied different
heavy metal combinations to various barley varieties and indicated increasing sugar concentration of
barley varieties under stress conditions. Costa and
Spitz [53] have reported, however, that glucose and
fructose contents in lupines have been reduced in
response to the cadmium effect. The metabolism of
sugars and allocation of photosynthates in growing
plants are negatively affected by several stress conditions [54]. High salt content [55], drought [54],
Cd toxicity [56] and cold temperature [50] are reported causing an increase in soluble (reducing)
sugar contents of plants. Higher glucose and fructose contents under stress conditions compared to
control indicates the relationship between tolerance
of tobacco plant with the overall influence of the
transformation on sugar metabolism. Decrease in
sugar consumption under stress conditions may
cause to increase in glucose content of plants [57].


#  
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Phenolic compounds which are active in stabilizing lipid peroxidation have positive relationship
with antioxidant activity. Kapoor et al. [58] suggested that activities of enzymes and radicals scavenging and modulated antioxidant activities under
increased Cd stress demonstrate their active participation in oxidative stress management. Chlorogenic
and rutin concentrations of phenolic compounds,
important for plants, are presented in Figure 3 a and
b. The chlorogenic concentration of tobacco leaves
was 37.78 mg kg-1 at Cd0 dose and this value did
not significantly change with Cd2.5 dose (37.98 mg
kg-1). However, chlorogenic concentration was
significantly (P <0.05) reduced to 25.8 mg kg-1 and
27.91 mg kg-1 with Cd5 and Cd10 doses, respectively. Similarly, Kapoor et al. [58] showed that Cd
(0, 0.2, 0.4, and 0.6 mM Cd) applications led to
significant decreases in chlorogenic concentration
of charlock (   ). The chlorogenic
concentration in control treatment (3.12%) was
reduced to 2.55, 1.26 and 0.678% with 0.2, 0.4, and
0.6 mM Cd doses, respectively [58]. They have also
reported decreases in rutin concentrations with
increased Cd doses. In contrast to our findings,
Kovácik and Klejdus [59] reported an increase in
chlorogenic concentration with increase in Cd concentration. They suggested that the increase in
chlorogenic concentration in response to increase in
metal concentration is a protective response of
plants to the oxidative damage of metal.
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tration has also led to increase in glucose and decrease in fructose concentration (especially in Cd10
dose) of tobacco leaves. Cadmium application
caused to decreases in chlorogenic concentrations
and increased before then reduces rutin concentrations, which are phenolic compounds.
%"!
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with crisis is immensely valuable for sustainable
development. They also introduced an academic
framework that describes households coping in
exogenous and endogenous backgrounds. At present, however, few studies have investigated how to
quantify the effect of livelihood risk on risk-coping
VWUDWHJLHV 7R XQGHUVWDQG KRZ SHRSOH¶V OLYHOLKRRGV
are affected by different types of risks, this study
aimed to evaluate the relationship between livelihood risk and risk-FRSLQJ VWUDWHJLHV 7KLV VWXG\¶V
contributions are as follows: it (1) establishes a
correlation model between livelihood risk and
risk-coping strategies, (2) quantitatively identifies
the impact of livelihood risk on risk-coping strategies, and (3) formulates relevant policies that could
help farmers cope with livelihood risks.

ABSTRACT
This study examined the effect of livelihood
risk on the options for livelihood strategies in rural
IDUPLQJ FRPPXQLWLHV LQ &KLQD¶V 6KL\DQJ 5LYHU
Basin. Using data collected from semi-structured
interviews with 483 households, this study identified the effect of livelihood risk on livelihood
strategies. By establishing an index system of livelihood risk (health, environmental, financial, social,
and information and connectivity risks) and livelihood strategy (convert assets into cash, use loans,
reduce consumption, let children drop out of school,
go out to work and wait for government relief), this
effect was measured and evaluated using multinomial logistic regression. The results indicated that
health risk, environmental risk, and financial risk
were significantly correlated with the options for
livelihood strategies. Meanwhile, social risk and
information and connectivity risk were not significantly correlated with options for livelihood strategies. These findings can support evidence-based
policies that induce farmers to not only adopt more
effective livelihood strategies and improve their
well-being but also to establish specialized associations to improve their capacities and broaden their
stock of livelihood strategies to mitigate livelihood
risk.

CONCEPTUAL BACKGROUND
AND OBJECTIVES OF THE STUDY
Livelihood risk and livelihood strategies have
been increasingly studied in recent years. Significant advancements have been made in the classification of livelihood, livelihood risk, and livelihood
strategies, as well as the impact of livelihood risk
on livelihood strategies.
Livelihood. The livelihood perspective begins
with how different people in different places live,
which indicates the abilities, capitals, and activities
required to make a living, including food and income [4]. A livelihood is sustainable which can
cope with stress and shocks, maintain or enhance its
capabilities and capitals, and provide livelihood
opportunities for the next generation [5].
The concept of livelihood ensures a more holistic view that recognizes the diverse portfolio of
activities that improve income, food security, health,
social relationships, and savings. Moreover, it contributes to other livelihoods in a short- and
long-term at the local and global levels [6].

KEYWORDS:
Livelihood Risk, Risk-Coping Strategies, Shiyang River
Basin

INTRODUCTION
Dealing with risk is a part of daily life for
many farmers in developing countries. As risk reVSRQGHUVIDUPHUV¶HFRQRPLF DFWLYLWLHVDUH UDWLRQDO.
Farmers have accumulated various experiences and
measures to cope with risks in daily production and
life. These experiences and measures include countermeasures farmers can take when they face natural disasters or economic hardship. Scholars [1, 2]
have conducted various studies investigating farmHUV¶ULVN-coping strategies. In particular, Adams et al.
[3] argued that understanding how households cope

Livelihood Risk. 7KH WHUP µOLYHOLKRRG ULVN¶
(refers to the chance of injury, damage or loss) has
been classified into External risks (emanating from
bad harvests, floods, plagues or famines) and manufactures risks (include most of the environmental
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researchers have shown how livelihood strategy
options depend on the tangible and intangible contexts rural farmers live in. These contexts mainly
include climate risk [24], food crisis [25], infertile
cropland [26], variable political contexts [27], and
geographical characteristics [28]. Among these relationships, climate change is increasingly recognized as a significant factor in livelihood strategies
[29]. Chadwick [30] suggested that pastoral production and nomadic lifestyles are universal where
livelihoods depend on access to CPRs (common
pool resources, such as water and grazing land).
Shaw [31] illustrated that potential livelihood strategies for the specific context of vulnerable people
are produced in fishery livelihoods in Aceh. However, the interaction between external environments
and livelihood strategies is always complex. It is
not just one particular context but also a mix of
OLYHOLKRRG ULVNV WKDW LQIOXHQFHV IDUPHUV¶ OLYHOLKRRG
strategy options in coping with livelihood risks.
While climate, water resources, and soil quality are
obviously important, social relationships, education,
and access to market information have also
emerged as significant variables in livelihood strategy options.
The livelihood approach has become an increasingly popular way to understand the interrelationships between livelihood strategies and external
contexts. Nevertheless, there is a lack of empirical
research on the relationship between livelihood
strategies and the above mentioned contexts. In
particular, there are few analytical studies on the
relationship between livelihood strategies and livelihood risks. For this reason, more effort is needed
to assess the effect of livelihood risk on livelihood
strategies. In this sense, it is important to understand how households adapt to and cope with livelihood risks and how they are affected when livelihood risk occurs. More importantly, it is essential to
consider the most effective ways to assist people
dealing with livelihood risks. Therefore, this study
aims to shed light on the effect of livelihood risk on
livelihood strategies, its contribution is threefold: at
first, it quantitatively assesses the present situation
of livelihood risk, which is based on the index systems with livelihood risk by use of suitable econometric methods, (i.e. the Entropy Method) at the
household level. Secondly, it highlights the effect of
livelihood risk on livelihood strategies through the
method with Multinomial Logistic Model. In pursuit of these objectives, the remainder of paper is
organized as follows. In section 2, we describe the
research sites and the methodology applied. Section
3 identifies the effect of livelihood risk on livelihood strategies. Finally, the conclusions are presented in section 4.

risks) [7]. Based on the definition of risk by
UNISDR, risk is not only a possibility of physical
harm but also created in social system in which
risks occur is significantly different from society to
society [8]. µ/LYHOLKRRG FDSLWDOV¶ DV D FRUH LVVXH LQ
livelihood risk analysis indicates the important base
for different communities and households. According to the definition provided by DFID, there are
five categories (human, natural, financial, physical,
and social capitals) forming livelihood capital.
However, information capital should be considered
as a significant form of livelihood capital [9].
Aligned with different types of livelihood capital,
WKHUH DUH ILYH FDWHJRULHV µKHDOWK¶ µHQYLURQPHQW¶
µILQDQFLDO¶µVRFLDO¶DQGµLQIRUPDWLRQDQGFRQQHctivLW\¶IRUPLQJOLYHOLKRRGULVN
Livelihood Strategies. Using available livelihood assets (the resource base for different households), people conduct different livelihood strategies to actualize livelihood outcomes [10]. ThereIRUH³OLYHOLKRRGVWUDWHJLHV´FRPSULVHWKHFRPELQation of livelihood activities and choices farmers
make to achieve their livelihood goals [11]. In addition, livelihood strategies can also be regarded as
the means to cope with external environment [2].
Based on the definition of livelihood strategy, many
scholars have conducted classification studies on
livelihood strategies [13-18]. The main concepts
and advances in the existing literature include the
following: (1) Classification of livelihood strategies.
Alemu [19] classified livelihood strategies into four
categories: only farm, farm and nonfarm, only nonfarm, and nonlabor. (2) Livelihood strategies for
FRSLQJ ZLWK YXOQHUDEOH HQYLURQPHQWV ,Q $M]HQ¶V
[20] analytical framework²the livelihood strategies include incremental adjustment strategies
(buying land and water, increasing their irrigated
area, changing crop mix) and contractive strategies
(selling land and water, and decreasing irrigated
area). Roncoli [21] noted that livelihood strategies
such as animal breeding, borrowing, relatives, migration, and nonfarm work were adopted by rural
households in Burkina Faso to cope with drought.
:KHHOHU HW DO >@ FRPSDUHG LUULJDWRUV¶ SODQQHG
and actual strategies using historical surveys, offering a strong base to support analyzing future adaptation strategies.
Effect of Livelihood Risk on Livelihood
Strategies. Livelihood risk can significantly change
DKRXVHKROG¶VSRUWIROLRDQGXQLWRIFDSLWDOVE\HLWKHU
destroying them physically or dramatically decreasing their value [23]. This means livelihood risk
has serious consequences for livelihood strategy
options and household welfare outcomes. Since the
1990s, the analysis of livelihood strategies has become the essential approach for indicating how
rural farmers make a living in particular contexts.
Using a sustainable livelihood framework, some
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FIGURE 1
Location of the Shi Yang River Basin, China.
Source: Landsat Image (ETM)

Methodological Approach. Sample Size and
Distribution. The data between environment and
economy were firstly collected from government
departments. Then a large questionnaire survey was
conducted during the period June to August 2015
involving 483 heads of farmer household in Jinchang City and Wuwei City. Households from these
two cities were selected by way of random sample
sampling (50 percent of the townships in each of
WKH %DVLQ¶V different geographic sections and 1.5
percent of households in each township).
There are 500 participants interviewed and
483 were completed in our survey, running up to a
response rate of 96.6%. The geographical distribution of the interviewee is shown as follows:
x
Wuwei City: 336 households (116 from
Minqin County, 154 from Gulang County and 66
from Tianzhu County),
x
Jinchang City (Yongchang County): 147
households.

EXPERIMENTAL
Description of Study Area. The Shiyang
River Basin is located in the eastern section of Hexi
Corridor, the western section of Wushao ridge, the
northern section of Qilian Mountains. The total area
is approximately 41,600 km2, a total population is
about 227 million, yielding a population density
about four times greater than an average density.
Given the growing population and economic scale,
there is a serious conflict between livelihood for
farmers and economic development, ecological
protection, a continued deterioration of ecological
situation with a trend spread to an upstream expanVLRQ LV KDSSHQHG 7KH 6KL\DQJ 5LYHU %DVLQ¶V HFological environment is extremely fragile and characterized by severe water shortages. Information
about local livelihood activities in this area can
potentially reveal useful coping mechanisms and
strategies that may be used for reference. Meanwhile, livelihood problems in this river basin are
more typical since a simplification of income
source, a labour turnover, serious ageing population
and liabilities with education and medical care.
Therefore, this research taking Shiyang River Basin
as an example contributes to prevent an influence
from livelihood risk and has an important reference
value for other river basin areas.

Calculation for Livelihood Risk. The types,
severity and frequency of livelihood risk were
evaluated corresponding to five different livelihood
capitals: natural (environmental), physical, financial,
social, and information. Based on the definition of
OLYHOLKRRGULVNSURSRVHGE\81,6'5DQG6KL\DQJ¶V
actual situations, as well as data availability, the
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refers to 'information and connectivity risk', which
indicates the 'appropriate infrastructure' (available
agricultural infrastructure) and limited 'agricultural
market information' (such as seeds, feed, agricultural services etc). Generally speaking, the easier
access to these external information for farmers, the
more effectively they can cope with risks.
In order to evaluate the contribution of different variables in the livelihood risk, a statistical
weight was calculated for each risk factor using the
method both Delphi and Analytic Hierarchy Process
(AHP). The AHP has been extensively employed in
recent years. Using this method to measure statistical weights makes evaluating risk variables more
credible and logical than other available methods. It
provides a rational framework for representing and
quantifying risk variables.

risk categories include five major components:
health risk, environmental risk, financial risk, social
risk and information and connectivity risk [32].
Health risk. For health risk, it mainly indicates the 'residents' health status' when they encounter common disease, genetic diseases, serious
illness and disease caused by 'unhealthy external
environment' such as cattle plague, dysentery, industrial pollution. Because of 'inadequate medical
treatment' (eg. absence of medical service and facilities), some health problems are also existing.
Environmental risk. With respect to environmental risk, the most commonly identified
problem in environmental risk is 'lack of water resources', mentioned by over half of respondents and
consistently ranked more highly than other problems. 'Extreme weather' (such as frost, rain, dust
storms) and 'geological disasters' (such as landslides, mudslides, earthquakes and precipitation
anomalies) in irrigated agricultural area are main
limiting factors which can result in fragile livelihoods condition. Meanwhile, external risks emanating from 'popular crop pest', 'desertification or
salinization', 'groundwater quality mineralization'
and 'destruction of vegetation, deforestation' have
negative influence on daily life and production for
farmers.

Analysis of the Effect of Livelihood Risk on
Livelihood Strategies. Multinomial logistic regression is a method that generalizes logistic regression
to multiclass problems which are used to predict the
probabilities of different possible outcomes of a
categorically distributed dependent variable, given
a set of independent variables. A simple way to
arrive at a multinomial logistic model is to imagine,
for K possible outcomes, running K-1 independent
binary logistic regression models in which one
RXWFRPH LV FKRVHQ DV D ³SLYRW´ DQG WKHQ WKH .-1
outcomes are separately regressed against the pivot
outcome.
Based on definitions and classifications of
livelihood strategies in previous research, the existing features of regional conditions, and data availability, K were identified as different livelihood
strategies: namely, 'convert asset into cash', 'use
loans', 'reduce consumption', 'let children drop out
of school', 'go out to work' and 'wait for government
relief' representing '0', '1', '2', '3', '4', '5' respectively.
Thus, this would proceed as follows, if livelihood strateJ\ ³´ :DLW IRU JRYHUQPHQW UHOLHI  LV
chosen as the pivot:

Financial risk. In case of financial risk, it indicates some factors related to financial resources
which influence what livelihood strategies farmers
conduct (such as agriculture, animal husbandry,
business). Some 'business strategy mistakes' and
'false agricultural products' may bring about huge
losses to farmers. Meanwhile, the 'stability of agricultural product' and 'a rise of input price' have a
VLJQLILFDQW LQIOXHQFH RQ IDUPHUV¶ GHFLVLRQ DERXW D
selection of farming product. In addition, 'magnitude of local credit' and 'access to local credit' have
become main limiting factors if farmers want to
expand the scale of production.

Pr (Yi
Pr (Yi
P (Y
In r i
Pr (Yi
P (Y
In r i
Pr (Yi
P (Y
In r i
Pr (Yi
P (Y
In r i
Pr (Yi
In

Social risk. For social risk, it refers to some
problems such as 'inadequate mutual association
support'. An effective social network ('depth of social relations') which represents for closeness with
neighbours and friends can help farmers reduce
livelihood difficulties and help them coping with
livelihood risk more effectively ('support from
friends & family in difficult times'). An 'employment opportunities for family members' represents
a close social link which contribute farmers to accept more external information. Meanwhile, a
'strength of social security' determines the degree of
social risk for households in a way.

Where
Information and connectivity risk. In addition, another risk factor mentioned in our study

0)
5)
1)
5)
2)
5)
3)
5)
4)
5)

Ei

E0  X i

E1  X i
E2  X i

E3  X i
E4  X i
is the set of regression coeffi-

cients associated with different livelihood strategy
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Yi , and X i (a row vector) is the set of explana-

Pr(Yi

tory variables associated with observation i.
Meanwhile, X i were converted into different

Pr(Yi

5)e

Pr(Yi

1)

Pr(Yi

5)eE1 X i

Pr(Yi

2)

Pr(Yi

5)eE2  X i

Pr(Yi

3)

Pr(Yi

5)eE3 X i

Pr(Yi

4)

Pr(Yi

5)e

Pr(Yi

Pr(Yi

5)

1)

e E1 X i
4

1  ¦ e Ek  X i

2)

e E2  X i
4

1  ¦ e Ek  X i

3)

e E3  X i
4

1  ¦ e Ek  X i
k 0

Pr(Yi

E4  X i

4)

e E4  X i
4

1  ¦ e Ek  X i
k 0

Using the fact that all k of the probabilities
must sum to one, the following formula were
formed:

Pr(Yi

4

1  ¦ e Ek  X i

k 0

E0 X i

Pr(Yi

e E0  X i

k 0

that separate sets of regression coefficients were
introduced, one for each possible outcome.
If both sides and solve for the probabilities
were exponentiate, the following formula were developed:

0)

0)

k 0

livelihood risks, which means health risk, environmental risk, financial risk, social risk, and information and connectivity risk are represented by
X 1 , X 2 , X 3 , X 4 , and X 5 , respectively. Note

Pr(Yi
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RESULTS AND DISCUSSION

1
4

1  ¦ e Ek  X i

Evaluation of Livelihood Risk. The indicator
weight and every value for different variables were
analyzed (shown in Table 1), which indicate that it
is significantly different for each type of livelihood
risk.

k 0

In order to use this to find the other probabilities:

TABLE 1
Estimated Livelihood Risk Variable Weights and Values
Livelihood Risk

Indicator
Weight

Risk
Value

5HVLGHQWV¶KHDOWKVWDWXV
Unhealthy external environment
Inadequate medical treatment
Extreme weather
Geological disasters
Crop pest prevalence
Desertification or salinization
Groundwater Quality Mineralization
Lack of water resources
Destruction of vegetation, deforestation
Agricultural product price stability
Fake Agricultural Products
Input Price Rise
Business Strategy Mistakes
Availability of Local Credit
Access to Local Credit
Absence of Collective Associations
Relationship with Neighborhood and Friends
Support from Friends & Family in Difficult Times
Employment Status of Family Members
Strength of Social Security
Available Infrastructure

0.182
0.487
0.331
0.054
0.108
0.098
0.117
0.143
0.321
0.159
0.267
0.308
0.109
0.248
0.014
0.054
0.185
0.359
0.293
0.107
0.056
0.257

0.1598
0.0391
0.0296
0.0038
0.0005
0.0014
0.1105
0.0098
0.0059
0.1584
0.0058
0.1583
0.0067
0.1928
0.0017
0.1731
0.0029
0.0419
0.0057
0.0042
0.0593
0.1583

Access to various agricultural-related information

0.205

0.0001

Variables

Health Risk

X1

Environment
Risk

X2

Financial Risk

X3

Social risk

X4

Information
and Connectivity Risk

X5

9207

Total
Index
Value
0.1547

0.2013

0.4756

0.3018

0.2574
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FIGURE 2
Description on an Option of Livelihood Strategies

Description of Livelihood Strategy Options.
Analysis of the survey data shows that about 13.0%
(63 households) of the surveyed farmers used 'convert asset into cash' as the main livelihood strategy
against livelihood risk (Figure 2). More than 25.1%
(121 households) of the surveyed farmers selected
'use loans' while 21.1% (102 households) preferred
to 'reduce consumption' to cope with livelihood risk.
Meanwhile, 9.3% (45 households) of farmers used
'let children drop out of school' to counter livelihood risk, whereas 22.6% (109 households) used
'go out to work'. Around 8.9% (43 households) of
surveyed farmers employed 'wait for government
relief' against livelihood risk.

Of the five main risk categories, financial risk,
with a mean index value of 0.4756, appears to be
WKHKLJKHVWULVNFDWHJRU\:LWKLQILQDQFLDOULVNµDcFHVVWRORFDOFUHGLW¶Zith an index value of 0.1731,
FRQWULEXWHV PRVW IROORZHG E\ µEXVLQHVV VWUDWHJ\
PLVWDNHV¶ LQGH[ YDOXH RI   DQG µIDNH DJUiFXOWXUDOSURGXFWV¶ LQGH[YDOXHRI $QDO\VLV
of the survey data shows that around 73% of the
farmers surveyed said that local credit is limited.
Almost half of the farmers (47%) experienced
cheating by business providers through fake agricultural products, including pesticides, seeds and
fertilizer and 44% of the farmers had experienced
losses due to mistakes in business strategy.
Under the category of social risk (with an inGH[ YDOXH RI   µVWUHQJWK RI VRFLDO VHFXULW\¶
appears as the factor with the highest influence (index value of 0.0593). Around 60% of the farmers
reported that the condition of available social security is either average or bad (including very bad).
The survey data reveals that, after financial
risk, elements of social risk are important obstacles
for farmers struggling to cope with vicissitudes in
the external environment. When confronting livelihood risk, it is important for farmers to get help
from social associations, neighbours and friends.
7KH FDWHJRU\ µLQIRUPDWLRQ DQG FRQQHFWLYLW\
ULVN¶LVGRPLQDWHGE\WZRIDFWRUVQDPHO\DYDLODELlity of infrastructure and access to various agricultural-related information. One of the striking findings in the survey is that around 53% of the farmers
did not have any access to adequate information on
agricultural markets (e.g. demand, supply and price
figures for local products). Interestingly as shown
in the TDEOHDERYHµLQIRUPDWLRQDQGFRQQHFWLYLW\
ULVN¶DSSHDUVWREHDELJJHUULVNIDFWRU ZLWKDQLndex value of 0.2574) than environment related risks
(with an index value of 0.2013) and health related
risks (with an index value of 0.1182).

Evaluation of the Effect of Livelihood Risk
on Livelihood Strategies. Overall Test of Relationship. In order to evaluate the relationship between the dependent and independent variables, the
probability of the final model chi-square was calculates as 41.257, which reveals the significant level with 0.016, less than the significance level of
0.05 (i.e., p < 0.05).
Pseudo R-Squared Test. In order to evaluate the
goodness of fit, R-square is often used in regression
analysis. In multinomial logistic regression, using

R2

R2

Cox and Snell ( cs ) and Nagelkerke ( n ) provides an indication of the amount of variation in the
dependent variable. These are described as pseudo
R-squared. If the relationship between the independent and dependent variables is completely irrelevant, the pseudo R-squared value is 0; if the
goodness of fit is improved, the pseudo R-squared
value could be added and closer to 1. SPSS 13.0
was used to conduct statistical analysis in this study.
The distribution in Table 5 below shows that the
values are 0.419 and 0.501, which indicates that the
variability is explained by the set of variables used
in the model between 52.8% and 60.1%.
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TABLE 2
Model Fitting Information
Model
Intercept Only
Final

Model Fitting Criteria
-2 Log Likelihood
1785.264
1452.362

Chi-Square

Likelihood Ratio Tests
df.

41.257

Sig.

5

.016

TABLE 3
Pseudo R-Square
Cox and Snell
Nagelkerke

0.528
0.601

TABLE 4
The Relationship between Livelihood Risk and Livelihood Strategies
Variables

B

Std. Error

Wald

Df.

Sig.

Exp(B)


Intercept
0.0852
0.818
0.071
1
0.918
Health Risk
-0.794
1.856
0.191
1
0.662
0.482
Environmental Risk
3.529
1.527

6.493

1
0.013

0.950

0
Financial Risk
-1.106
0.889
1.629
1
0.153
0.365
4.057
Social Risk
1.405
1.631
0.729
1
0.393
Information and Connectivity Risk
-0.836
1.289
0.451
1
0.502
0.437

Intercept
1.329
0.728
3.485
1
0.052
Health Risk
-1.648
1.635
0.957
1
0.328
0.186
Environmental Risk
3.063
1.296

5.875

1
0.029
0.924

1
Financial Risk
-0.927
0.704
1.627
1
0.153
0.329
0.968
Social Risk
-0.038
1.438
0.003
1
0.984
Information and Connectivity Risk
-0.735
1.127
0.423
1
0.515
0.482

Intercept
1.521
0.732
4.285
1
0.028
Health Risk
-2.401
1.786
1.528
1
0.165
0.082
Environmental Risk
3.429
1.528
8.006
1
0.005
0.808
2
Financial Risk
-1.501
0.733
4.737
1
0.030
0.415
0.654
Social Risk
-0.457
1.538
0.089
1
0.765
-0.131
1.184
0.073
1
0.909
0.822
Information and Connectivity Risk

Intercept
1.019
0.898
1.309
1
0.253
Health Risk
-11.385
2.164
13.578
1
0.000
0.520
Environmental Risk
3.293
1.629
7.104
1
0.008
1.401
3
Financial Risk
-1.492
0.862
2.759
1
0.067
0.232
Social Risk
-0.728
1.885
0.162
1
0.687
0.494
Information and Connectivity Risk
2.170
1.232
2.440
1
0.079
1.383

Intercept
1.513
0.732
4.108
1
0.033
Health Risk
-2.638
1.756
2.294
1
0.130
0.072
Environmental Risk
4.527
1.385
13.495
1
0.000
1.070
4
Financial Risk
-0.515
0.728
0.499
1
0.480
0.585
0.199
Social Risk
-1.869
1.532
1.638
1
0.169
Information and Connectivity Risk
-0.091
1.137
0.067
1
0.933
0.919
(The reference category is: 5.00)
µConvert asset into cash¶(0), µuse loans¶ (1), µreduce consumption¶ (2), µlet children drop out of school¶ (3), µgo out to work¶
(4) and µwait for government relief¶(5)

pendent variable (0.000 < 0.05). The above suggest
that survey respondents who had higher 'health risk'
were less likely to select 'let children drop out of
school' to cope with livelihood risk. The reason for
this is that rural households with higher 'health risk'
are more conscious of developing overall education
levels to sustain their livelihoods in the future.
Therefore, they prefer to spend more money on
education for their children.

Analysis of Results. The regression results for
relationship between livelihood risk and livelihood
strategy are shown in Table 4. The variables that are
significant in the multinomial logistic regression
were chosen based on the significance level of 0.1.
The results indicate the following:
(1) The independent variable 'health risk' is
significant in distinguishing category 3 (let children
drop out of school) of the dependent variable from
category 5 (wait for government relief) of the de-
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mind of capacity. Therefore, there is a certain degree of randomness in the answers for these questions; Another reason is the stability of 'social risk'
and 'information and connectivity risk'. Habitual
living environment and livelihood mode, simple
and stable social relationships are typical characteristics of interviewed households. As a result, it is
relatively stable status for 'social risk' and 'information and connectivity risk' over a period of time.
Therefore, 'social risk' and 'information and connectivity risk' are not as significant as other risks.

(2) The independent variable 'environmental
risk' is significant in distinguishing category 0
(convert asset into cash), category 1 (use loans),
category 2 (reduce consumption), category 3 (let
children drop out of school), and category 4 (go out
to work) of the dependent variable from category 5
(wait for government relief) of the dependent variable (0.013, 0.029, 0.005, 0.008, 0.000 < 0.05). The
above suggest that survey respondents who had
higher 'environmental risk' were more likely to select 'convert asset into cash', 'use loans', 'reduce
consumption', 'let children drop out of school' and
'go out to work' to cope with livelihood risk. It is
well known that water resources shortage is a major
issue that has caused serious environmental problems in the Shiyang River Basin. Having faced a
fragile environment for a long time, local households are more willing to conduct effective livelihood strategies to cope with livelihood risk. Hence,
it is not difficult to understand why the environmental risks and all variables are all related. In addition, it is worth noting that 'environmental risk' is
more relevant to 'go out to work' than other livelihood strategy options (Sig.=0.000). This shows that
rural households in the Shiyang River Basin are
willing to 'go out to work' to avoid problems caused
by the fragile environment, especially with limited
ZDWHUUHVRXUFHVZKLFKKHOSVLPSURYHIDUPHUV¶OLYelihoods and develop the local economy.
(3) The independent variable 'financial risk' is
significant in distinguishing category 2 (reduce
consumption) and category 3 (let children drop out
of school) of the dependent variable from category
5 (wait for government relief) of the dependent
variable (0.030 < 0.05; 0.067 < 0.1). These results
indicate that survey respondents who had more 'financial risk' were less likely to select category 2
(reduce consumption) and category 3 (let children
drop out of school) to cope with livelihood risk. For
each unit increase in ' financial risk ', the odds of
selecting 'reduce consumption' and 'let children
drop out of school' decreases by 58.5% and 76.8%
respectively (Exp(B): 0.415-1.0=-0.585; Exp(B):
0.232-1.0=-0.768). This means rural households in
Shiyang River Basin pay more attention to the importance of education and living level, yet have
more financial risk, which means they could conduct methods aside from reducing consumption or
letting children drop out of school to sustain their
livelihoods.
(4) It should be noted that the independent
variables 'social risk' and 'information and connectivity risk' were not significant for all the dependent
variables. These results could be related to two
reasons: One is the formation of indicators on livelihood risk. Indicators of social risk and information
risk is mostly based on subjective factors, such as
'depth of social relations' or 'lack of agricultural
information'. The respondents' feedback to these
indicators are greatly influenced by respondents'

CONCLUSION
In recent decades, rural households in Shiyang
River Basin have faced the challenge of different
kinds of livelihood risks, significantly influencing
options for livelihood strategies. However, the effects of different types of livelihood risks vary. This
paper sets out a quantitative analysis of various
dimensions of livelihood risks (include risks associated with environment, health, finance, social
factors, and information and connectivity) and their
potential impacts on livelihood strategies of local
IDUPHUVLQ &KLQD¶V6KL\DQJULYHUEDVLQ2XUDQDOysis identifies health risk, environmental risk and
financial risk were significantly correlated with
options for livelihood strategies and environmental
risk was the most significant livelihood risk among
the surveyed Shiyang farmers. However, social risk
and information and connectivity risk were not significantly correlated with options for livelihood
strategies.
In order to induce local farmers to make more
reasonable decisions about their options for livelihood strategies, environmental risks should be a
policy agenda of central and local governments. In
fact, many concrete initiatives²such as ecological
migration and grain for green²have been pursued
by local governments in recent years. Most local
farm households have enjoyed the benefits of these
initiatives. In addition, effective activities could
include developing an ecological compensation
mechanism, regulating the trade system with water
rights, and adjusting the industrial structure to mitigate desertification for Shiyang river basin. In
practice, no single solution can address all livelihood issues. Livelihood strategies will only be effective in the long term if they are complemented
by policies that improve capacities to reduce livelihood risks.
In addition, somewhat surprisingly, our results
show that social risk and information and connectivity risk do not appear to significantly influence
options for livelihood strategies. Although unanticipated, there are some factors such as education
level, income, farming experience, household
size/family labor etc. which influence significantly
on livelihood strategies. It will support further re-
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[8] Shahbaz, B. (2008) Risk, vulnerability and
sustainable livelihoods, insights from Northwest Pakistan. Sustainable Development Policy
Institute, Pakistan. 10-12.
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asset of sustainable livelihood framework.
Discovery and Innovation. 18, 83-91.
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of the United Nations (FAO), Italy. 25-30.
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[12] Meinzen-Dick, M.A. (2002) Assessing the impact of agricultural research on poverty using
the sustainable livelihoods framework. International Food Policy Research Institute, Washington, D.C. 452-504.
[13] Pichon, F.J. (1997) Settler Households and
Land-Use Patterns in the Amazon Frontier,
Farm-Level Evidence from Ecuador. World
Development. 25, 67-91.
[14] Scoones, I. (1998) Sustainable Rural Livelihoods: A Framework for Analysis. IDS Working Paper. Institute of Development Studies,
Brighton, UK. 72.
[15] Ellis, F. (1998) Household strategies and rural
livelihood diversification. The Journal of Development Studies. 35, 1-38.
[16] Sebstad, J., Cohen, M. (2001) Microfinance,
risk management and poverty. World Bank,
Washington, D.C. 115-123.
[17] Browder, J.O., Pedlowski, M.A., Summers,
P.M. (2004) Land Use Patterns in the Brazilian
Amazon, Comparative Farm-Level Evidence
from Rondônia. Human Ecology. 32, 197-224.
[18] Jansen, H.G.P., Pender, J., Damon, A., Schipper,
R. (2006) Policies for sustainable development
in the hillside areas of Honduras, a quantitative
livelihoods approach. Agricultural Economics.
34, 141-153.
[19] Alemu, Z.G. (2012) Livelihood Strategies in
Rural South Africa, Implications for Poverty
Reduction. International Association of Agricultural Economists Brazil. 9, 3-7.
[20] Ajzen, I. (1991) The theory of planned behavior. Organizational Behavior and Human Decision Processes. Journal of Leisure Research. 50,
176-211.
[21] Roncoli, C. (2001) The costs and risks of coping with drought, livelihood impacts and farmers¶ responses in Burkina Faso. Climate Research. 19, 119-132.
[22] Wheeler, S., Zuo, A., Bjornlund, H. (2013)
Farmers¶ climate change beliefs and adaptation
strategies for a water scarce future in Australia.
Global Environmental Change. 23, 537-547.

search instead of being limited to livelihood risk.
This paper is the second outcome of a broader
project examining relationships between livelihood
risk, livelihood capital, and livelihood strategies.
Our previous focus as the basis of this study has
been on the character and empirical significance of
risk, the relationship between livelihood risk and
livelihood capital (Fang, 2018). This work is aimed
to explore more carefully practical, policy options
to help guide policy-makers and others to implement strategies to enhance livelihood capitals and
cultivate appropriate coping mechanisms. In light
of significant and dramatic changes in global climate as well as national and global economic circumstances work of this nature takes considerable
contemporary significance.
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This great history produces a huge archeological
treasure, immovable and movable. Immovable
treasures include the temples, tombs, pyramids,
mosques and buildings, and the movable treasures
are the art pieces. These were made from different
materials from organics such as woods, manuscripts, or textiles; or the inorganics such as stones
and metals.
Many monumental buildings in old Cairo are
constructed from limestone [1] which have undergone deterioration from man-made effects, the climate change or the weathering actions over the last
centuries which have affected the physical, chemical, and mechanical properties of the construction
materials. This decay can be seen with the characteristic color changes of the stone surfaces [2, 3].
This has been compounded further with biological
deterioration from fungi, algae, and bacteria attacks
on the buildings blocks. The persistence of chemical corrosion by sulfation on the exposed materials
[4, 5], with the presence of fungal colonies on the
stone surfaces of these buildings [6], suggest a
combined action of particulate pollutants and microbial colonization in the stone deterioration.
Fungi have the most damaging effects, attacking and even penetrating the surfaces of the stone
monuments [7, 8] where their activities are enhanced by climatic conditions (high irradiation,
extreme wetting and drying by humidity, temperature, and underground water), and environmental
factors (air pollution and air eutrophication). Although the inorganic composition of the stones
should deter the growth of these heterotrophic microorganisms, it is likely that the organic residues
from different sources on the stone surface have
served as nutrients [9]. Light and sufficient warm
temperature, in combination with rich nutrients of
organic residues, catalyze reproduction of quiescent
(dormant) fungal spores [10]. Those sensitive to
humidity and heat, have hyphal growth that penetrates the substrate, with destructive effects [11].

ABSTRACT
The present work reports on the use of some
medicinal plants as candidates against fungal contamination in historical buildings. Isolation of different
fungal species was made from three different buildings in old Cairo (mosque of Tameem Al-Rassafy,
madrasa of Azbak Al-Yusufi, and mosque of Yusuf
Agha Al-Heen), which had undergone deterioration on
their limestone surfaces. The plants were collected
from the Egyptian herbalism and duly confirmed and
identified as that belonging to Eugenia caryophyllata
(Clove), Piper nigrum, and Thymus vulgaris. Extraction of the crude oil was carried out using steam distillation method and the antifungal activities of the crude
oil extracts were examined on the isolated fungi. The
potential sterilization of the crude oil extracts was
further investigated on the limestone samples and the
effectiveness of the treatment evaluated with laboratory tests. The results indicated that the formulated
treatment was suitable for monumental stone conservation.

KEYWORDS:
Antifungal activity, Biological deterioration, Clove, Piper,
Thymus, Steam distillation.

INTRODUCTION
Egypt has a long historical heritage, representing different eras, starting from ancient ages of the
Pharaonic period, passing through Isa alaihissalam
(Jesus Christ), the Greeks, Batolamics, and the Romans, through the Islamic period, into modern
Egypt as seen today. This has placed Egypt in a
unique and important position among the countries
with monumental heritage. The old Cairo is considered as an open museum of different historical periods [1], containing all the preceding old capitals.
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from El-Mokattam quarry in Mamluk [21], Fatimic,
and Khedive Cairo. The three monumental buildings in old Cairo, as shown in Fig. 1, are around
400-600 years old. These are: 1) the mosque of
Tameem Al-Rassafy (monument No. 227) which
has been built during Mamluk period circa 1471
AD or 876 HD and located in Tameem Al-Rassafy
St., Sayeda Zainab; 2) the madrasa of Azbak AlYusufi (monument No. 211) which has been built
during Mamluk period circa 1494 AD or 900 HD
and located in Azbak St., Sayeda Zainab; 3) the
mosque of Yusuf Agha Al-Heen (monument no.
196) which has been built during Ottoman period
circa 1625 AD or 1035 HD and located in Port Said
St., Bab El-Khalk square, El-Darb Al-Ahmer.

Sterilization of the buildings and the limestone
through painting and spraying with bioactive chemicals could be the effective way to prevent the decay. Some of the medicinal plants such as the clove,
Piper and Thymus are known to exhibit potent bioactivities especially anti-microbial and anti-fungal
activities. Eugenol in clove oil extracted from Eugenia caryophyllata Thumb has shown bactericidal
and lipoxygenase inhibitory activities [12, 13], and
also inhibits the growth of a microorganism in vitro
[14, 15]. Piper nigrum Linn. or black pepper (Piperaceae) is frequently used in the curry recipes as
ingredient in the prescriptions of folk or traditional
medicine and Ayurveda as aphrodisiac, carminative, analgesic, stomachic, antiseptic, diuretic and
for the treatment of cough, rheumatoid arthritis,
peripheral neuropathy, melanoderma, and leprosy
[16, 17]. The main active ingredient of Thymus
vulgaris (common thyme) essential oil is the thymol (20-54%). The plant has been used as a disinfectant, antiseptic, anodyne, anti-inflammatory,
rubefacient, antitussive, aperitif, carminative, demulcent, depurative, diaphoretic, digestive, and
diuretic, fungicide, nervine, sedative, stimulant, and
vermifuge [18, 19].
The objectives of this study were to simulate
the treatment of the limestone blocks cut from ElMokattam quarry in the similar way it is now being
applied for paper documents and manuscripts in the
National Library of Egypt [20]. Three medicinal
plants- Piper nigrum Linn., Thymus vulgaris L. and
Eugenia caryophyllata Thumb were collected and
the crude essential oils extracted and applied to
different fungal isolates from those three monumental buildings. The cubic limestone samples were
infected with the fungal isolates and the stone samples were sterilized by painting, and spraying with
the crude extracts and left under the normal polluted environment and the antifungal activities were
evaluated.

Collection of medicinal plants. Piper nigrum
Linn., Thymus vulgaris L. and Eugenia caryophyllata Thumb were collected from the Egyptian herbalism and duely confirmed and identified. Thymus
vulgaris (aerial shoots), Eugenia caryophyllata
(calyx and petals) and Piper nigrum (seeds) were
air dried, ground finely by a mortar and pestle to
powder and weighed.
Extraction of the crude essential oils. Ethanol (95%) was used as a solvent for extraction at
3:1 ratio with the known amount of the dry powdered plant (250 g). The mixture was kept for 72 h
at room temperature. The solvent was evaporated
using a hot rotary vacuum evaporator at 25 oC, to
get the crude oil.
Isolation of different fungal species. The locations of different fungal species from the three
historical buildings are shown in Fig. 2, were cultured on Potato Dextrose Agar medium (PDA).
After 5 days of incubation, separated fungal species
were isolated and transferred to Cezapex ± media at
25 °C for 5 days, to obtain a single, pure fungal
species. Identification of the pure fungal species
was observed under light microscope (400x magnification) compared and tentatively taxonomically
identified as follows: Aspergillus flavus, Aspergillus niger and Penicillium; Aspergillus terreus;

EXPERIMENTAL SECTION
Monumental buildings under study. Significant numbers of monumental buildings are made

FIGURE 1
Images of (a) mosque of Tameem Al-Rassafy, (b) madrasa of Azbak Al-Yusufi and (c) mosque of Yusuf
Agha Al-Heen.
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FIGURE 2
The fungal isolate locations from (a) mosque of Tameem Al-Rassafy, (b) madrasa of Azbak Al-Yusufi and
(c) mosque of Yusuf Agha Al-Heen.

FIGURE 3
Cubic limestone samples (a) before fungal injection, (b) after fungal injection and (c) after treatment with
the mixture of crude oil extract.

RESULTS AND DISCUSSION

Aspergillus fumigatus; and Fusarium (Atlas Micologia) [22, 23]. These were confirmed at the Plant
Pathology Department, National Research Center,
Dokki, Giza, Egypt.

Collection and extraction of medicinal
plants. The yield of crude essential oil extracts obtained was 0.072 g/g (=18 g / 250 g dry aerial
shoots) for Thymus vulgaris, 0.064 g/g (=16 g / 250
g dry calyx and petals) for Eugenia caryophyllata,
and 0.088 g/g (=22 g / 250 g dry seeds) for Piper
nigrum. The medicinal plants such as Eugenia [24,
25] and Thymus [26] are well-documented. Chromatographic and spectrometric analysis of cloves
suggest that eugenol is the major antioxidant [27],
may be responsible for its chemo-preventive action,
where its radical-scavenging activity inhibits superoxide aniRQDQGK\GUR[\OUDGLFDOV 2+ JHQHUDWLRQ
[28, 29]. Eugenol decreases the number of tumorbearing animals [30, 31], and reduces the ironinduced hepatic damage by lowering the lipid peroxidation [32, 33].
The bioactive constituents of Piper nigrum are
the volatile compounds, tannins, phenols and other
substances [34, 35]. The antimicrobial activities of
volatile oils of black pepper against Bacillus subtilis, Pseudomonas aeruginosa, Aspergillus niger,
Candida albicans and Saccharomyces cervisisae
have been reported [36]. Thymus vulgaris shows

Antifungal activity of the crude oil extracts.
The antifungal activity of crude essential oil extracts from the three plants on the isolated fungi
was assayed at different concentrations of 250, 500,
1000 ppm in Petri dishes by well diffusion method.
Simulation experiments. Cubic samples from
the limestone at 5x5x5 cm dimensions, as shown in
Fig. 3, were prepared and the samples were infected
by injection with the fungal isolates, incubated for 5
days at 25 oC. These were then made to undergo
weathering cycles with water and sodium chloride
(10% solution) in the normal environmental conditions for three months.
Sterilization of the samples. The stone samples were sterilized by painting, and spraying and
left in the normal polluted environment for two
weeks at 500 ppm concentration of each Clove,
Piper, and Thymus extracts alone or in mixtures.
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pergillus flavus var. columuaris, Aspergillus parasiticus, Aspergillus terreus, Aspergillus niger, Aspergillus fumigatus, Fusarium and Penicillium.
Four strains: A. niger, A. flavus, Fusarium and Penicillium, were consistently isolated in higher concentrations from all the three buildings. Table 2
shows that as high as 30 CFU/cm2 (26.3%) of A.
niger was isolated, followed by Fusarium (24
CFU/cm2, 21.1%), A. flavus (21 CFU/cm2, 18.4%)
and Penicillium (19 CFU/cm2, 16.7%). The rest
were all less than 10%. This also confirmed earlier
reports that the most dominant fungi isolated from
Egypt are Aspergillus spp. [40].

antimicrobial, insecticidal and fungicidal properties
and effective against the fungus that commonly
infects toenails [37]. The larvicidal potentials of
thymol derivatives on Anopheles mosquitoes have
been studied [38] and the structure of thymol and
its (1) O-methyl (2), O-ethyl (3), acetate (4) and
benzyloxy (5) derivatives have been evaluated for
their efficacies as insecticides/larvicides [39].
Isolation of different fungal species from
samples. Table 1 and Fig. 4 show the eight different isolates from the three historical buildings
which were characterized based on their morphology. They were identified as Aspergillus flavus, As-

FIGURE 4
Fungal isolates from the three historical buildings (a) Aspergillus niger, (b) Aspergillus flavus,
(c) Aspergillus fumigatus, (d) Penicillium, (e) Aspergillus terreus and (f) Fusarium.
TABLE 1
Fungal isolates concentration.
Building

Madrasa of Azbak Al-Yusufi

Mosque of Yusuf Agha Al-Heen

Mosque of Tameem Al-Rassafy

Microorganism
Aspergillus niger
Aspergillus flavus
Aspergillus terreus
Fusarium
Penicillium
Aspergillus niger
Aspergillus flavus
Aspergillus parasiticus
Fusarium
Penicillium
Aspergillus niger
Aspergillus flavus
Aspergillus parasiticus
Aspergillus terreus
Aspergillus flavus var. columuaris
Aspergillus fumigatus
Fusarium
Penicillium
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CFU/cm2
12
10
6
9
8
6
4
3
5
2
12
7
2
5
3
1
10
9
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TABLE 2
The concentration and percentage of fungal isolates.
CFU/cm2
30
24
21
19
11
5
3
1
114

Microorganism
Aspergillus niger
Fusarium
Aspergillus flavus
Penicillium
Aspergillus terreus
Aspergillus parasiticus
Aspergillus fumigatus
Aspergillus flavus var. columuaris
Total

%
26.3
21.1
18.4
16.7
9.6
4.4
2.6
0.9
100%

TABLE 3
The effects of different concentrations of crude oil extracts on fungal isolates.
Oil Conc. (ppm)
Fungi
Aspergillus niger
Fusarium
Aspergillus flavus
Penicillium
Aspergillus terreus
Aspergillus parasiticus
Aspergillus fumigatus
Aspergillus flavus var. columuaris

250
-

Clove
500
+
+
+
+
+
+

1000
+
+
+
+
+
+
+
+

250
-

Thyme
500
+
+
+
+
+
+
+
+

1000
+
+
+
+
+
+
+
+

250
-

Piper
500
+
+
+
+
+
+
+

1000
+
+
+
+
+
+
+
+

A. fumigatus

A. terreus

Radial growth (cm)
7
6.5
0.25
1
1
0
0.75
1
0.25
1
0
1
0
1
0
0

Growth (%)

7.8
1
0.75
1
1
0.25
1
0

Fusarium

8
1
1
1
1
0.5
1
0

Penicilum

8
0.5
1
0.5
0.5
0.25
0.5
0

A. niger

Control
Clove
Thyme
Piper
Clove + Thyme
Clove + Piper
Thyme + Piper
Clove + Thyme + Piper

A. flavus
var.
columuaris

Extract

A. parasiticus

Fungi

A. flavus

TABLE 4
The effects of crude oil extracts combinations on fungal isolates radial growth.

8
0.5
1
0.5
0.5
0.5
0.5
0

5
1
0.5
0
0
0
1
0

7
0.5
1
0
0
0
1
0

100
7.7
8.3
6.3
5.7
3.3
8
0

from the limestone as most of the historical Islamic
buildings in old Cairo are built from the limestone
of El-Mokattam plateau, which is the main quarry
in Cairo during that period of time [43]. Fig. 5
shows the XRD diffractogram of the limestone
samples which suggests that these were large of
Calcite (CaCO3) and Halite (NaCl) composition.
These limestones were infected by injection with
the fungal isolates, incubated for 7 days at 25 oC
and exposed to weathering with water and 10%
sodium chloride solution in the normal environmental conditions for 2 months [43]. NaCl is generally
found in the soil of old Cairo, in addition to sulfur,
and carbonic salts etc. [40]. Salt weathering is the
main erosive process affecting stony materials in
the built environment [44]. These soluble salts can
cause different patterns of deterioration, leading to
irreversible damages through physical stresses [45].

Antifungal activity of the crude essential oil
extracts. Table 3 shows the effects of different
concentrations of crude oil extracts on fungal isolates. The antifungal activity on the isolated fungi
was assayed using the crude extract at concentrations 250, 500, 1000 ppm to investigate the most
effective one. Concentrations at 500 and 1000 ppm
showed positive inhibition on most fungal isolates.
These are in agreement with previous studies [41,
42]. However, at 1000 ppm of all the extracts, all
the isolates were killed. Table 4 further shows that
the mixture at 500 ppm each of the crude oils is the
most effective mixture, as compared to single or the
mixture of two extracts. This suggests the positive
synergistic effect of the three crude oil extracts
higher than the crude oil alone [20].
Simulation experiments. The preparation of
the cubic samples for simulation experiments was
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FIGURE 5
XRD diffractograms of (a) calcite (Cal) and (b) calcite and halite (Hal) stone samples.

FIGURE 6
6WHULOL]DWLRQE\SDLQWLQJ DQG VSUD\LQJ ¶DQG¶ DQGFRQWURO ´ 

CONCLUSIONS

Sterilization of the samples. The cubic sample with fungal injection was completely clear from
blackish fungal coloring upon spraying and painting
treatment with the mixture of crude extracts after
two weeks of treatment. Isolates from these sterilized samples were then transferred to Petri dish to
compare with the isolates before sterilization process. As shown in Fig. 6 SODWHV  DQG ¶ ZHUH Dlmost completely clear of any fungal growth, very
PLQLPDOJURZWKRFFXUUHGLQSODWHDQG¶ Microorganisms, through their biological actions, cause
physical alteration to the pore size, cracking,
changes in humidity ratio, in the chemical composition of the surfaces and finally the acidolithic and
oxido-reductive deterioration, leading to the weakening of the mineral structures [46]. Fungi, specifically, cause severe deterioration of historical buildings [10, 46].
Egypt has more than 60% of all the world
monuments. It is possible to sterilize limestone efficiently and less expensive than the traditional laser
treatment as commonly applied to all monumental
stone buildings, especially with Roman and Greek
monuments. This study has clearly shown the effectiveness of the Clove, Thymus and Piper crude extracts treatment by painting and spraying directly
onto the affected limestone samples to prevent fungal growth that will eventually keep the integrity of
historical building structure intact.

The eight fungal isolates from the three monumental buildings were identified as that of Aspergillus, Fusarium and Penicillium strains. The mixture from the three crude extracts at 500 ppm concentration was the most effective with complete
elimination of the fungal growth. This method of
treatment using selected medicinal plants extracts
mixture could be effective for complete sterilization
of the surface of historical buildings limestone.
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rainfall amount of 450-500 mm for cultivation [6].
The origin of saffron is Anatolian ecology. Although the whole natural ecology of Turkey natural
ecology is suitable for Saffron cultivation, it is
generally grown in the region of Safranbolu which
is located in the west of Black Sea Region [4].
Saffron (Crocus sativus L.) belongs to Iridaceae family. It blooms in autumn and has a special
aroma, color and medicinal characteristics. It is an
alliaceous plant [5, 7]. Saffron is used in food,
paint, cosmetics and pharmaceutical industry. It is
also a promising medicinal plant for cancer treatment. Therefore, it has long been the most expensive spice of the world [8, 9, 10, 11, 12, 13]. Saffron plants have stigmas and they are quite rich in
bioactive compounds such as crocetin, di-glycoside
esters (crocins), picrocrosin, anthocyanins, flavonoids, vitamins, amino acids, proteins and safranal.
Saffron essential oil ratios vary between 0.4-1.5%
[11, 14, 15]. Saffron (Crocus sativus L.) has infertile pollens (triploid natural (2n=3×=24)) and does
not yield seeds. Thus, it is propagated from the
corms, but corm-propagation is a time-consuming
and troublesome process [16, 17, 18].
Plant growth regulators are used in almost
every stage of plant growth from germination till
post-harvest stages. However, dose and timing of
plant growth regulators should be so selected that
desired outcome could be achieved. Plant growth
regulators were successfully used in plant to stimulate propagation, improve germination power of the
seeds, stimulate or retard flowering and improve
cold-resistance of the plants [19]. Gibberellic acid
(GA3) is a growth regulator in the group of stimulators that stimulate growth and development events
and their associated physiological and biochemical
events. GA3 promotes cell proliferation, parthenocarpy, RNA and protein synthesis. Furthermore,
dwarf plants have features such as prolongation,
growth, seed germination, breakage of dormancy,
and encouraging flowering in unvaccinated twoyear plants [20]. Many researchers applied gibberillic acid to break the dormancy in seed and bulbous
plants and to increase germination rate [21, 22, 23,
24].

ABSTRACT
In this study, the effects of different GA3 doses and different corm cutting methods on yield and
yield components of saffron (Crocus sativus L.)
plants were investigated. The study was conducted
during 2013-2014 and 2014-2015 growing seasons
under Hatay - .ÕUÕNKDQHFRORJLFDOFRQGLWLRQV7ZR
separate trials were established for different size
saffron corms (small-size 4-7 cm in diameter, and
large-size 8-12 cm). Firstly, saffron corms were cut
with four different cutting methods (uncut, bottom,
top and side-cut). Saffron corms to be planted were
treated with different doses of 0 water (control),
250 mg/l, 500 mg/l and 1000 mg/l GA3. Experiments were conducted in randomized blocks splitsplit plots experimental design with 4 replications.
Experiments were composed of 128 plots.
In the experiment, the highest GA3 dose rate
was observed in the control plot with 81.9% of the
emergence percentage, dry stigma yield with 123.8
g/ha 1000 mg / l GA3, number of daughter bulbs
was 466.9% in the control and the larger crest was
obtained in the corm yield. Highest rate according
to cutting method, 80.6% cut-out length with small
cut-out, oversized cut, 104.1 g/ha dry cut with large
cut, number of daughter bulbs 470% method was
obtained from large crust with 131.2 kg/ha in case
of corm yield.

KEYWORDS:

Crocus sativus, corm size, GA3, saffron, stigma
yield

INTRODUCTION
Saffron which can be cultivated in tropical and
subtropical climate regions in the northern hemisphere, is successfully cultured in various ecologies
ranging from low to high altitudes up to 2000 m.
Today, Saffron is grown in countries such as Iran,
Spain, India, Greece, Azerbaijan and Italy [1, 2, 3,
4, 5] and requires the annual average temperature of
12 °C, humidity rate of 50-60% and total annual
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iments. Corms were planted at 10 cm depth. Plots
were spaced 30 cm apart (30 cm row spacing).
Normal cultural practices were performed
throughout the growing season. Apart from GA3
treatments, organic or mineral fertilizers were applied before the experiments. Manual weed control
was practiced in the experiments. Irrigation was not
performed. In saffron plants, harvest starts with
blooming. Flowers were manually collected early in
the morning. Collected flowers were transferred to
closed facility, placed over cloth covers. Flower
petals were opened in the same day and their stigmas were removed. Then measurements were made
on flowers. Experimental corms were started to be
harvested in April of 2015. When they dried, corms
were weighted and sized. Emergence ratio (%), leaf
length (cm), daughter bulbs ratio (%), corm yield
(kg/ha) and dry stigma yield (g/ha) traits were also
investigated in this study. These traits were assessed for the first and second year of the experiments. Resultant data were subjected to variance
analysis in accordance with [25]. All the statistical
analyses were performed with MSTAT-C statistical
software. Differences in mean values were tested
with Duncan test.

Saffron production should be supported in a
more serious fashion in Turkey and relevant
measures should urgently be taken to increase saffron cultivated lands. Available corm production
conditions should be improved for stable and reliable saffron cultivation. Saffron corms are pulled out
from the fields and reused as a production material.
Since the corms are buried under soil and cannot be
seen directly from outside, they are subjected to
various damages while pulling them out. Such
damaged corms then exert various risks on their
reuse as a production material. Different cutting
methods were applied to corms in this study to
investigate the effects of such damages. GA3 treatments were also applied to corms to improve available production conditions. Thus, the primary objective of the present study was set to determine the
effects of different GA3 treatments and corm cutting methods on yield and quality attributes of saffron (Crocus sativus L.) plants.

MATERIALS AND METHODS
Materials. Saffron corms to be used as the
experimental material were classified based on their
sizes. The ones with 4-7 cm circumference were
classified as small-size and the ones with 8-12 cm
circumference were classified as large-size corms.
Two different set of experiments with the same
treatments were designed for two different corm
sizes.

RESULTS AND DISCUSSION
Emergence ratio (%). According to variance
analysis data, the effects of different GA3 doses
and different cutting methods on the emergence
ratio of the corm cutting methods in the first and
second year of small-sized corm planting are statistically significant at 0.01 levels. GA3, GA3 doses ×
cutting method interactions were not statistically
significant at every two years. The effect of GA3
doses on the emergence ratio in the first year of
experiment in large size corm planting was statistically significant at 0.01 levels. The cutting method
was not statistically significant as the effect of the
GA3 doses × cutting method. In the second year of
the experiment, the effect of the GA3 doses × cutting method was statistically significant at 0.05
levels. GA3 doses and cutting method were not
found statistically significant. The variance analysis
and compering with Duncan test of the result belonging to different doses of GA3 were illustrated in
Table 1 with capital letters.
In the small-size corms, the greatest emergence ratio (82.5%) in the first and second year of
the experiments was obtained from 250 mg/l GA3
treatment of uncut corms. In large-corms, the greatest emergence ratio was obtained from bottom-cut
control treatment (80%) in the first year and from
side-cut control treatment (90%) in the second year
(Table 1).

Methods. First of all, four different cutting
methods (uncut, bottom cutting, top cutting and
side cutting) were also applied to saffron corms;
Saffron corms were applied with 4 different GA3
doses (control, 250 mg/l GA3, 500 mg/l GA3 and
1000 mg/l GA3). Experiments were conducted in
randomized blocks split-split plots experimental
design with 4 replications. Experiments were composed of 128 plots. Corms were homogeneously
separated for each plot based on their sizes. Then,
they were subjected to 4 different GA3 doses (control, 250 mg/l GA3, 500 mg/l GA3 and 1000 mg/l
GA3). Corms were placed into GA3 solutions prepared at 4 different concentrations in different containers. GA3 solutions were placed in container as
to wet half of the corms from bottom to midsection. Corms were placed into the containers as to
having their tip sup. They were kept within GA3
solutions for 12 hours. They were removed from
the GA3 solutions and dried. GA3 treated corms
were then subjected to 4 different cutting methods
(uncut, bottom, top and side cutting) in 4 replications. Corms (10 of them) were planted over 1 m
long rows with 10 cm spacing between the plants in
each plot. Each row constituted a plot of the exper-
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TABLE 1
Mean values and Duncan groups for the effects of different GA3 doses and cutting methods on
emergence ratios of small and large-size corms (%)
Small-size corms
GA3 DOSE
Cutting methods
GA3
mg/l
Bottom
Top
Side
Uncut
AVERAGES
CONTROL
67.5
67.5
70.0
80.0
71.3
250
55.0
62.5
60.0
82.5
65.0
500
77.5
47.5
57.5
80.0
65.6
1000
60.0
47.5
65.0
72.5
61.3
Mean
65.0AB**
56.3B**
63.2AB**
78.8A**
CONTROL
67.5
67.5
70.0
80.0
71.3
250
60.0
57.5
60.0
82.5
65.0
500
77.5
45.0
60.0
80.0
65.6
1000
60.0
47.5
65.0
80.0
63.2
Mean
66.3AB**
54.4B**
63.8B**
80.6A**
Large-size corms
GA3 DOSE
Cutting methods
GA3
mg/l
Bottom
Top
Side
Uncut
AVERAGES
CONTROL
80.0
77.5
72.5
72.5
75.6A**
250
60.0
52.5
45.0
72.5
57.5B**
500
70.0
72.5
70.0
75.0
71.9A**
1000
60.0
67.5
65.0
80.0
68.2AB**
Mean
67.5
67.5
63.2
75.5
CONTROL
77.5a-b*
77.5a-b*
90.0a*
82.5a-b*
81.9
250
72.5a-c*
82.5a-b*
72.5a-c*
57.5b-d*
71.3
500
47.5d*
77.5a-b*
77.5a-b*
72.5a-c*
68.8
1000
70.0a-d*
65.0a-d*
50.0c-d*
82.5a-b*
66.9
Mean
66.9
75.6
72.5
73.8

** Significant by% 1, * Significant by% 5. Means in the same columns followed by the same letter (s) are not significantly
different at the 1 % level.

plots without uncut corms were higher than the
emergence ratios of the other plots.

Uncut (undamaged) corms had superior emergence durations and ratios than the other (damaged)
corms. The lowest emergence ratios were observed
in top-cut corms from sprouting tip since the growing tip was damaged. While cutting methods were
found to be significant in small-size corms, GA3
doses and interactions were found to be significant
in large-size corms. Negative effects of cutting or
damages in small-size corms were able to be less
covered up by the corm itself. Large-size corms
were less influenced from damages. Thusly, emergence ratios of uncut, 500 and 1000 GA3 doses were
placed in the same statistical group. Increasing GA3
doses helped in reducing the negative effects of
damages. Therefore, the greatest emergence ratio
(90%) was obtained from side-cut control treatment. Present findings comply with the results of
earlier studies [26, 27, 28] carried out with different
plants. In other words, emergence ratios of damaged corms were lower than the emergence ratios
on undamaged corms. [28] A similar study was
conducted with the plant which was close to the
saffron and similar findings were reported with the
results of the study. Emergence ratios of control

Leaf length (cm). According to the variance
analysis data, GA3 doses and different cutting
methods with different methods in small size corm
planting were found to be statistically significant at
0.05 level in terms of GA3 dose × cutting methods
in terms of leaf length in the first and second years
of experiment and the effect of GA3 dose and cutting method was not statistically significant. In
terms of leaf length in the first year on large onion
planting, the effect of GA3 dose and cutting method
was statistically significant at 0.05 levels. The effect of the hormone dose × cutting method is not
statistically significant. In the second year of the
experiment, the GA3 dose, the cutting method, the
GA3 dose × cutting method effect did not become
statistically significant. The variance analysis and
compering with Duncan test of the result belonging
to different doses of GA3 were illustrated in Table 2
with capital letters.
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TABLE 2
Mean values and Duncan groups for the effects of different GA 3 doses and cutting methods on leaf lengths
of small and large-size corms (cm)
Small-size corms
GA3 DOSE
Cutting methods
GA3
mg/l
Bottom
Top
Side
Uncut
AVERAGES
CONTROL 27.0a-c* 25.0c-d*
24.5d* 28.0a-b*
26.1
250
27.3a-c* 27.5a-b* 27.0a-c* 27.5a-b*
27.3
500
28.8a*
26.0b-d* 26.3b-d* 26.5a-d*
26.9
1000
26.8a-d* 28.3a-b* 28.0a-b* 27.3a-c*
27.6
Mean
27.4
26.7
26.4
27.3
CONTROL 21.0a-d* 19.0d-e*
18.5e*
22.0a-c*
20.1
250
21.3a-d* 21.5a-d* 21.0a-d* 21.5a-d*
21.3
500
22.8a-b* 20.0c-e* 20.3b-e* 21.5a-d*
21.1
1000
21.0a-d*
23.3a*
23.0a*
23.3a*
22.6
Mean
21.5
20.9
20.7
22.1
Large-size corms
GA3 DOSE
Cutting methods
GA3
mg/l
Bottom
Top
Side
Uncut
AVERAGES
Control
22.8
25.3
23.8
23.5
23.8A*
250
24.3
25.8
23.3
22.0
23.8A*
500
21.5
24.0
20.8
21.5
21.9AB*
1000
21.3
19.5
18.8
21.3
20.2B*
Mean
22.4AB* 23.6A*
21.6B*
22.0B*
Control
17.3
19.3
17.8
18.3
18.1
250
18.3
19.8
17.3
16.0
17.8
500
16.0
18.0
15.5
15.5
16.3
1000
17.3
15.5
15.8
17.3
16.4
Mean
17.2
18.1
16.6
16.8
** Significant by% 1, * Significant by% 5. Means in the same columns followed by the same letter (s) are not significantly
different at the 1 % level.

were not able to get blooming and thus dry stigma
yield in the first year of their studies.
According to the variance analysis data, the
effects of GA3 doses, cutting method and GA3 doses × cutting methods on the total dry stigma yield in
the first year of experiment, GA3 doses and different cutting methods with different methods were
not statistically significant in large size corm planting. In the second year of the experiment, the effect
of the GA3 doses × cutting method was statistically
significant at 0.01 levels, and the effect of the GA3
doses and cutting method was not statistically significant. The variance analysis and compering with
Duncan test of the result belonging to different
doses of GA3 were illustrated in Table 3 with capital letters.
The greatest dry stigma yield of the first year
(112.5 g/ha) was obtained from the control treatment of top-cut and uncut corms and the greatest
dry stigma yield of the second year (202.5 g/ha)
was obtained from 250 mg/l GA3 treatment of sidecut corms (Table 3). The dry stigma yields of largesize corms varied between 112.0 ± 202.5 g/ha.
Stigma yield was not achieved from the small-size
corms. [29] reported dry stigma yield of saffron
plants as between 833-1288 mg/m2; [30] reported

In small-size corms, the greatest leaf length of
the first year (28.8 cm) was obtained from 500 mg/l
GA3 treatment of bottom-cut corms and the greatest
leaf length of the second year (23.3 cm) was obtained from 1000 mg/l GA3 treatment of top-cut and
uncut corms. In large-size corms on the other hand,
the greatest leaf length of the first year (25.8 cm)
was obtained from 250 mg/l GA3 treatment of topcut corms and the greatest leaf length of the second
year (19.8 cm) was obtained from 250 mg/l GA3
treatment of top-cut corms (Table 2). Overall, the
greatest leaf length (28.8 cm) was obtained from
500 mg/l GA3 treatment of bottom-cut small-size
corms. The present corm sizes correspond to medium-size corm size [7]. In a previous study, leaf
lengths were reported as between 21-24 cm [19]. In
both of those studies, longer leaf lengths were reported for the small-size corms of the first year. In
present study, since drier conditions were dominant
in the second year, shorter leaf lengths were observed in the second year.
Dry Stigma Yield (g/ha). Since blooming
was not observed in small-size corms in both years
of the experiments, only the values obtained from
large-size corms were assessed. Similarly, [7, 8, 23]
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dry stigma yields as between 196-272 mg/m2, [31]
reported the values as between 1,6-2 mg/m2; [32]
reported dry stigma yields as between 187-410
g/da. [4] indicated that saffron did not have adaptation problems, initial and later flowers were observed in large corms, there were significant correlations between main corm size and propagation
efficiency and the greatest yield was obtained from
the lowest altitude. Since the present study area
(Hatay province) has a lower altitude than the other
research sites, higher yield values were obtained in
present study than the earlier ones.
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methods were found to be statistically significant at
0.01 level. GA3 doses × cutting methods were
found to be statistically significant at the 0.01 level
in the large size corm planting. The variance analysis and compering with Duncan test of the result
belonging to different doses of GA3 were illustrated
in Table 4 with capital letters.
In small-size corms, the greatest number of
daughter bulbs per plant (10.5 daughter bulbs/plant)
was obtained from the control treatment of uncut
corms. In large-size corms on the other hand, the
greatest number of daughter bulbs per plant (66.5
daughter bulbs/plant) was obtained from 1000 mg/l
GA3 treatment of top-cut corms (Table 4). So, the
greatest number of daughter bulbs per plant of the
present study was obtained from 1000 mg/l treatment of top-cut large-size corms. Present values
were higher than the values reported by [7, 27, 33].

Number of Daughter Bulbs per Plant (%).
According to the variance analysis data, the effects
of GA3 doses and different cutting methods, number of daughter bulbs cutting method in small size
corm planting and GA3 doses, GA3 doses × cutting

2nd Year

1st Year

TABLE 3
Mean values and Duncan groups for the effects of different GA3 doses and cutting methods on dry stigma
yields of large-size corms (g/ha)
Large-size corms
GA3 DOSE
Cutting methods
GA3
mg/l
Bottom
Top
Side
Uncut
AVERAGES
CONTROL
44.0
112.5
33.7
112.5
75.7
250
67.5
22.5
78.8
90.0
64.7
500
63.7
11.3
33.8
33.8
35.6
1000
55.4
45.0
67.5
90.0
64.5
Mean
57.6
47.8
53.4
81.6
CONTROL
67.5b-c**
78.7a-c**
11.2c**
112.5a-c**
67.5
250
45.0b-c**
135.0a-c**
202.5a**
33.8b-c**
104.1
500
90.0a-c**
45.0b-c**
45.0b-c**
78.8a-c**
64.7
1000
90.0a-c**
90.0a-c**
157.5a-b**
157.5a-b**
123.8
Mean
73.1
87.2
104.1
95.6

** Significant by% 1, * Significant by% 5. Means in the same columns followed by the same letter (s) are not significantly
different at the 1 % level.

TABLE 4
Mean values and Duncan groups for the effects of different GA3 doses and cutting methods on daughter
bulbs formation ratios of small and large-size corms (%)
Small-size corms
GA3 DOSE
Cutting methods
GA3
mg/l
Bottom
Top
Side
Uncut
AVERAGES
CONTROL
90.0a-c**
77.5a-d**
67.5a-d**
105.0a**
85.0A**
250
47.5c-d**
95.0a**
82.5a-c**
62.8a-d**
71.9AB**
500
77.5a-d**
47.5c-d**
65.0a-d**
50.0b-d**
60.0B**
1000
95.3a**
75.0a-d**
35.0d**
92.8a-b**
74.5AB**
Mean
77.5
73.8
62.5
77.6
Large-size corms
CONTROL
550.3a-c**
507.5a-d**
380.0b-e**
430.0b-e**
466.9
250
397.8b-e**
417.3b-e**
454.8a-d
322.8d-e**
398.2
500
507.3a-d**
330.0c-e**
600.0a-b**
387.5b-e**
456.2
1000
219.8e**
665.3a**
285.0d-e**
395.0b-e**
391.3
Mean
418.8
480.0
429.9
383.8
** Significant by% 1, * Significant by% 5. Means in the same columns followed by the same letter (s) are not significantly
different at the 1 % level.
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TABLE 5
Mean values and Duncan groups for the effects of different GA 3 doses and cutting methods on corm yield
of small and large-size corms (kg/ha)
Small-size corms
GA3 DOSE
Cutting methods
GA3
mg/l
Bottom
Top
Side
Uncut
AVERAGES
CONTROL
42.9a-d**
34.7b-e**
25.7c-e**
58.2a**
40.3A*
250
32.6b-e**
33.9b-e**
30.1b-e**
40.5a-e**
34.3B*
500
36.3b-e**
21.5e**
40.5a-e**
23.6d-e**
30.5B*
1000
45.3a-c**
26.1c-e**
24.9c-e**
48.1a-b**
36.1AB*
Mean
39.2A*
29.0B*
30.3B*
42.6A*
Large-size corms
CONTROL
116.0a-d
156.1a-b
89.9b-d
138.5a-c
125.1AB
250
183.6a
173.7a
117.7a-d
62.6d
134.4A
500
115.1a-d
76.3c-d
97.6c-d
90.3b-d
94.8C
1000
88.4b-d
118.5a-d
89.9b-d
132.2a-d
107.2BC
Mean
125.8AB
131.2A
98.8C
105.9BC
** Significant by% 1, * Significant by% 5. Means in the same columns followed by the same letter (s) are not significantly
different at the 1 % level.

CONCLUSION

Corm Yield (kg/ha). According to the variance analysis data, the effects of GA3 doses and
different cutting methods, total corm yields cutting
method in small size corm planting and GA3 doses
× cutting methods were found to be statistically
significant at 0.01 level and GA3 dose effect statistical at the 0.05 level in the large size corm planting. GA3 was found to be statistically significant at
the 0.01 level and the GA3 dose effect statistic at
0.05 levels in the large size corm planting. The
variance analysis and compering with Duncan test
of the result belonging to different doses of GA3
were illustrated in Table 5 with capital letters.
The greatest corm yield of small-size corms
(58.2 kg/ha) was obtained from the control treatment of uncut corms and the greatest corm yield of
the large-size corms (183.6 kg/ha) was obtained
from 250 mg/l GA3 treatment of bottom-cut corms
(Table 5). So, the greatest corm yield of the study
was obtained from 250 mg/l GA3 dose of bottomcut corms.
Present corm yields were similar with the ones
reported by [7, 8, 27], but present findings under
Hatay conditions were higher than those earlier
ones. [28] carried out a study about the close relatives of the present study material and reported the
greatest corm yield for uncut corms. In present
study, while the greatest corm yield in small-size
corms were obtained from uncut corms, the greatest
yield in large-size corms were obtained from topcut corms. While cutting methods were found to be
significant in small-size corms, undamaged corms
were superior over the others. Such a case was
probably resulted from top-cuts from the sprouting
or growing tips of the corms. It is difficult to cover
up the negative effects of damages in small-size
corms. Large-size corms are less influenced from
the damages.

According to results, average 90.0% of output
emergency ratio was obtained in side-cut corm and
control GA3 application in the largest oversized
corm planting. The highest leaf length of small
corm planting was obtained in the first year with
undercutting method and the average leaf length
was found as 28.8 cm at 500 ppm GA3 dose. Moreover, average of 202.5 g/ha dry stigma efficiency
was achieved at 250 ppm GA3 dose in the second
year of the highest test and with side cutting method. Lastly, the highest corm planting yield was
achieved in the production of average 183.6 kg/ha
corm at 250 ppm GA3 dosing.
It was concluded based on present findings
that if the saffron plants were to be produced for
corms, small-size uncut corms would be subjected
to 250 mg/l GA3 treatments. In case where largesize corms are to be used in corm production, it was
concluded that cuts and damages did not influence
corm yields. If the saffron plants were to be produced for saffron yield (dry stigma yield), definitely
large-size corms should be planted and corms
should be subjected to 250 mg/l GA3 treatments for
high dry stigma yields.
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ABSTRACT

INTRODUCTION

In the last few decades, due to an enormous
increase in urbanization, industrialization and tourism activities, the risk of eutrophication has been
gradually gaining more significance, especially for
the closed and semi-closed bays in Turkey.
In order to protect the marine environment
from urbanization and other human activities, decision-makers and organizations involved with environmental management have recognized the necessity for implementation of sound pollution prevention measurement programs and development of
realistic investment plans. Correspondingly, in
7XUNH\WKH³8UEDQ:DVWHZDWHU7UHDWPHQW5HJXOaWLRQ´ EDVHG RQ WKH ³8UEDQ :DVWHZDWHU 7UHDWPHQW
'LUHFWLYH ((& ´ ZDV SXW LQWR HIIHFW LQ WKH
beginning of 2006. According to the Directive,
classification of aquatic environments with respect
to their sensitivity to eutrophication is of crucial
importance in planning urban wastewater treatment
investments.
In this context, the present study aims to, first
of all, develop an evaluation methodology for the
determination of sensitive/less sensitive areas based
on a coastal eutrophication assessment. The methodology takes into account morphological, geographical, hydrodynamic, biochemical and physical/optical characteristics of coastal areas and human activities. By applying this methodology, Izmir
%D\ DQG $OLDJD %D\ ZHUH GHVLJQDWHG DV ³VHQVLWLYH
DUHDV´DORQJWKH$HJHDQFRDVWDO]RQHRI7XUNH\

Marine coastal areas are among the most important ecosystems in the world, providing a wide
variety of ecosystem services that benefit human
well-being and economic wealth, such as food production and nutrient cycling [1]. Various pressures
on coastal areas appear to be causing a eutrophication problem, which has been recognized as one of
the major threats to (coastal) marine ecosystems on
a global scale [2, 3]. Coastal areas, having an average population density three times the global average [4], are zones of conflict; different users have
different demands and, consequently, apply different criteria to establish the value of the coastal
waters and define desired conditions [5, 6]. Therefore, in a changing world, resource managers, researchers, policy makers, and coastal community
planners are tasked with identifying, developing
and monitoring strategies to reduce or reverse the
ecological, economic and social impacts of environmental stressors [7].
Eutrophication is one of the key local stressors
for coastal marine ecosystems, particularly in those
locations with many estuaries, that affects water
quality with many unpleasant consequences [8].
The causes of eutrophication are closely related to
nutrient inputs, mainly phosphorus and nitrogen, to
the water column through anthropogenic activities
such as intense coastal development, sewage discharge, agriculture and a lack of coastal forests or
mangroves [8, 9, 10]. The primary effects of eutrophication are increased production of filamentous algae, changed species composition of microalgae and an increased probability for harmful (and
potentially toxic) algal blooms. A complex array of
secondary effects are extended hypoxic (low oxygen saturation) or anoxic (complete oxygen defiFLHQF\  ERWWRP DUHDV LH ³GHDG ]RQHV´  LQ PDULQH
ecosystems, poorer conditions for zoobenthos and
reduced fish habitats [11, 12, 13, 14, 15, 16]. Thus,
eutrophication causes excessive pelagic production
in coastal areas, which has caused a serious decline
in the primary production of important coastal ben-

KEYWORDS:
Aegean Sea, coastal area, eutrophication, sensitive area,
less sensitive area, Urban Wastewater Treatment Directive (UWWTD)
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least polluted) [23]. The reasoning behind the requirement of the regulation for determining the
³VHQVLWLYH DUHDV´ DQG ³OHVV VHQVLWLYH DUHDV´ IRU
coastal areas is to be able to determine different
levels of treatment technologies, which will be
suitable for the sensitivity of the receiving environment where urban wastewater is discharged.
Therefore, for the installation and operation of
wastewater treatment plants (WWTPs), it is important to take into account both the functional
design (level of treatment) and the discharge of the
treated wastes (location and disposal system) [24].
The measures under UWWTD are essential
for the achievement of the Water Framework Directive (WFD) [25] and Marine Strategy Framework Directive (MSFD) [26] objectives, and these
measures are explicitly integrated in both the WFD
and MSFD Programmes of Measures as "basic
measures". According to the WFD, extending over
coastal waters, the assessment of the levels of nitrogen and phosphorus inputs in aquatic systems
from agricultural and other anthropogenic activities
are considered essential [27]. Thus, harmonizing
coastal urbanization with water quality improvement has become an essential factor for the sustainable use of coastal ecosystem services [28].
Compliance with EU law has been a particular
concern for EU researchers and practitioners during
the last two decades [23]. Although scientists do
not have direct power to change the regulation, the
outcomes of their research have had great influence
RQSROLF\PDNHUV¶GHFLVLRQPDNLQJ[29].
:LWKLQ WKLV FRQWH[W D SURMHFW HQWLWOHG ³0Dnagement of Urban Wastewater on the Coasts of
Turkey: Re-Definition of Hot Points and Sensitive
Areas: Determination of Wastewater Assimilative
Capacities Through Monitoring Modelling Methods
and Development of Sustainable Urban Wastewater
Investment Plans (SINHA Project - 2008-2011)
[30]´ KDV EHHQ LPSOHPHQWHG ZLWK WKH FRRUGLQDWLRQ
of the Ministry of Environment and Forestry in
RUGHU WR GHWHUPLQH WKH ³VHQVLWLYH DUHDV´ DORQJ WKH
coasts of Turkey in accordance with the definitions
included in the international agreements (Barcelona
and Bucharest) and in the UWWT Regulation. This
study was the first of its kind in terms of the classification of coastal areas of Turkey and development
of management strategies within the context of
UWWTD and was applied first along the Aegean
Sea coastal areas.
Accordingly, the main objective of this study
was WR GHYHORS D PHWKRG WR GHWHUPLQH ³VHQVL
tiYHOHVVVHQVLWLYHDUHDV´according to the principles
included in the UWWTD and to apply this method
along the Aegean Sea coastal areas of Turkey,
which are under the intensive threat of anthropologic pressures, to support further planning of UWWT
investments in the region required for sustainable
coastal development.

thic ecosystems [17].
In the last few decades, coastal areas ± as primary receiving bodies for almost all land-originated
pollutants ± were subjected to significant ecological
degradation in Turkey. Intensive human activities,
especially in enclosed or semi-enclosed seas, have
considerably contributed to coastal and marine
deterioration [18]. Further, due to the increase in
industrialization and tourism activities, the eutrophication risk has been gradually gaining more significance for coastal areas. Similar environmental
degradation problems have been indicated for some
particular bays in the Aegean coastal waters of
Turkey based on the assessment results of the national coastal area monitoring program.
The European Union (EU) is aiming to protect
water basins from pollution and the negative effects
RULJLQDWLQJ IURP XUEDQ ZDVWHZDWHU ZLWK LWV ³8UEDQ
Wastewater Treatment Directive (91/271/EEC
8::7' ´ >@ ZKLFK LV LQFOXGHG under the
OHJDOUHJXODWLRQVHQWLWOHG³3URWHFWLRQDQG0DQDJePHQWRI:DWHUV´7KH8::7'LVDUDWKHUH[SOLFLW
and unambiguous piece of EU legislation, which
sets clear objectives that member states need to
comply with, thus limiting the opportunities to
engaJH LQ ³FUHDWLYH FRPSOLDQFH´ WKDW LV DFWLYLWLHV
which offend the spirit but not the letter of the law
[20].
Coastal management should focus remedial
actions on critical coastal areas at hand where the
nutrient loading is high and/or the sensitivity is
high. Marine ecologists can participate with adequate monitoring and interpretation of long-term
data, if available, but the final measures will have
to be decided upon by politicians with financial
considerations [21].
In Turkey, accession negotiations are under
way with the EU, and EU laws are to be transposed
LQWR QDWLRQDO ODZ :LWKLQ WKLV IUDPHZRUN ³8UEDQ
Wastewater Treatment Regulation (UWWT ReguODWLRQ ´ >@ EHFDPH HIIHFWLYH DW WKH VWDUW RI 
as the foundation of the UWWTD. The aforementioned regulation arranges the issues related to the
collection, treatment and discharge of process
wastewater that originates from the industrial sectors defined within the regulation and which can be
decomposed biologically, together with the
wastewater originating from households. The purpose of the UWWT Regulation is to collect urban
wastewater, as well as to treat and discharge it, and
at the same time, to protect the environment against
any negative effects of the wastewater discharges
which originate from certain industrial sectors (specifically, those in Annex 3 of the UWWTD). The
Directive gives instructions to member states on
how to prioritise the wastewater treatment by setting two criteria: the polluting load of the waters
and the type of receiving waters. The latter includes
WKHFDWHJRULHVRI³VHQVLWLYHDUHDV´ WKHPRVWSROOXtHG  ³QRUPDO DUHDV´ DQG ³OHVV VHQVLWLYH DUHDV´ WKH
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To overcome the data deficit in trophic state
HYDOXDWLRQVD³JUD\DUHD´GHfinition has been made
through the quantitative approach for areas that do
not have sufficient eutrophication data. Similar
applications have also been accepted in some EU
countries such as Greece and Spain during the iniWLDOGHWHUPLQDWLRQRI³VHQVLWLYHDUHDV´7KHDGRSWHG
³JUD\ DUHD ,´ DQG ³JUD\ DUHD ,,´ GHILQLWLRQV ZLWKLQ
this context are stated below.
Gray area I: These are bays, gulfs or coastal
areas that have been determined to have a potential
eutrophication risk based on the results of monitoring studies or based on the morphological situation
and evaluation of discharge input data; however,
there is a need for more detailed monitoring studies.
These are areas that should be evaluated again in
terms of eutrophication and are candidates for becoming ³VHQVLWLYHDUHDV´SHUIROORZ-up studies.
Gray area II: These are bays, gulfs or coastal
areas where there is a significant lack of monitoring
data or data may not exist at all; further, these locations are thought to be areas where urban
wastewater inputs could create a eutrophication risk
due to the morphological and water quality characteristics. Therefore, for these bays, gulfs and/or
shore areas, further coastal monitoring studies are
needed to be performed to make more accurate
evaluation for the trophic state evaluation.
In the case where river-sourced pollution loads
are higher than urban pollution loads that are discharged on the coast directly, the definition of a
FRDVWDO DUHD DV D ³VHQVLWLYH DUHD´ DFFRUGLQJ WR WKH
UWWT Regulation is not the correct approach. In
such cases, if the river or part of the river carrying a
substantial urban wastewater pollution load has
EHHQ DQQRXQFHG DV WKH ³VHQVLWLYH DUHD´ WKHQ WKH
coastal area where the river discharges should also
EHDQQRXQFHGDVD³VHQVLWLYHDUHD´However, in the
case where the river in question has not been identiILHGDVD³VHQVLWLYHDUHD´WKHQWKHXUEDQZDVWHZDWHU
discharges resulting from human settlements to the
river in question may be small enough to be neglected in terms of eutrophication risk to the receiving coastal area. Candarli Bay under the effect of
the Bakircay River, Buyuk Menderes Delta and the
Gulluk Bay under the effect of the Buyuk Menderes
River, and the Kusadasi Bay under the effect of the
Kucuk Menderes River on the coasts of the Aegean
Sea can be given as relevant examples. Therefore,
these areas have been as evaluated under the scope
RI ³JUD\ DUHD ,,´ where they should be monitored
under the scope of this study. That is, these are
coastal areas that are under the threat of eutrophication or have been affected by eutrophication due to
nutrient load inputs, which come from excessively
diffused sources.
The characteristics of the receiving environment, where urban wastewater discharges will be
made, and the effects of the land-sourced pollution
on the quality of the coastal water should be ad-

MATERIALS AND METHODS
Eutrophication is defined in the UWWTD as
the enrichment of waters in a way that speeds up
the growth of algae and higher structured plants by
foodstuff, especially by nitrogen and/or phosphorous compounds, which consequently destroy the
balance of living creatures in the water and cause
unwanted deterioration in the quality of the water.
&RQVLGHULQJWKLVGHILQLWLRQ³VHQVLWLYHDUHDV´RQWKH
coasts per the UWWTD should be determined as
the areas found to be eutrophic or as the natural
fresh water lakes, other fresh water sources, estuaries and the coastal waters that will be eutrophic in
the near future if required precautions are not taken.
7KHWHUP³OHVVVHQVLWLYHDUHDV´FDQWKHQEHGHILQHG
as the marine water areas where wastewater discharge does not negatively affect the environment
according to morphological, hydraulic or special
hydraulic conditions. Accordingly, such areas can
be considered as open bays, estuaries and other
coastal waters, where the exchange of water is high
and there is little to no vulnerability to eutrophication or to oxygen consumption due to urban
wastewater discharge.
Two different approaches have been develRSHGIRUWKHGHWHUPLQDWLRQRIWKH³VHQVLWLYHDQGOHVV
VHQVLWLYHDUHDV´RQWKHFRDVWDODUHDV± the ecological
and the quantitative approaches. According to the
ecological approach, it is foreseen that a long
coastal area/bay/gulf should be identified aVD³VHnVLWLYH DUHD´ WR WKH H[WHQW SRVVLEOH HYHQ WKH PLQimum level of eutrophication should be considered
along the Aegean coastal area since this area is
important in terms of tourism and is highly sensitive ecologically. The approach of some EU countries, such as Belgium, Germany, and Holland, are
also based on the principles of this ecological approach. The benefit of this approach is the ability to
plan investments without taking any risks in terms
of the receiving environment. On the other hand,
however, this approach has not been evaluated as
suitable since it does not rely on both long-term and
detailed scientific monitoring studies. Further, the
requirement for large urban wastewater treatment
investments due to insufficient data evaluation also
makes the ecological approach questionable. It is
clear that the aforementioned classification, which
will determine the urban wastewater investments in
Turkey in future years, is especially important when
a long shore line having high socio-economic and
ecological value is considered. Therefore, the selecWLRQ RI ³VHQVLWLYH DUHDV´ DQG ³OHVV VHQVLWLYH DUHDV´
should be based on more detailed coastal monitoring studies in order to develop the most realistic
and sustainable investment plans and to avoid unnecessarily high costs. For this reason, as a quantitative approach, a methodology that is more detailed and based on monitoring results has been
GHYHORSHGIRUVHOHFWLQJ³VHQVLWLYHDUHDV´
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trient as it is often in limited supply and stimulates
plant (algae) growth. Its role in increasing the
aquatic productivity is well recognized [36]. Also,
as noted by Maltezi et al. [37], temperature, pH and
TIN (total inorganic nitrogen) are the principal
factors that primarily determine chlorophyll a.
The Trophic Index (TRIX) was elaborated and
validated in the NW Adriatic Sea by Vollenweider
et al. [38] with the aim to devise a method that
ZRXOG HQDEOH UHVHDUFKHUV WR ³V\QWKHVL]H NHy data
LQWRDVLPSOHQXPHULFH[SUHVVLRQ´LQRUGHUWRPDNH
information comparable over a wide range of
trophic situations. TRIX is based on chlorophyll-a,
oxygen saturation, total nitrogen and total phosphorus to characterise the trophic state of coastal marine waters [39]. The TRIX Index has been determined as part of the evaluation of the sea water
quality of the Aegean coasts in this study, as well.
In this context, changes in the eutrophication
indicator parameters (i.e. chlorophyll-a, nutrients,
oxygen saturation values for the upper and lower
waters, secchi disc) were studied to determine
trophic states and TRIX values, and the special
characteristics of the region (e.g., fish-producing
areas, sea grass-beds, protected areas, etc.) were
assessed.
The trophic states of the Aegean coastal areas
were determined using the limit values for the eutrophication indicator parameters given in Table 1.
These limit values were developed in accordance
with water quality alteration intervals between
reference areas and polluted areas by using the
monitoring period of 2007-2008 [40].
The water quality limit values that have been
determined from this study show consistency with
WKH ³UHFHLYLQJ HQYLURQPHQW ZDWHU TXDOLW\ FULWHULD´
which Greece has developed for its own coastal
waters [41].
All eutrophic water quality criteria should be
considered for determining the water quality class
of coastal waters (e.g., bays, gulfs, and coastal
areas). Especially the condition of oxygen depletion
in the lower waters (saturation <50%) is directly
related to the renewal period of the coastal waters
with the open sea waters in the region studied, layer
formation on the water column and the amount of
the organic material that has settled from the upper
layer to the bed.

dressed together in order to classify the Aegean Sea
coastal areas according to the UWWT Regulation
criteria. The methodology, which has been developed according to this, contains the evaluation
criteria that are indicated below:
x Morphological and geographical characteristics. Under the scope of these criteria, the
coastal area slope percentage (where the coastal
waters are shallow/deep) and the characteristics of
the coast (i.e. presence of bay or gulf, and whether
these are closed or not) were evaluated. It has been
demonstrated that shallow coastal areas can have
bio-production many times higher than the most
productive areas on land [31].
x Hydro-dynamic and bio-optic characteristics. Coastal researchers now understand that eutrophication can be caused not only by nutrient
enrichment but also by other multiple factors, such
as fresh water exchange, climate change, and human manipulation of hydrological conditions,
among others [32]. In addition to these hydrodynamic factors, the bio-optic condition of coastal
waters is a significant indicator in the evaluation of
the trophic state of coastal areas. To evaluate biooptic condition of coastal waters, secchi disc measurement results was taken into account in the study.
Both simple to apply and inexpensive, measuring
transparency with the secchi disk is probably a
unique marine parameter in that its methodology
has been unchanged since 1860 and will remain a
parameter of interest in the future [33].
Open coastal areas are generally not very sensitive to pollution due to the short water retention
times that usually characterize such systems [34].
On the other hand, in closed bays, lagoons and
lakes, which have weak water exchange/renewal
and have small total volumes, significantly low
oxygen concentrations can be observed for the ecosystem along the bottom layer near mesotrophic
conditions (i.e. low nutrient concentrations and
chlorophyll dilution, high secchi disk depth) even
though there is excessive/high production (i.e. eutrophic/mesotrophic conditions) at the upper layer.
Due to these reasons, parameters of the flow
regime (water circulation), interaction of the coast
with the open sea (rate of renewal of coastal waters), seasonal stratification formation in the water
column, and secchi disk depth (light permeability)
of the region were included in this study as one of
the sets of criteria for evaluation of eutrophication.

x Wastewater pollution loads and their distribution according to the sources. Under this
scope, loads of nitrogen, phosphorus and organic
substances, which are sourced from river discharges
and urban wastewater discharging into the coastal
waters were evaluated. In particular, streams and
rivers serve as rapid conduits for anthropogenic
pollutants to estuarine and coastal marine environments [42], which were also considered in the evaluation.

x Bio-chemical characteristics of coastal
waters. Nitrogen and phosphorus are key nutrients
of concerns because the supply rates of these nutriHQWV PRVW RIWHQ FRQWURO RU ³OLPLW´ DTXDWLF SULPDU\
production and biomass production [35]. Almost all
of the phosphorus present in water is in the form of
phosphate (PO4-3), and it is an essential plant nu-
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TABLE 1
Eutrophication criteria determined for coastal waters of Aegean Sea
Physico-Chemical
Eutrophication
Parameters
Conditions
Pollution parameters on surface waters, limit values
Chlorophyll -a (μg/l)
> 7.5
TP (μM)
> 1.5
(NOx)>(NH4) (NOx + NH4) >
(NOx=Nitrite+ Nitrate), NH4 (μM)
20 μM
In waters near the sea bed (deep)
Oxygen saturation (%)
<50
Upper layer
Secchi Disk (m)
<2
(Permeability)

Mesotrophic
Conditions

Oligotrophic
Conditions

2.0-7.5
0.5-1.5
(NOx  1+4) and
(NOx+NH4)=5-20 μM

< 2.0
< 0.5
(NOx)>>(NH4)
(NOx+NH4) < 5 μM

50-80

>80

2-5

>5

known. It is considered to be one of the most oligotrophic regions in the world with an overall nutrient
deficit [43, 44]. As a part of Mediterranean Sea,
The Aegean Sea, situated between Turkey and
Greece, is one of the main parts of the eastern Mediterranean. The Aegean Sea is linked to the Marmara Sea by the Dardanelles Strait and the Black Sea
by the Bosphorus Strait >@ 7XUNH\¶V $HJHDQ
coasts are socio-economically important because of
extensive tourism, agricultural activities and extensive settlement activities, where Izmir is also included as the third largest city of Turkey. However,
these activities result in a rather significant pollution threat for these coastal areas, which are important eco-systems. Therefore, making investment
plans that also consider the eco-systems of the receiving environments is an increasingly important
issue.

FIGURE 2
Distribution of population for the coastal
settlement areas of the Aegean Region of Turkey

FIGURE 1
Settlements situated on the Aegean coastal areas
of Turkey

There are more than 100 large and small
coastal settlements along the Aegean coasts, which
play a vital role for the tourism of Turkey. In this
region, there is a settled population of approximately 4 million, which increases to 5.5 million during
the tourism season (Figure 1). Just over half of
these coastal settlement populations in question live
in Izmir Province within the greater than 150,000
population segment, and the remaining significant

RESULTS AND DISCUSSION
The Mediterranean Sea, especially the eastern
basin (including the Aegean), is a unique environment whose structure and function are poorly
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portion (39%) of population live within the 10,000150,000 population range (Figure 2).
A notably large portion of the urban
wastewater of the Aegean coastal settlements results from settlement and tourism activities that are
increasing rapidly. Izmir is the third largest city in
Turkey and an important harbour along the Aegean
coast. When organic matter and nutrient pollution
loads of the urban wastewater that enter the sewage
system are examined, it appears that a very small
amount (i.e. 10%) is resulting from industrial
wastewater. As much as 80% of all industrial
wastewater discharges from the Aegean coastal
settlements result from settlements in the Izmir
Province.
The treatment levels for urban wastewater according to the percentage of settlements on the
Aegean coasts and according to the percentage of
the total population of the coastal areas are shown
in Figure 3 and Figure 4, respectively. Figure 3
shows that almost 6% of the urban wastewater of
the Aegean coastal settlements with populations
less than 150,000 is discharged to the receiving
environment without applying any treatment. Half
of the settlements in question, whose wastewaters
are discharged into the receiving environment with
at least secondary treatment levels, are medium and
highly populated settlements, whose populations
are within the 10.000-150.000 population segment,
as well as within the greater than 150.000 segment.
Around 50% of the urban wastewater is discharged

Fresenius Environmental Bulletin

to the receiving water body directly or following a
septic tank from small-sized coastal settlements,
which are within the 2.000-10.000 population segment. In the Izmir Province, which is the only settlement that has population of more than 150,000,
nearly all of the urban wastewater receives tertiary
treatment (Figure 4).
The river basins that flow on to the Aegean
coasts of Turkey are the basins that have been under a substantial pollution threat for the last thirty
years due to the extensive settlements, agriculture
and/or industrial activities. The most important of
the basins on the Aegean coasts of Turkey in terms
of their size or in terms of the pollution loads they
carry are the Kucuk Menderes, Buyuk Menderes,
Gediz, Bakircay and Meric Rivers. Nutrients have
also been monitored amongst other pollution parameters in these rivers within the scope of the
MEDPOL Pollution Monitoring Program, which is
a seasonal monitoring program implemented once
every 3 months. According to this, it has been determined that especially the Bakircay and Gediz
Rivers have been polluted in terms of phosphate,
the Gediz and Meric Rivers in terms of nitrogen,
and the Kucuk Menderes has been polluted in terms
of both phosphate and nitrogen parameters. The
finding of high levels of faecal coliform values in
the Gediz River is accepted as being an important
indication of the ingress of household wastewater
[40].

FIGURE 3
Distribution of urban wastewater treatment levels along the Aegean coastal areas settlements of Turkey
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FIGURE 4
Treatment levels of the urban wastewater on the Aegean coastal areas of Turkey according to the
population segment
peninsulas; this is emphasized by the fact that the
mountains on the Aegean coast lie perpendicular to
the sea. The slope of the base of the coasts is largely seen to be more than 1%, also as a result of these
conditions. However, the slope of the base is less
than 1% in certain areas, especially on the coasts of
the North Aegean and on coasts where river mouths
are located (Figure 5).
When the results of the MEDPOL (20062007) monitoring studies are examined, the density
and salinity results for the water column show that
the stratification is very significant along the water
column on the North Aegean coasts; however, it is
weak at some sections of the Bays of Marmaris and
Bodrum, and an intermediate level along the remainder of the coastal areas. Water circulation is
relatively low along the Aegean coastal areas because of the presence of a large number of islands.
Accordingly, water circulation is also weak in the
bays and gulfs, where the slope of the coast is low.
However, the current and the water circulation are
rather strong in the northern part of the Edremit
Bay and in the Kusadasi Bay.
The TRIX Index has been determined within
the scope of this study in terms of the sea water
quality of the Aegean coasts by considering deep
water oxygen saturation, chlorophyll-a and secchi
disc parameters, according to the results of the
SINHA Project [30] and MEDPOL (2006-2007)
[40] monitoring studies. According to this, it has
been determined that the TRIX values are smaller
than 3 outside of some small bays and closed bays
on the Aegean coasts like Izmir Bay, Aliaga Bay,
and Nemrut Bay; in other words, it has been determined that these areas carry oligotrophic characteristics. The dissolved oxygen saturation in the deep
waters appears to be generally higher than 90%,
except for waters in Izmir Bay. While the chloro-

FIGURE 5
Inclination map of Aegean coastal areas
When the morphological characteristics are
examined, the indented geographical structure of
the Aegean coast stands out, since this makes it
possible for the formation of many gulfs, bays and
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phyll-DYDOXHVH[FHHGDYDOXHRIȝJ/LQWKH,]PLU
Bay and in the Nemrut Bay, the value is under 1
ȝJ/LQRWKHUVHFWLRQVRIWKH$HJHDQFRDVWV,QOLQH
with these results, the secchi disc value is generally
greater than 5 m, except for in the inner sections of
Izmir Bay.
The methodology developed as part of this
VWXG\ WR GHWHUPLQH WKH ³VHQVLWLYH DUHDV´ DQG OHVV
VHQVLWLYH DUHDV´ IRU HXWURSKLFDWLRQ RQ WKH $HJHDQ

Fresenius Environmental Bulletin

coasts, in accordance with the quantitative approach, has been applied considering the evaluaWLRQV GHVFULEHG DERYH 7KH UHVXOWLQJ ³VHQVLWLYH
DUHDV´ ³OHVV VHQVLWLYH DUHDV´ DQG ³JUD\ DUHDV´ RQ
the Aegean coasts have been found as summarised
in Table 2. The classifications of the Aegean
coastal areas of Turkey, which have been determined to be in line with the UWWTD, are shown in
Figure 6.

TABLE 2
Criteria used for classification of the coasts of Turkey within the UWWT Regulation scope in accordance
with the quantitative approach
Morphology

CODE REGION
Clos
ed/
Ope
n

Clos
ed

Hydrography

Current/
Coastal WaSlope
ter
(%)
exchan
ge

I

Marmaris
Bay

II

Turunc
(Marmaris) Open >1
± Bodrum
Peninsula

III

South
of
Bodrum
Semi
Peninsula: BodrumOpen
Turgutreis

IV

Turgutreis
±
Guvercin- Open >1
lik (South
of Gulluk
Bay)

V

Guvercinlik ±Didim
(Gulluk
Bay)

VI

North
of
Kusadasi
Open >1
Bay

VII

North
Point
of
Kusadasi
Bay
- Open >1
Alacati
(Izmir)

<1

Land Based
Pollutants

Quality of the Sea Water

O2
Saturation
Stra
Chlo-a
fica- Trix in
deep
ȝJ/
tion
waters
(%)

Sec Urban
chi Wastewater
disc
(m)

Wea
Weak k
-

>90

<1,0

>5

Medium/S
trong

<2

>90

<0,5

>5

Wea <3
k

>90

<0,5

>5

>1
(coasts
of
Medium
Turgutreis<
1)

Medium

Medium

34,8

66-98

<1,0

>5

MeWeak dium

<3

73100

<0,5
(Gulluk
Bay
>1.0*)

>5

Stron
g

Medium

<3

>90

<0,5

>5

Stron
g

Medium

<2,5 >90

<0,5

>5

Medium

>1
Semi
Clos
ed

(Coasts
of
Gulluk
Bay<1)
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sources
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area marina activities,
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tions, oligotrophic
state
Extensive
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VIII

County
Border
between
AlacatiCesme

IX

Cesme
County
Open >1
Border
Karaburun

X

Izmir Bay

Semi
Clos
ed

Clos
ed

>1
Stron
$ODFDWÕ
Bay <1) g

<1

Between
Izmir Bay± Open >1
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Bay of

XI
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XII
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g
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<1,0
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Medium
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Medium
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At
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Bay>
%95
At
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XV
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g
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FIGURE 6
Classification of the Aegean coastal areas within the scope of the UWWTD
coastal areas, and they suffer from extensive tourism and marina activities, closed/semi-closed morphological characteristics and weak water exchange
capacity.
Izmir Bay, one of the great natural bays of the
Mediterranean, has functioned as a major commercial port and has been an area of urbanization and
industrialization for a long period. The bay can be
divided into three zones: the inner, middle and
outer bays according to topographical, hydrological
and ecological features [46]. The inner bay is heavily polluted by nutrients and organic material [47].
The Gediz River, which flows into the bay, is the
second largest river along the Eastern Aegean coast
[48]. Thus, an increase in the organic production in
the surface water can lead to a reduction of dissolved oxygen in the water column and, in extreme
cases, to hypoxia, as experienced in the Baltic Sea

As shown in Table 2, two areas on the Aegean
FRDVW KDYH EHHQ GHWHUPLQHG DV ³VHQVLWLYH DUHDV
These are Izmir Bay (X) and Aliaga Bay (XIII).
Additionally, Edremit Bay (XV), Gulluk Bay (V)
and Marmaris Bay (I) have each been given the
desigQDWLRQRI³JUD\DUHD,´RULQRWKHUZRUGVWKH\
DUH³SRWHQWLDOVHQVLWLYHDUHDV´
Edremit Bay is located south of Biga Peninsula along the northeastern part of the Aegean Sea,
and it is at risk of reaching an irreversible point
where serious negative effects of environmental
pollution are inevitable [45]. As Balkis et al. [45]
point out, TRIX and chlorophyll a values in
Edremit Bay were found to range between 0.862.98 and 0.10-0.56 μg/L, respectively, which are
very compatible with the results in this study (Table
2). Gulluk Bay and Marmaris Bay, on the other
hand, are located in southeastern part of the Aegean
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industrial plants that include extensive petrochemical and metal industries. Despite the fact that
Aliaga is an important industrial city with population of around 2,000, the urban wastewater treatment plant, which performs nutrient removal, could
only begin operations in 2010. For this reason, the
Bay of Aliaga has been a bay under extensive landbased pollution pressure. When examined in terms
of the morphology, it can be seen that the base
slope of the Bay of Aliaga is less than 1%. Currents
and water circulation are weak, and the stratification is at a medium level. According to the satellite
images, the chlorophyll level is lower than 1 μg/l. It
is considered as a coastal area that is under the
threat of eutrophication since it is an oligotrophic
coastal area that is likely to become mesotrophic.
Therefore, Aliaga Bay and Izmir Bay, which
are situated on the Aegean coast, have been evaluDWHG DV ³HXWURSKLF´ RU ³XQGHU WKUHDW RI HutrophicaWLRQ´ FRDVWDO DUHDV ,Q RWKHU ZRUGV WKH\ ZHUH GHsLJQDWHG DV ³VHQVLWLYH DUHDV´ E\ FRQVLGHULQJ WKH
morphological, hydrographic, and sea water quality
criteria together with the extensive ecological pressure of the land-based pollution that surrounds it.

and the polluted Izmir Bay [49, 50, 51]. The main
urbanisation around the bay is the Izmir Metropolitan Municipality. The depth of water in the outer
bay is about 70 m and decreases towards the inner
bay, which is intensively industrialized (i.e. mainly
iron, paper, antifouling paints, chlor-alkali plants,
cement factories, beer industries and a highly active
harbour) relative to the middle and outer parts of
the bay. Nearly all industrial discharges are untreated and discharged through the domestic sewage
network and a few small rivers. The Gediz River,
which flows to the outer bay, is the largest river
discharging into Izmir Bay [52]. The Gediz River
has a length of about 275 km. The Gediz Basin,
with a drainage area of 18,000 km2, constitutes
RI7XUNH\¶VWRWDODUHDThis river is known to
be menaced by wastes from industrial sources,
sewage and agricultural activities. At present, liquid
wastes are discharged into the Gediz River from
two sources: household wastewater and irrigation
runoff [53].
When it is examined in hydrographic terms, it
can be seen that the stratification of Izmir Bay is at
medium level. The bay shows closed area characteristics, and the River Gediz, which carries an
extensive diffused pollution load, also flows on to
the outer section of the bay. The residence time of
waters vary between 3-6 months, and the water
circulation is rather low. While the dissolved oxygen saturation is >95% in the deep waters of the
outer bay, this value is >75% in the middle-inner
bay. According to the results that have been obtained from satellite, WKHFKORURSK\OOLV!ȝJO7KH
secchi disc values are more than 5 m outside of the
inner bay. According to the measurements that have
been carried out, the average TRIX values vary
between 2.06-3.87 and 3.40-7.29 for the outer bay
and middle-inner bay, respectively [40]. Additionally, the Cigli Urban Wastewater Treatment Plant
and the Southwest Wastewater Treatment Plant
exist in Izmir, which treat the greater part of the
extensive domestic wastewater together with the
industrial wastewater arriving at Izmir Bay using
biological nutrient removal methods. For these
reasons, the inner-middle sections of the bay show
eutrophic characteristics, even though there have
been large environmental investments made in
effort to solve the ecological pressure arising from
the land-based sources reaching Izmir Bay. As the
result of the study that has been performed by
Sabanci and Koray [54] on the inner bay, which is
the shallowest section of Izmir Bay, it has been
determined that the density of the phytoplankton
cells have increased since land-based inputs were
introduced. This affects the micro-plankton mass
structure in this section since the water circulation
is lower than other sections of the bay.
Aliaga Bay is a closed bay, which is situated
within the Candarli Bay, where it is surrounded by
the County of Aliaga. The County of Aliaga has

CONCLUSION
In this study, Aegean coasts have been classiILHG DV ³VHQVLWLYH DUHDV´ DQG ³OHVV VHQVLWLYH DUHDV´
in accordance with the UWWTD. In addition to
³VHQVLWLYH DUHDV´ DQG ³OHVV VHQVLWLYH DUHDV´ VRPH
coastal areas have also been classified into two
W\SHV RI ³JUD\ DUHDV´ 7KHVH LQFOXGH WKH FRDVWDO
areas on the Aegean coasts presumed to be under
the threat of eutrophication but cannot be deterPLQHG DV ³VHQVLWLYH´ GXH WR LQVXIILFLHQW GDWD JUD\
area I) and the coastal areas not having any data
and, therefore, should be monitored (gray area II).
The indented geographical structure of the
Aegean coast stands out as an important feature that
makes it possible for the formation of many gulfs,
bays and peninsulas, since the mountains on the
Aegean coast lie perpendicular to the sea. The slope
of the base of the coasts is primarily seen to be
greater than 1% for the same reason, and further,
the water circulation is strong near the coasts. As a
result, the coastal areas on Aegean Sea with these
charactHULVWLFVKDYHEHHQGHVLJQDWHGDV³OHVVVHQViWLYH DUHDV´ SURYLGHG LW KDV EHHQ GHWHUPLQHG WKDW
extensive land-based pollution is not existent and
the coastal water quality is not under a euthrophication threat in the near future.
The Bays of Aliaga and Izmir, which are situated on Aegean coast of Turkey, have been evaluated as eutrophic/under threat of eutrophication
coastal areas ± LQRWKHUZRUGVDV³VHQVLWLYHDUHDV´±
by considering the hydro-morphological and water
quality criteria, as well as the extensive ecological
pressures due to land-based pollution on the receiv-
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control, wastewater treatment and the conversion of
solar energy into biomass [57].
This study was the first of its kind for the classification and development of management strategies for the coastal areas of Turkey within the context of UWWTD [19]. This study indicated the gaps
and needs for coastal management and monitoring
according to UWWTD for the planning of further
studies and investments. Additionally, in the EuroSHDQ 8QLRQ¶V 0DULQH 6WUDWHJ\ 'LUHFWLYH [26], the
PLQLPLVDWLRQRIHXWURSKLFDWLRQHIIHFWVLVVSHFL¿FDlly mentioned as a requirement for indicating good
environmental status. Thus, establishment of effective marine eutrophication monitoring programmes
and continuation of these programmes to handle
crucial long-term time-series data are necessary for
the EC Marine Strategy Framework Directive harmonisation studies of Turkey, as well.

ing environments.
The coastal areas should be monitored in the
future in terms of eutrophication parameters such
WKDW WKH ³JUD\ DUHDV´ LQ TXHVWLRQ DUH LQFOXGHG $cFRUGLQJO\ D ³QDWLRQDO PRQLWRULQJ VWUDWHJ\´ VKRXOG
be created, which would be in harmony with related
EU Directives like the UWWT [19] and the Water
Framework Directive [25], and which would make
the determination of eutrophication tendencies of
the coast as effective and efficient as possible. Subsequently, the coastal areas should be assessed
again in terms of their sensitivity to eutrophication
at four-year intervals, as indicated in the UWWTD
[19].
Two questions to be asked include: 1) What
magnitude of measures is necessary to control point
and non-point sources of pollution, and 2) To what
GHJUHHGRWKHEHQH¿WVRIQXWULHQWFRQWUROMXVWLI\WKH
costs. Determining the reference trophic state provides a starting point for the cost±EHQH¿WDQGIHDVibility analyses of applying control schemes [55].
Selection of treatment technologies in accordance
with the UWWTD, and when required, activities
for UWWT improvement should be carried out
ZLWKLQ WKH GHWHUPLQDWLRQ RI WKH FRDVW¶V HXWURSKLFation sensitivity, as performed in this study. Therefore, coastal areas would be protected in terms of
the eco-system as a result of urban wastewater
treatment technologies (which would be determined
by considering the receiving environment), and
additionally, unnecessary and/or insufficient investments would be avoided.
Experience indicates that, in many instances,
we have considerable control over our ability to
maximize the benefits of investment, provided we
choose the correct investments backed by the appropriate policy prescriptions. For example, sewage
treatment and storm water management have reduced nutrient loading in several major estuaries
[56]. Based on these considerations, effective implementation of the results of this study is expected
to contribute to the protection of Aegean coastal
areas from the adverse effects of eutrophication,
both ecologically and economically.
When the evaluation of the Aegean coasts was
made in terms of eutrophication, the importance of
the loading of nutrients from rivers, as well as urban wastewater from coastal settlements, surfaced.
It is clear that elimination of only urban-sourced
pollution would not be sufficient as a solution for
HXWURSKLFDWLRQ RQ WKH FRDVWV XQOHVV ³JRRG DJULFXlWXUDO SUDFWLFHV´ SROLFLHV DUH GHYHORSHG DQG DSSOLHG
on basins that have been faced with extensive pollution in terms of nutrients, like the Gediz and Kucuk
Menderes Rivers.
On the other hand, as a result of biomass energy research, which in recent years has accelerated
due to rising oil prices, algae are seen to be a promising source of energy. Algal production is the most
effective and economical option for eutrophication
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ABSTRACT

INTRODUCTION

This paper describes the characterization of
124 landrace common bean genotypes (Phaseolus
vulgaris L.) collected from the Western Mediterranean region of Turkey and the effectiveness of the
morphologic characters in revealing genetic differences are explained. The results indicated that 16
(12.9%) of the genotypes have bush growth type,
108 (87.1%) of the genotypes have indeterminate
growth type. The cumulative variation results show
that the genetic variation among climbing genotypes is higher than bush genotypes. The first three
eigen values explained 54% of the diversity among
the bush genotypes, while clarified 39% of the
diversity among the climbing genotypes. It was
determined that the seed properties were the most
effective characters in revealing the genetic diversity of common bean genotypes. Moreover, the results of the correlation analysis show that there is a
relationship between seed size and 100 seed weight,
among the earliness characters and among the seed
color characters. It will be useful to consider the
seed color in the earliness breeding researches. It is
thought that the descriptors that should be prioritized in the characterization researches are the days
to first flowering, %50 flowering date, 100 seed
weights, grain color, grain main color, number of
secondary color on grain, pigment formation and
pod pigment flecks in order to reveal the genetic
variation. On the other hand, to understand better
the diversity of the genotypes, the data obtained
were analysed by cluster analysis. The lowest genotype similarity ratios were found between ADY4AGun25 (19.82%) and ADA3-AS3 (20.02%) genotypes collected from Antalya.

Common bean (Phaseolus vulgaris L.) is one
of the most important crops in terms of human
consumption, animal feeding and sustainable agriculture. The use of beans as animal feed and green
manure increases its importance [1]. Phaseolus
species is a South America originated plant and
contains 55 species. Although there are 5 economically significant bean species among these, 4 bean
species (Phaseolus acutifolius A. Gray, Phaseolus
coccineus L., Phaseolus lunatus L., Phaseolus
vulgaris L.) are commonly cultivated. Although yet
not certain, it is stated that Turkey may be one of
the secondary gene centre [2]. The main reason of
this unique genetic diversity in Turkey, which has
approximately 10 000 plant species, is the topographic and climatic variance.
Phaseolus vulgaris, which holds the 90%
share of cultivated beans, is the most significant
member of genus Phaseolus [3]. Commercial production is mostly limited with standard cultivars;
highly fertile cultivars take place of landrace cultivars, just as several other plant species and this
situation leads landrace cultivars to vanish, in other
words gene resources erosion. Development of
germplasm collections and their characterization is
important for future generations as much as contributing into plant breeding. Bean populations are
collected from different areas in several periods and
preserved in genbanks. Current association to conserve the greatest bean collection is International
Center of Tropical Agriculture (CIAT, genotypes
more than 36 000) [4].
Landrace cultivars represent a great importance as being a gene resource. They may preserve genes providing protection against biotic and
abiotic stress conditions. It is one of the important
genetic resources is landrace varieties as well as
wild relatives of plants. However, newly developed
highly fertile and uniform species replace landrace
species, which are highly adapted with the area they
were grown and this situation ends up with the
replacement of species having a narrow genetic
base with species having a wide genetic base. Pro-

KEYWORDS:
Characterisation, common bean, descriptors, genetic
variation, landrace, morpho-physiological traits
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(w/w%) at field capacity (FC) was 24.0 and 23.5%
and at permanent wilting point (PWP) was 12.8 and
12.8%, in 0±30 and 30±60 cm soil depths, respectively. The electrical conductivity (EC) of irrigation
water was 0.462 dS m-1 and the sodium adsorption
ratio (SAR) was 0.34, which does not pose a risk
for growing bean plants [9].

tection of biodiversity is important to prevent the
loss of genetic resources that may be used in the
future [5, 6].
Morphological and molecular techniques are
widely used in characterization studies. In addition,
Karadavut and Sozen [7] reported that some chemical composition can be used in the characterization
of bean genotypes. In another study, it was stated
that ion accumulation which is important for stress
conditions varies according to the genotypes [8]. It
is thought to be important for characterization especially in stress studies. However, the morphological
characteristics of the plants must be determined
first.
Landrace cultivars are vital materials for development of new species due to their high adaptation ability and being not intervened before.
Throughout this study, abolishing the complexity of
landrace cultivars, reintegrating landrace cultivars,
which are valuable gene resources, into breeding
programs and preventing landrace cultivars from
extinction was aimed. The most important issue on
EUHHGLQJ DSSOLFDWLRQV¶ VXFFHVV LV WR UHYHDO JHQHW
ically differences of current population. Characterization, which was formed as a base for morphological characteristics of landrace common bean genotypes, whose locations are determined, will form a
basis for future breeding applications and will be
beneficial for determining suitable materials. This
study aims to determine which characters can be
used more effectively in morphological characterization studies in common bean and to better understand the diversity of landrace common bean genotypes for further breeding studies.

Morphological characterization. Collected bean
collections were grown in Aksu campus of Western
Mediterranean Region Agricultural Research Institute in April-August in 2015-2016 for two years.
The study was conducted according to a completely
randomized design with three replicates. Morphological observations were held on 15 randomly
chosen plants. Morphological and phenological
criteria determined according to UPOV. A total of
32 morphological and physiological traits were
measured and observed for characterization of the
landrace common beans. These traits were as follows; Plant growth type (GT), Plant height for bush
type (PH), Plant adherence height for climbing type
plants (PH), days to germination (DG), days to first
flowering (DF), Fifty percent flowering date
(%50DF), intensity of ground color of pod (CP),
length of pod (LP), width of pod (WP), thickness of
pod (TP), pod cross section (SP), pod curvature
(PC), curvature grade of pod (CGP), pigment formation (PF), pod pigment flecks (FP), pod prominence of grains (GP), tip shape of pod (PST), bract
length (BL), bract shape (BS), pod stringiness (PS),
flower color (CF), beak length (BEL), number of
grain per pod (NGP), 100 grain weight (HGW),
average pod weight (APW), grain color (GC), grain
main color (GMC), number of secondary color on
grain (NSCG), grain main secondary color
(GMSC), grain height (GH), grain width (GW),
longitudinal section of grain (LSG).

MATERIALS AND METHODS
Plant material and study location. Along the
study, 124 landrace genotypes were collected by
wandering along 39 towns located in Antalya,
Isparta and Burdur cities and villages (Figure 1)
located in these towns. Examined landrace common
bean genotypes were categorised according to their
growth types and locations and coordinates of they
were collected from are listed. Through collecting
process, seed color, seed corpulence, seed shape
and growth habit of seeds, the drying process of
which is completed, are considered. Collected bean
FROOHFWLRQV ZHUH JURZQ LQ $NVX FDPSXV RI %DWÕ
Akdeniz Agricultural Research Institute (BATEM),
located at a latitude oIƍ1DQGDORQJLWXGHRI
ƍ(DQGDQDOWLWXGH RIPLQ $QWDO\D7XU
key, in April-August in 2015-2016 for two years.
The study area was located in a semiarid climate,
and the climate of the region is typically Mediterranean, i.e., mild and rainy in winter and dry and hot
in summer. The soil of the research area is clayloam (CL) in texture, unsalted, and rich in calcium
carbonate and alkali. The soil water content

Statistical analysis. All genotypes were examined for a total of 32 parametric and nonparametric characters. Parametric characters were
measured with ruler, digital caliper, tape measure
and precision balance, and non-parametric characters were visually determined and expressed in
numbers. Descriptive statistics, Principal component analysis (PCA), clustering (agglomerative
hierarchical clustering) and k-means clustering
analyzes were performed with XLSTAT-Pro7.5
program [10]. Cluster analysis used to evaluate the
relationships among the genotypes was conducted
XVLQJ:DUG¶VPHWKRGXVLQJWKH(XFOLGHDQGLVWDQF
es. Descriptive statistics and PCA were confirmed
using the Minitab 17 [11] and SAS 9.1 [12] statistical software. In order to clearly see the frequency of
the parametric variables according to the plant
growth type, Plot Bar Graphs and Histograms were
drawn by writing code in the R programming language [13].
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FIGURE 1
The map of the West Mediterranean Region and the areas where the landrace common bean genotypes
are collected.
race common bean cultivars cultivated in the WestRESULTS
ern Mediterranean region is climbing type. The
descriptive statistics of the quantities characteristics
In the study, 124 local bean genotypes collectof the landrace common bean genotypes that are
ed from the Western Mediterranean Region of Turmorphologically characterized are given in Table 1.
key were used. Beans have variation according to
As seen in Table 1, there was a great diversity
growth habit and are classified by Singh [14] into
among the genotypes for morphological characters.
four main groups (type I = determinate upright or
The earliest criteria DG (5-15 days), DF (39-54
bush; type II = indeterminate upright bush; type III
days) and 50% DF (44-46 days) showed higher
= indeterminate prostrate, nonclimbing or vinyl
variation between climbing genotypes. In addition,
semi-climbing and type IV = indeterminate strong
seed and pod size results associated with yield also
climbers). The genotypes examined for their morhave higher variation in climbing genotypes. HGW,
phological characteristics were divided into two
a feature widely used in characterization studies,
groups according to growth habit (bush - type I and
was detected at 13-60 g in climbing genotypes and
climbing- type III or IV). It was determined that of
10-42 g in bush genotypes. Climbing genotypes
the 124 genotypes, 16 genotypes (12.9%) were
include landrace varieties with very long (17.8 cm)
bush, while 108 genotypes (87.1%) were climbing
cultivars. This result showed that most of the land-

TABLE 1
Mean, standard deviation, minimum and maximum value for quantitative traits in climbing and bush
common bean collected from Western Akdeniz region of Turkey
Bush genotypes
Climbing genotypes
Min.
Max.
Mean
Std deviation
Min.
Max.
Mean
Std deviation
PH
36.8
66.8
49.5
5.6
38.5
56.7
49.3
5.1
DG
5.0
15.0
8.1
1.5
6.0
9.0
8.0
0.6
DF
39.0
54.0
43.3
2.2
39.0
44.0
41.8
1.2
%50DF
44.0
56.0
47.5
2.1
43.0
47.0
45.1
1.4
LP
1.3
17.8
11.3
3.0
8.4
16.1
10.8
2.1
WP
6.4
18.1
13.0
1.7
12.1
16.9
14.1
1.2
TP
0.2
9.8
1.2
0.9
1.0
2.0
1.3
0.3
BL
0.1
6.6
2.5
1.7
0.3
6.5
2.2
2.0
BEL
0.3
10.0
1.1
1.6
0.1
1.0
0.5
0.2
NGP
1.8
7.7
4.6
1.1
2.7
5.6
4.1
0.8
HGW
13.0
60.0
34.8
8.7
10.0
42.0
33.6
8.2
APW
2.3
14.5
6.4
2.6
3.7
10.1
6.6
1.6
GH
8.4
15.4
12.3
1.7
9.8
14.3
12.0
1.4
GW
5.7
9.5
7.8
0.8
5.4
8.6
7.5
0.8
*Plant height for bush type (PH), Plant adherence height for climbing type plants (PH), days to germination (DG), days to
first flowering (DF), Fifty percent flowering date (%50DF), length of pod (LP), width of pod (WP), thickness of pod (TP),
bract length (BL), beak length (BEL), number of grain per pod (NGP), 100 grain weight (HGW), average pod weight (APW),
grain height (GH), grain width (GW).
Characters
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FIGURE 2
Percentage of variance with regard to Eigen value based on correlation matrix of landrace bush (left) and
climbing (right) common bean genotypes
TABLE 2
Results of the Principle Component Analysis of bush bean genotypes
Character
PC1
PC2
PC3
PC4
PC5
PH
0.021
-0.057
-0.345
0.245
-0.268
DG
-0.035
-0.291
0.140
-0.182
0.252
DF
-0.051
-0.335
0.089
-0.213
0.157
%50FD
-0.183
-0.326
0.153
-0.121
-0.049
CP
-0.070
0.232
-0.232
-0.217
0.219
LP
0.149
0.029
-0.326
-0.110
0.196
WP
0.198
-0.117
0.111
0.292
0.028
TP
0.080
0.264
-0.011
-0.206
-0.246
SP
-0.116
-0.064
-0.199
0.396
0.192
CGP
0.019
0.189
-0.160
-0.247
-0.260
PF
-0.368
0.003
-0.056
0.012
-0.081
FP
-0.347
-0.041
-0.100
0.033
-0.102
GP
0.004
-0.182
-0.125
-0.099
-0.171
BL
0.026
0.149
-0.217
-0.319
-0.011
BS
0.141
-0.098
0.364
-0.120
-0.209
PS
-0.053
-0.355
-0.230
-0.105
0.002
CF
0.141
-0.307
-0.110
-0.148
-0.041
BEL
-0.033
0.133
-0.039
-0.324
0.447
NGP
-0.041
-0.006
-0.289
-0.051
-0.169
HGW
0.227
-0.087
-0.204
-0.003
-0.221
APW
0.135
-0.089
-0.243
0.294
0.197
GC
0.368
-0.003
0.056
-0.012
0.081
GMC
-0.040
-0.361
-0.127
-0.002
0.054
NSCG
0.368
-0.003
0.056
-0.012
0.081
GMSC
0.367
0.010
0.070
-0.018
0.088
GH
0.188
-0.123
-0.324
-0.121
0.120
GW
0.242
-0.116
-0.027
-0.021
-0.325
LSG
0.051
0.191
-0.010
0.269
0.187
* Plant height for bush type (PH), Plant adherence height for climbing type plants (PH), days to germination (DG), days to
first flowering (DF), Fifty percent flowering date (%50DF), intensity of ground color of pod (CP), length of pod (LP), width
of pod (WP), thickness of pod (TP), pod cross section (SP), curvature grade of pod (CGP), pigment formation (PF), pod
pigment flecks (FP), pod prominence of grains (GP), bract length (BL), bract shape (BS), pod stringiness (PS), flower color
(CF), beak length (BEL), number of grain per pod (NGP), 100 grain weight (HGW), average pod weight (APW), grain color
(GC), grain main color (GMC), number of secondary color on grain (NSCG), grain height (GH), grain width (GW), longitudinal section of grain (LSG).

and very short (1.3 cm) pods. This variability in the
size of the pod is reflected in the seed size. Compared with climbing genotypes, it can be said that
the variety of bush genotypes (8.4-16.1 cm) is more
limited in the pod size. The high variation in climbing genotypes can be explained by the fact that they
have preserved the same varieties for decades for

consumer habits and different consumption purposes.
Cumulative variation of Eigen values is very
important because they provide information on the
diversity among genotypes. If the cumulative variation of the first three Eigen values is less than 50%,
it represents a high genetic variation [15]. The first
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5 eigen values obtained from the principal component analysis and the % explanatory variances are
given in Fig 2 for the bush and climbing bean genotypes. As seen in Figure 2, the first five eigen values explained 54% of the diversity among the bush
genotypes, while the first five eigen values clarified
75% of the diversity. Unlike the bush bean genotypes, the first three eigen values described 39% of
the diversity among the climbing bean genotypes,
and the first five eigen values explained 52%.
Principal Component Analysis (PCA) is a
method of variable reduction. In other words, it is
used to express a large number of variables with
fewer components that providing same information
[16]. In this study, all genotypes were examined in
terms of 32 characters. With PCA, this variable is
reduced to 10 characters for the bush genotypes
(Table 2).
According to the obtained data; the characters
included in PC1 are pigment formation, pod pigment flecks, grain color, number of secondary color

Character
PH
DG
DF
%50FD
CP
LP
WP
TP
SP
CGP
PF
FP
GP
BL
BS
PS
CF
BEL
NGP
HGW
APW
GC
GMC
NSCG
GMSC
GH
GW
LSG

Fresenius Environmental Bulletin

on grain and grain man secondary color. It is also
seen that the highest value for PC1 (as absolute
value) is 0.368 (pigment formation, grain color and
number of secondary color on grain) and the lowest
value is 0.004 for pod prominence of grains. The
features included in PC2 are days to first flowering,
fifty percent flowering date, pod stringiness, standard color of flower and grain main color. Plant
height, length of pod, bract shape and grain height
were included in PC3. When the effect of the first
three main components to reveal genetic diversity is
examined, it is seen that the pigment formation,
grain color and number of secondary color on grain
characteristics play the most effective role. The
relationship between the characters examined in the
study is given in Figure 2b and Figure 3b. When the
traits according to the absolute values on the graph
are examined, the researcher obtains a general idea
about the effectiveness of the traits that should be
used in characterization and breeding studies.

TABLE 3
Results of the Principle Component Analysis of climbing bean genotypes
PC1
PC2
PC3
PC4
0.055
-0.092
-0.142
-0.170
-0.010
-0.020
-0.329
0.300
-0.089
-0.233
-0.333
0.368
-0.089
-0.249
-0.317
0.334
-0.045
-0.048
0.201
0.001
0.211
-0.384
0.043
-0.091
0.042
-0.045
-0.267
-0.294
-0.001
0.042
-0.046
-0.096
0.004
-0.327
0.027
0.058
0.167
-0.145
0.058
0.095
-0.256
0.085
-0.310
-0.131
-0.265
0.093
-0.311
-0.129
0.080
-0.147
-0.005
0.225
0.045
0.027
0.267
-0.006
-0.093
-0.005
-0.085
0.110
0.101
-0.034
-0.143
-0.122
0.146
0.082
0.013
0.365
0.018
-0.035
0.121
0.073
0.055
-0.403
0.137
-0.141
0.296
0.002
-0.229
-0.240
0.214
-0.375
0.033
-0.150
0.346
0.267
-0.064
0.082
0.108
-0.050
0.006
0.257
0.346
0.267
-0.064
0.082
0.336
0.272
-0.086
0.065
0.333
-0.152
-0.132
-0.033
0.295
-0.015
-0.287
-0.160
-0.146
-0.018
-0.214
-0.237

PC5
0.073
-0.308
-0.132
-0.073
0.281
-0.058
-0.334
0.037
0.118
-0.200
0.173
0.179
0.039
-0.141
0.245
0.050
0.232
-0.244
-0.011
0.220
-0.030
-0.082
0.490
-0.082
-0.092
0.208
0.117
-0.015

* Plant height for bush type (PH), Plant adherence height for climbing type plants (PH), days to germination (DG), days to
first flowering (DF), Fifty percent flowering date (%50DF), intensity of ground color of pod (CP), length of pod (LP), width
of pod (WP), thickness of pod (TP), pod cross section (SP), curvature grade of pod (CGP), pigment formation (PF), pod
pigment flecks (FP), pod prominence of grains (GP), bract length (BL), bract shape (BS), pod stringiness (PS), flower color
(CF), beak length (BEL), number of grain per pod (NGP), 100 grain weight (HGW), average pod weight (APW), grain color
(GC), grain main color (GMC), number of secondary color on grain (NSCG), grain height (GH), grain width (GW), longitudinal section of grain (LSG).
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FIGURE 3
Variables factor map according to Principal Component Analysis (for PC1 and PC2) a) Bush genotypes b)
Climbing genotypes

PF and FP, BEL and CP, PS and GMC, HGW and
GW, GC and GMSC, NSCG and GMSC for bush
genotypes (r= 0.942, 0.715, 0.786, 0.804, 0.995,
0.995 respectively). On the other hand, there were a
statistically significant negative correlation between
FP and GC, FP and NSCG, FP and GMSC, PF and
GMSC (r= -0.942, -0.942, -0.970, -0.995 respectively). These results indicate that there is a relationship between the seed size and the weight of
100 seeds, earliness characters and the seed color
characteristics as expected. In climbing genotypes,
similar to bush genotypes, statistically significant
positive correlation (p <0.05) were found between
the characters associated with earliness (r(DF50%DF)= 0.847, r(DG-50%DF)= 0.429, r(DGDF)= 04.  0DGDNEDú DQG (UJLQ [17] reported
that DG directly affected 50%DF and found positive correlation between DG, DF and 50% DDF
characters. In this study, there was also statistically
significant positive correlation between some characters expressing seed and pod characteristics associated with yield (r(APW-NGP)=0.669, r(LPAPW)= 0.763, r(LP-NGP)= 0.670, r(GH-LP)=
0.506, r(GH-HGW)= 0.696, r(GH-GW)= 0.658,
r(GW-HGW)= 0.729). Similar to bush genotypes,
there is also statistically significant strongly positive correlation between color characteristics
(r(GMSC-NSCG)= 0.971, r(GMSC-GC)= 0.971).
Unlike the bush genotypes, there was no strongly
negative correlation between the morphological
characteristics of the climbing genotypes.
The graphs (Fig. 4) created using the Principal
Component values can guide the breeders about the
genetic similarity and distances of the genotypes.
The distribution of genotypes and the groups in
which genotypes are formed are shown in Figure 4a
and Figure 4b. When comparing two graphs, it is
noticed that this graph is more descriptive when

The characters included in PC1, PC2 and PC3
in the climbing genotypes differed from the bush
genotypes. Characters included in PC1; grain color,
number of secondary color on grain, grain main
secondary color, grain height, PC2; length of pod,
pod cross section, number of grain per pod, average
pod weight (Table 3). With PCA, this variable is
reduced to 8 characters for the climbing genotypes.
When PC1 values were examined, it was determined that the grain color and number of secondary
color on grain characteristics had the highest value
(0.346) and the flesh thickness of pod feature had
the lowest value (0.001). In the PC2 values, the
number of grain per pod feature received the highest value (0.403). According to the first three principal component data, it was determined that number of grain per pod (0.403) was the most effective
trait in revealing the genetic diversity of climbing
genotypes.
Variables factor map of the Principal Component Analysis based on 32 morphological and physiological characters of 16 analysed bush and climbing genotypes was seen in Figure 3. The first component (PC1) described 24.50% of the variation,
through PF, FP, GC, NSCG and GMSC; the second
component (PC2) described 15.97% of variation,
through DF, 50%DF, PS, CF and GMC for bush
genotypes (Fig 3a). On the other hand, the first
component (PC1) described 16.54% of the variation, through GC, NSCG, GMC and GH; the second component (PC2) described 13.29% of variation, through LP, SP, NGP and APW for climbing
genotypes (Fig 3b). Statistically significant positive
correlation (p <0.05) were found between the DF,
DG and 50% FD characteristics associated with
earliness (r (DG, DF)= 0.596, r (DG, %50DF)=
0.531, r (DF, %50DF)= 0.824). There was also a
statistically significant positive correlation between
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working with few genotypes. When working with a
large number of genotypes as in Figure 3b, the
resulting graph is complicated and is not sufficiently descriptive for the researcher. For this reason, the
use of dendogram is more common. However, as
we have already mentioned, PC Graph obtained by
the studies with few genotypes can provide sufficient information (Fig. 4a).
To understand better the overall diversity of
landraces common bean genotypes, the data collected were analysed by Cluster analysis. Dendograms obtained as a result of cluster analysis are
given in Figure 5 and Figure 6. Similarity values
obtained by cluster analysis are useful in determining which genotypes will be used by breeders in
crossbreeding studies. Genotypes were divided into
2 groups according to growth type (climbing and
bush) before statistical analysis was performed and
each group was evaluated within itself for better

understanding of genetic variation. Szilagyi et al.
[18] reported that seed size (100 seeds weight) and
growth habit (Type I, II and III) characters were
effective in detecting genetic differences in common beans and that varieties were divided into
groups according to seed size and type of growth
habit. They also supported these results with molecular characterization using RAPD markers. Type
I varieties have formed separate groups in both
morphological and molecular characterization.
Similarly, Rivera et al. [19] reported that the morphological and molecular (by SSRs) groupings of
the landrace common bean varieties were compatible with one another. The mutually supportive
results of morphological and molecular characterization studies are crucial for breeding studies,
which makes the selection of characters even more
important.
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FIGURE 4
Distribution of bush (a) and climbing (b) common bean genotypes as defined by the principal components
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FIGURE 5
Classification of bush common bean genotypes by clustering analysis
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FIGURE 6
Classification of climbing common bean genotypes by clustering analysis
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FIGURE 7
Summary view of the main groups according to cluster analysis:
Climbing genotypes (a), Bush genotypes (b).
result of the cluster analysis, it was determined that
genotypes with the lowest similarity level were
ADY4-AGun25 (19.82%). The climbing beans,
which consist of 108 genotypes, were divided into 3
main groups and the group with the highest number
of subgroups was determined to be the 2th group.
Genotypes with a similarity level of over 99% according to cluster analysis are; AGB6-IYOZ8
(99.76%), BY13-ISGA4B (99.68%), BK6-BY10
(99.67), AGB6-EA6 (99.66%), AGun22-ISGA9
(99.55%), AS2-EC2 (99.10%). The genotypes with
the lowest similarity level were ADA3-AS3
(20.02%).

As seen in the dendograms, the bush common
bean genotypes were divided into 4 main groups
(Fig 7a) and the climbing common bean genotypes
were divided into 3 main groups (Fig 7b). What is
important in dendograms is to reveal similarities
and distances between genotypes and to form
crossbreeding groups by correctly interpreting them
according to the graphical data. The first group of
bush genotypes consists of IYOZ10 and AGun25
genotypes, which in Figure 2a shows that these two
genotypes are completely separated from other
genotypes. BKara2 and ISGA7 genotypes were
constituted two separate groups. The distribution of
these genotypes is clearly visible in Figure 2a. The
distribution of these genotypes is clearly visible in
Figure 2a same as Figure 4. Among the bush bean
genotypes, AGB10-IYOZ14 (99.47%) is the highest level of similarity. This is followed by ADY4AGB5 (74.49%). The primary goal in hybridization
studies is to create variations. Considering this goal,
it can be said that the most suitable bush bean genotypes for hybridization are ADY4-AGun25. As a

DISCUSSION
A significant proportion (87.1%) of the landrace common bean genotypes collected in the study
have been found to have climbing growth habit. As
is the case in this study, many studies [20, 21, 22,
23, 24, 25, 26] in different parts of the world show
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genotypes belong to Andean and Mesoamerican
origin and there is high genetic diversity between
the genotypes as in Spain [22], Portuguese [29] or
Kyrgyztan [35]. Compared to the landrace varieties
of Spain and Portugal [22, 29], among the landrace
common bean genotypes collected from the Western Mediterranean region of Turkey are genotypes
with smaller seeds and shorter pods. It is thought
that this difference is due to the fact that there are
larger seeded varieties in Spain and Portugal. As
Escribano [36] notes, pod size can be used as a
marker of seed size.
Cumulative variation of Eigen values show
that genetic diversity is higher among the landrace
climbing bean genotypes than the landrace bush
bean genotypes. These results supported the results
in Table 1 and revealed the present variation proportionally. In the study by Ceolin et al. [37], the
first two eigen value were explained 88.23% of
total variances. According to this result, variation in
population was low but the researchers recommend
using genotypes that have the lowest morphological
similarities in breeding studies.
Principal component analysis (PCA) is an effective method of describing the variation of the
observed data with fewer components. In this study,
all genotypes were examined in terms of 32 quantitative and qualitative characters. Whit PCA, this
variable is reduced to 8 characters for the climbing
genotypes and 10 characters for bush genotypes. It
has been determined that seed color and seed size
properties are effective in explaining variation in
the study. It has also been identified that the features related with earliness are significant contributor to variation for bush genotypes. Coelho et al.
[38] reported that 100 seed weight is the largest
contributor to the genotypic characterization and
another important character is the pod length. Hegay et al. [35] reported that seed size is one of the
best distinguishing characters. Bianco et al. [39]
have used the morphological characteristics of
seeds to identify Italian landrace bean genotypes.
They used only the morphological characteristics of
seeds in defining landrace common bean genotypes,
whereas Zaccardelli et al. [40] used both seed and
pod characteristics. In this study, it was determined
that 100 seed weights were included in the PC3 and
had a positive correlation with other seed size characteristics. Vaezi et al. [41] stated that their populations were highly variable in terms of their quantitative characteristics unlike qualitative features.
Many previous studies have reported that seed size/
weight of 100 seeds has a high discrimination power [19, 30, 25, 35, 37, 38, 42-44]. Cruz et al. [45]
used seed color and seed size as morphological
markers because they highly heritable traits and,
laboratory and field measurements were easy. In
addition, seed color [46] and shapes are the most
distinct indicators of genetic diversity and consumer habits [47, 48]. On the other hand, Lima et al.

that the collected landrace cultivars are in the form
of climbing or semi-climbing growth. Stoilova et al.
[27] have stated that indeterminate types are generally grown in mountainous regions due to environmental impact. Singh [28] also reported that varieties with Type III and Type IV growth habit were
generally grown in highlands of Mexico, Middle
America and the Andes. However, it was determined that the bush bean cultivars were grown only
at high altitudes while the climbing landrace bean
cultivars were grown at both high and low altitudes
in this study.
There was a great diversity among the genotypes for morphological properties. The reasons
such as the fact that the product is not damaged
from diseases and insect pests [29] and the economic gain is increased by early presentation of the
market makes the earliness criteria (DG, DF, %50
DF) important in morphological characterization
studies. In terms of earliness criteria, it is seen that
the range of variability of bush genotypes is lower
than that of climbing genotypes. It can be said that
the use of genotypes that have the lowest earliness
criteria will be useful for earliness breeding. On the
other hand, the variety of seed weight, number of
pods per plant and number of seeds per pod will
allow for easy identification of the best genotypes
for different ecological region [30]. Domesticated
common beans have a large variation in terms of
growth habit, days of maturity, seed size, seed color
etc. When the values in Table 1 were examined, it
was determined that the variation between climbing
genotypes was greater than bush genotypes. According to this result, it is more advantageous to use
climbing genotypes to generate a broad genetic
variation. In particular, the high variation in DG,
DF and 50% DF characters suggests that these
genotypes can be used in breeding trials for developing the early or late varieties (depending on the
ecological conditions in which the varieties are
grown). Factors that play an important role in the
evolution and conservation of these traits; environment, cropping system, producer and consumer
preferences [28]. According to Singh [28], varieties
of the gene pole 9 (for dry bean) and gene pole 12
(for green bean) are grown in Turkey. In some
countries, immature pods of the dry bean are consumed as vegetables. This may be one reason for
the variation of common beans in Turkey.
Common bean seeds were classified by Voysest [31] as small (<25 g), medium (25-40 g) and
large (>40 g/100 seeds) and were divided into 2
major gene pools as Mesoamerican (small, medium) and Andean (large) according to the seed size
[32]. It can be mentioned that genotypes belonging
to both gene pools are collected from Western Mediterranean Region of Turkey according to seed size.
Ekincialp [33], Erdinc [34] characterized the common bean genotypes were grown in different regions of Turkey. Researchers have reported that the
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ized genotypes were not separated into groups according to the regions where the seeds were collected. This can be thought of as an indication that the
gene flow between the regions is high. It is one of
the possible reasons that seed exchange is common
among these regions. According to the correlation
results obtained, statistical relation was found
among earliness characteristics and among seed
color characteristics. Instead of all these features,
the use of a few of these features with the highest
correlation will save both economically and in time.

[49] reported that 100 seed weights were eliminated
due to low variability. However, they stated that
this may be because of the characterization of the
seeds of the same gene pool (Mesoamerican). Similarly, Rivera et al. [19] found low variability for the
flowering day and reported that it may be due to
landrace varieties of the same climatic region. In
our study, the landrace common beans were collected from different climatic region and the seeds
were classified by seed size and color during the
collection rank. In addition, Rana et al. [25] reported that traits related to leaf, pod, and seed showed
high inheritance and variance, and that these properties might be under the influence of additive gene
interactions. In this case, they reported that simple
selection studies could advance the development of
these traits. Wani et al. [50] determined high heritability for 100 seed weights and yield per ha. In
another study, Sharma et al. [51] noted the importance of comparing seed characteristics, particularly seed size, in determining genetic pools. Some
studies indicated that the characters related to yield
and yield are high genetic discrimination power
[19, 30, 49]. In addition, studies have reported that
the growth type [19, 42] and pod characters [25, 52,
53] of the beans contribute to morphological characterization.
The results of the cluster analysis, in order to
make them more understandable, are given both in
detail (Fig. 5 and Fig. 6) and in summary form (Fig.
7). Genetic variation between bush and climbing
genotypes is also seen in dendograms obtained. In
general, a summary dendogram form can be used to
have an opinion. However, in order to determine
the hybridization parents, the detailed resultant
dendogram must be examined. It would be appropriate to use genotypes with the lowest morphological similarity in populations with low genetic variation as previously described by Ceolin et al. [37].
When dendograms are examined, ADY4-AGun25
(19.82%) genotypes and ADA3-AS3 (20.02%)
genotypes can be recommended for breeding studies.

ACKNOWLEDGEMENTS
The study was supported by Akdeniz University Scientific Research Projects Unit (Project no:
2013.01.0104.001).

REFERENCES
[1] Atienza, S.G. and Rubiales, D. (2017) Legumes in sustainable agriculture. Crop Pasture
Sci. 68(11), i±ii.
[2] Debouck, D.G. (1988) Phaseolus germplasm
exploration. In: Gepts, P. (ed.) Genetic resources of Phaseolus beans. Kluwer Academic
Publishers, Dordrecht, Holland. 3-29.
[3] Evans, A.M. (1980) Structure, variation, evolution and classification in Phaseolus. In: Summerfield, R.J. and Bunting, A.H. (eds.) Advances in Legume Science. Royal Botanic
Gardens, Kew, UK, 337±347.
[4] CIAT (2016) CIAT Annual report 2015-2016
A Synthesis: Sustainable food futures getting
the fundamentals right. Cali, Colombia: International Center for Tropical Agriculture
(CIAT). 28p.
[5] Singh, S.P. and Schwartz, H.F. (2010) Breeding common bean for resistance to diseases: A
review. Crop Sci. 50, 2199±2223.
[6] Sirolli, H., Drewes, S.I., Picca, P.I. and
Kalesnik, F.A. (2015) In situ conservation of
the wild relative of the common bean
(Phaseolus vulgaris var. aborigineus) at the
south of its neotropical distribution: environmental characterization of a population in central Argentina. Genet. Resour. Crop Evol. 62,
115±129.
[7] Sozen, O. and Karadavut, U. (2017) The Determination of Some Genotypic and Phenotypic
Parameters for Chemical Composition of Some
Bean Genotypes. Fresen. Environ. Bull. 25,
1143-1152.
[8] YDVDU)8]DO2<DVDU2DQG(OOLDOWLR÷OX
S.S. (2014) Root, stem, and leaf ion accumulation in drought-stressed green bean (Phaseolus
vulgaris L.) genotypes treated with PEG-6000.
Fresen. Environ. Bull. 23, 2656-2662.

CONCLUSION
The collection and morphological characterization of landrace genotypes, which are very important genetic resources, is of utmost importance
in terms of sustainable agricultural production. This
study focuses on two main points; a) contributions
to genetic characterization of characters used in
common bean characterization studies b) genetic
similarities and differences in landrace genotypes
collected. As a result, it was determined that the
seed characteristics were plausible for the characterization studies to be performed in the common
bean genotypes, and the gene flow was between the
seed collected regions. Morphologically character-

9254

© by PSP

Volume 27 ± No. 12A/2018 pages 9245-9257

Fresenius Environmental Bulletin

[23] Sözen, Ö., Özçelik, H. and %R]R÷OX, H. (2014)
Domestic bean (Phaseolus vulgaris L.) populations collected from middle blacksea region are
DUHVHDUFKRQELRGLYHUVLW\$GÕ\DPDQhQLYHUVL
WHVL 7DUÕPVDO Uygulama ve Arazi Yönetimi
8\JXODPD YH $UDúWÕUPD 0HUNH]L $'<hTAYAM). 2(1), 1-14.
[24] Okii, D., Tukamuhabwa, P., Odong, T., Namayanja, A., Mukabaranga, J., Paparu, P. and
Gepts, P. (2014) Morphological diversity of
tropical common bean germplasm. ACSJ.
22(1), 59-67.
[25] Rana, J.C., Sharma, T.R., Tyagi, R.K., Chahota, R.K., Gautam, N.K., Singh, M., Sharma,
P.N. and Ojha, S.N. (2015) Characterization of
4274 accessions of common bean (Phaseolus
vulgaris L.) germplasm conserved in the Indian
gene bank for phenological, morphological and
agricultural traits. Euphytica. 205, 441±457.
[26] Toklu, F., Coyne, C.J., Asikli, S., Aydin, o.,
Karaköy, T. and Özkan, H. (2016) Evaluation
of Common Bean (Phaseolus vulgaris L.) Collection for Agromorphological and Seed Mineral Concentrations. Fresen. Environ. Bull. 25,
1143-1152.
[27] Stoilova, T., Pereira, G. and De Sousa, M.
(2013) Morphological characterization of a
small common bean (Phaseolus vulgaris L.)
collection under different environments. J.
Cent. Eur. Agr. 14(3), 854- 864.
[28] Singh, S.P. (1989) Patterns of variation in
cultivated common bean (Phaseolus vulgaris,
Fabaceae). Econ. Bot. 43(1), 39-57.
[29] Rodino, A.P., Santalla, M., De Ron, A.M. and
Singh, S.P. (2003) A core collection of common bean from the Iberian Peninsula. Euphytica. 131(2), 165±175.
[30] Fivawo, N.C. and Msolla, S.N. (2011) The
diversity of common bean landraces in Tanzania. TaJONAS. 2(1), 337 - 351.
[31] Voysest, O. (1983) Clasificaciંn práctica de las
variedades de Frijol. In: Variedades de frijol en
Amrrica Latina y su origen. CIAT, Call, Colombia, 1-88.
[32] Singh, S.P., Gepts, P. and Debouck, D.G.
(1991) Races of common bean (Phaseolus vulgaris, Fabaceae. Econ. Bot. 45(3), 379-396.
[33] Ekincialp, A. (2012) Determination of genetic
relatedness and anthracnose disease (Colletotrichum lindemuthianum) (sacc. & magnus)
lambs. scrib.) resistance with phenotypic and
molecular methods among bean genotypes in
lake Van basin. <]QF <ÕO 8QLYHUVLW\ )DF
ulty of Agriculture, Van.

[9] Ayers, R.S. and Westcot, D.W. (1985) Water
Quality for Agriculture. FAO Irrigation and
Drainage. Paper 29 Rev. 1., FAO, Rome.
[10] XLSTAT (2017) Data Analysis and Statistical
Solution for Microsoft Excel. Addinsoft, Paris,
France.
[11] Minitab 17 Statistical Software. (2010) [Computer software]. State College, PA: Minitab,
Inc. (www.minitab.com).
[12] SAS Institute Inc. (2004) 6$667$7XVHU¶V
guide. SAS Institute Inc, Cary, North Carolina,
USA.
[13] R Development Core Team. (2008) R: A language and environment for statistical computing. R Foundation for statistical Computing,
Vienna, Austria. ISBN 3-900051-07-0, URL
http://www.R-project.org.
[14] Singh, S.P. (1982) A key for identification of
different growth habits of Phaseolus vulgaris
L. Annu. Rep. Bean Improv. Coop. 25, 92-95.
[15] .HOHú, D. (2007) Characterization of different
pepper genotypes and low temperature tolerance. Ph.D. Thesis. Çukurova University, Faculty of Agriculture, Adana. (Abstract in English).
[16] Morgan, G.A., Leech, N.L. and Barrett, K.C.
(2012) IBM SPSS for intermediate statistics:
Use and interpretation. Routledge, New York.
[17] 0DGDNEDú, S.Y. and Ergin, M. (2011) Morphological and phenological characterization of
Turkish bean (Phaseolus vulgaris L.) genotypes and their present variation states. Afr. J.
Agric. Res. 6(28), 6155-6166.
[18] Szilagyi, L., Tayyar, ù and &LXFă, M. (2011)
Evaluation of genetic diversity in common
bean (Phaseolus vulgaris l.) using RAPD
markers and morpho-agronomic traits. Rom.
Biotechnol. Lett. 16(1), 98-105.
[19] Rivera, A., Fenero, D., Almirall, A., Ferreira,
J.J., Simo, J., Plans, M., Del Castillo, R.R. and
Casanas, F. (2013) Variability in sensory attributes in common bean (Phaseolus vulgaris
L.): a first survey in the Iberian secondary diversity center. Genet. Resour. Crop Evol. 60,
1885±1898.
[20] %R]R÷OX, H. and Sözen, Ö. (2007) Some agronomic properties of the local population of
common bean (Phaseolus vulgaris L.) of
Artvin province. Turk. J. Agric. For. 31, 327334.
[21] Raggi, L., Tiranti, B. and Negri, V. (2013)
Italian common bean landraces: diversity and
population structure. Genet. Resour. Crop
Evol. 60, 1515±1530.
[22] Lazaro, A., Villar B., Aceituno-Mata, L., Tardio, J. and De La Rosa, L. (2013) The Sierra
Norte of Madrid: an agrobiodiversity refuge for
common bean landraces. Genet. Resour. Crop
Evol. 60, 1641±1654.

9255

© by PSP

Volume 27 ± No. 12A/2018 pages 9245-9257

Fresenius Environmental Bulletin

[45] Cruz, E.P., Gepts, P., Garcia-marin, P.C. and
Villareal, D.Z. (2003) Spatial distribution of
genetic diversity in wild populations of
Phaseolus vulgaris L. from Guanajuato and
Michoacan, Mexico. Genet. Resour. Crop
Evol. 52(5), 589-599.
[46] Vidak, 00DOHãHYLü, 6*UGLãD, 0âDWRYLü,
= /D]DUHYLü, B. and &DURYLü-Stanko, K.
(2016) Phenotypic diversity among croatian
common bean (Phaseolus vulgaris L.) landraces. Agric. Conspec. Sci. 80(3), 133-137.
[47] Sexton P.J., Boote K.J., White W.J. and Peterson C.M. (1997) Seed size and seed growth
rate in relation to cotyledon cell volume and
number in common bean. Field Crops Res. 54,
163-172.
[48] Blair, M.W., Gonzales, L.F., Kimani, P.M. and
Butare, L. (2010) Genetic diversity, inter-gene
pool introgression and nutritional quality of
common beans (Phaseolus vulgaris L.) from
Central Africa. Theor. Appl. Genet. 121(2),
237±248.
[49] Lima, M.S.D., Carneiro, J., Carneiro, P.C.S.,
Pereira, C.S., Vieira, R.F. and Cecon, P.R.
(2012) Characterization of genetic variability
among common bean genotypes by morphological descriptors. Crop Breed. Appl. Biot.
12(1), 76-84.
[50] Wani, A.B., Bhat, M.A. and Mir, S. (2015)
Morphological Characterization as Indices for
Yield and Yield Components Selection In
Common Bean (Phaseolus vulgaris L.) IN
J&K. Journal of Global Biosciences. 4(9),
3391-3394.
[51] Sharma, P.N., Diaz, L.M. and Blair, M.W.
(2013) Genetic diversity of two Indian common bean germplasm collections based on
morphological and microsatellite markers.
Plant Genet. Resour. 11(2), 121-130.
[52] *UDKLü, - *DãL, ) .XUWRYLü, 0 .DULü, L.,
ĈLNLü, M. and *DGåR, D. (2013) Morphological
evaluation of common bean diversity in Bosnia
and Herzegovina using the discriminant analysis of principal components (DAPC) multivariate method. Genetika. 45(3), 963-977.
[53] Boros, L., Wawer, A. and Borucka, K. (2014)
Morphological, phenological and agronomical
characterisation of variability among common
bean (Phaseolus vulgaris L.) local populations
from The National Centre for Plant Genetic
Resources: Polish Genebank. J. Hortic. Res.
22(2), 123-130.

[34] Erdinç, E. (2012) Determination of genetic
variation and antracnose disease (Colletotrichum lindemuthianum (sacc. & magn.)
lambs. scrib.) resistance with phenotypic and
molecular methods among some bean genotypes of Turkey. <]QF<ÕO8QLYHUVLW\)DF
ulty of Agriculture, Van.
[35] Hegay, S., Geleta M., Bryngelsson T., Asanaliev A., Garkava-Gustavsson L., Hovmalm H.P.
and Ortiz, R. (2014) Genetic diversity analysis
in Phaseolus vulgaris L. using morphological
traits. Genet. Resour. Crop Evol. 61, 555- 566.
[36] Escribano, M.R., Santalla, M., De Ron and
A.M. (1997) Genetic diversity in pod and seed
quality traits of common bean populations
from northwestern Spain. Euphytica. 93(1), 7181.
[37] Ceolin, A.C.G., Gonçalves-Vidigal, M.C.,
Filho, P.S.V., Kvitschal, M.V., Gonela, A. and
Scapim, C.A. (2006) Genetic divergence of the
common bean (Phaseolus vulgaris L.) group
Carioca using morpho-agronomic traits by
multivariate analysis. Hereditas, 144(1), 1-9.
[38] Coelho, C.M.M., Zilio, M., Souza, C.A.,
Guidolin, A.F. and Miquelluti, D.J. (2010)
Morpho-agronomic traits of common bean
landraces in two growing seasons. Semina:
Ciências Agrárias, 31(1), 1177-1186.
[39] Bianco, M.L., Grillo, O., Cremonini, R.,
Sarigu, M. and Venora V. (2015) Characterisation of Italian bean landraces (Phaseolus vulgaris L.) using seed image analysis and texture
descriptors. Aust. J. Crop Sci. 9(11), 1022.
[40] Zaccardelli, M., Pentangelo, A. and Tripodi, P.
(2013) Characterization of bean (Phaseolus
vulgaris L.) ecotype "Fagiolo occhio nero di
Oliveto Citra" using agronomic, biochemical
and molecular approaches. Pak. J. Biol. Sci.
16(18), 901-910.
[41] Vaezi, S., Dorri, H., Seraj, H.Q. and Bayzaei,
E. (2007) Study of morphological diversity
among white common bean breeding lines and
landraces collection in the National Plant Gene
Bank of Iran. http://agris.fao.org/agris-search/
search. do? recordID=IR2012000374.
[42] +RUĖiNRYi, O., Závodná, M., Záková, M.,
Kraic, J. and Debre, F. (2003) Diversity of
common bean landraces collected in the Western and Eastern Carpatien. Czech J. Genet.
Plant Breed. 39(3), 73±83.
[43] Meza, N., Rosas, J.C., Marti´N, J.P. and Ortiz,
J.M. (2013) Biodiversity of common bean
(Phaseolus vulgaris L.) in Honduras, evidenced by morphological characterization.
Genet. Resour. Crop Evol. 60,1329±1336.
[44] %R]R÷OX, H. and Sozen, O. (2011) A sample
for biodiversity in Turkey: Common bean
(Phaseolus vulgaris L.) landraces from Artvin.
Afr. J. Biotech. 10(63), 13789-13796.

9256

© by PSP

Volume 27 ± No. 12A/2018 pages 9245-9257

Received:
Accepted:

29.06.2018
12.10.2018

CORRESPONDING AUTHOR
Kamile Ulukapi
Akdeniz University
Vocational High School of Technical Sciences
Organic Agriculture Programme,
Antalya ± Turkey
e-mail: kamileonal@akdeniz.edu.tr

9257

Fresenius Environmental Bulletin

%$

" &      







 " #!"!




&#%$'#""' ,'#+'#"#
!', " (,%#" #')'
%#"%)%#!%*%F&,&'

6:.:4  ,6:=A:,.:4 A:C6;:4.6

 

.;/;;A 


1
School of Resource and Environmental Sciences, Wuhan University, Wuhan 430072, China
2
Hubei Provincial Research Institute of Environmental Science, Wuhan 430072, China
3
Yangtze River Water Resources Protection Institution, Wuhan 430051, China



&'%'

as mutagenic and carcinogenic action [2]. Therefore,
it is of utmost importance to develop cost–effective
technologies to remove such compound from aqueous
solutions.
Adsorption and catalytic oxidation technologies
are commonly and successfully used for treatment of
hardly degradable dyes with biological toxicity [3–5].
Recently, researches on the application of transition
metals loaded activated carbon adopted as adsorbent
in adsorption or as catalyst in heterogeneous catalytic
oxidation to remove organic contaminants have attracted great interests [6–9]. Spent brewer’s yeast, the
by–product from the brewing industry, is being produced in large amount annually due to the increasing
beer production [10]. Conversion of yeast to activated
carbon could alleviate the problem of its disposal and
provide a low–cost end product.
In this study, iron–loaded activated carbon
(Fe/AC) using brewer’s yeast as a precursor by adsorption–activation method was prepared and characterized by scanning electronic microscopy coupled
with energy dispersive X–ray spectroscopy (SEM–
EDX), Brunauer–Emmett–Teller (BET) method, Zeta
potential, Fourier transform infrared spectroscopy
(FTIR) and X–ray photoelectron spectroscopy (XPS).
A series of adsorption and catalytic oxidation experiments were conducted to investigate the adsorption
and catalytic performances of Fe/AC for MB removal
in aqueous solution. Spectroscopic analysis was used
to elucidate the mechanisms of adsorption and catalytic oxidation of MB by Fe/AC.

The performances and mechanisms of adsorption and catalytic oxidation of methylene blue (MB)
by iron–loaded activated carbon (Fe/AC) derived
from brewer’s yeast were systematically investigated
in this study. 93% of the MB adsorption was obtained
within 1.0 h. The solution pH had no influence on the
adsorption capacity. The maximum MB uptake was
estimated to be 120.09 mg/g. The adsorption kinetics
and isotherm were well described by pseudo–second–
order kinetics and Langmuir isotherm, respectively,
indicating that chemical adsorption is the main adsorption mechanism. The TOC removal efficiencies
increased from 20% and 28% in oxidation of MB by
O3 and UV/O3 to 28% and 70% in oxidation of MB
by O3/Fe/AC and UV/O3/Fe/AC, respectively, after
reaction 5 h, demonstrating the high catalytic oxidation activity of Fe/AC. Fourier transform infrared
spectroscopy (FTIR) and X–ray photoelectron spectroscopy (XPS) studies revealed that adsorption and
catalytic oxidation of MB occurred on the Fe/AC
surface and facilitated each other. Oxygen–containing groups including Fe–O, CO, COC, COH and
COOH in Fe/AC were involved in the MB adsorption. The presence of Fe/AC in oxidation of MB by
O3 and UV/O3 promoted the conversion of ozone adsorbed on its surface to •OH radicals for mineralizing
MB, while the oxidation process stimulated the generation of oxygen–containing groups on the Fe/AC
surface in favor of MB adsorption. Once the adsorbed
MB was mineralized, the chemical adsorption mechanism would motivate aqueous MB to transfer and
be adsorbed onto the Fe/AC surface for oxidation.

!'% &"!'#&

!.@2>6.8? The brewer’s yeast was collected
from King Longquan Beer Company in Hubei Province of China. The brewer’s yeast was washed thoroughly with water to remove impurities, dried at 60
for 24 h and then ground into powder. MB (chemical
formula C16H18ClN3S) was purchased from AppliChem, Germany. All other chemicals were of analytical grade. Deionized water was used for all experiments.
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Methylene blue (MB), a basic dye, has been
widely used in textile, printing and dyeing industry
[1]. Release of Methylene blue to aquatic environment
would cause toxic effects on biota and humans such
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$>2<.>.@6;: ;3 2 Fe/AC was prepared
by an adsorption–activation method according to the
following procedure [11]. Firstly, the iron adsorption
on brewer’s yeast was conducted by adding 1.0 g of
brewer’s yeast to 400 mL of ferric nitrate solution
with Fe3+ concentration of 2000 mg/L for overnight.
The iron loaded brewer’s yeast was then filtrated,
dried at 60 and mixed with Na2CO3 (activating
agent) at a ratio of 1:2 (w/w); the mixture was placed
in a sealed ceramic crucible and kept in a muffle furnace. The temperature was ramped from room temperature to 700 and retained for 2 h in nitrogen atmosphere. After the activating treatment, the sample
was cooled to room temperature, then boiled in 10%
HCl solution for 20 min and washed by deionized
water until a neutral pH was observed. The washed
sample was dried at 120 overnight and then ground
into fine powder for use. The obtained product was
designated as Fe/AC.

5.>.0@2>6E.@6;:;32The textural property of Fe/AC was determined by N2 adsorption–desorption isotherms at 77K using surface area and
pore size analyzer (Autosorb–1, Quantachrome,
USA). The surface morphology was investigated by
scanning electron microscope equipped with an energy
dispersive X–ray spectroscopy (JEOL JSM–6510LV,
Japan). The zeta potential was measured by Zeta potential analyzer (NPA151, Microtrac Inc., USA). The
surface functional groups of Fe/AC before and after
used in adsorption experiment were identified by Fourier transform infrared spectrometer (Nexus–6700,

Thermo–NicoLet, USA). The surface chemical composition and state of Fe/AC before and after used in catalytic oxidation experiment were examined by X–ray
photoelectron spectrometer (VG Multilab 2000,
Thermo Electron, USA) with Mg Kα radiation (1253.6
eV).

1?;><@6;: 2C<2>692:@? Adsorption experiments were carried out to evaluate the adsorption capability of Fe/AC. In the adsorption kinetics experiment, 1.0 g of Fe/AC was added to 500 mL solution
with initial MB concentration of 1000 mg/L. The
suspension was stirred at 150 r/min at 298±0.1 K.
The solution pH was adjusted to 7.0 using HCl or
NaOH solution during the experiment. Samples were
taken at different time intervals and analyzed for
MB concentration by a UV–2450 UV–Vis spectrophotometer (Shimadzu, Japan).
In the pH effect experiments, 0.1 g of Fe/AC
was added to a series of 50 mL of 200 mg/L MB solutions at various pH values (2~10). The solution
pHs were measured and adjusted accordingly during
the experiments by 0.1 mol/L HCl or 0.1 mol/L
NaOH. After reacting for 5.0 h, the residual MB concentrations were measured.
In the adsorption isotherm experiments, 0.1 g of
Fe/AC was added to a series of 50 mL of MB solutions with different concentrations. The pH was maintained at pH 7.0. Other procedures were the same as
those in the above pH effect experiments. 


(% 
6.4>.9;3@52;C61.@6;:?D?@29



(1) ozone generator; (2) flowmeter; (3) ozonation reactor; (4) outlet of circulation; (5) outlet of solution; (6) inlet of circulation water; (7) sampling; (8) inlet of solution; (9) UV lamp; (10) ozone destructor.
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.@.8D@60 ;C61.@6;: 2C<2>692:@? Catalytic
activity of Fe/AC was evaluated by comparing the
mineralization efficiencies of MB with four different
systems: O3, UV/O3, O3/Fe/AC and UV/O3/Fe/AC.
The catalytic oxidation system (Figure 1) consisted
of a UV lamp that was used as radiation source and
a tubular glass ozonation reactor (h=400mm,
Φm=60mm) equipped with gas inlet and outlet.
1000mL MB aqueous solution and 1.6g Fe/AC was
added into the reactor. Ozone was produced from O2
by using an ozone generator (SKCFG-20P). Ozonised air (ozone concentration: 1080 mg/h) was continuously bubbled into the solution and flowed upward in the tubular reactor. The excess ozone in the
outlet gas was removed by KI solution. Samples
were taken at given intervals to analyze total organic
carbon (TOC) concentration by a TOC analyzer
(Multi N/C 3100, Germany).

%&( '&"&(&&#"

.?60<>;<2>@62?;32The SEM–EDX results are illustrated in Figure 2. SEM image indicates
that Fe/AC has rough surface and porous structure.
EDX analysis reveals that the major elements of Fe/AC
are C, O, and Fe, demonstrating that iron has been successfully loaded onto activated carbon, while the contents of C, O and Fe on Fe/AC surface are estimated to
be 78.75%, 17.09% and 4.16%, respectively. Fe/AC
has a high BET surface area of 438.47 m2/g, with a
pore volume of 0.32 mL/g and average pore diameter
of 2.91 nm. The zeta potential of Fe/AC at different
pH is presented in Figure 3. Fe/AC is found to have
an isoelectric point of about 3.2.
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Pseudo–first–order kinetics
–1
 (min )
109.21
0.1356



Pseudo–second–order kinetics
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 (mg/g)



pseudo–second–order rate constant for the adsorption
process, respectively.
Table 1 shows the kinetics constants for MB adsorption on Fe/AC. The pseudo–second–order kinetic
equation is found to better fit the test data as judged
by the correlation coefficient (R2), suggesting that
the adsorption rate is mainly controlled by chemical
adsorption [1]. The equilibrium adsorption amount
predicted by the pseudo–second–order kinetic equation is close to that observed in Figure 4.

10

Zeta potential (mV)

0
-10
-20
-30
-40
-50

<23320@pH effect on the adsorption of MB
on Fe/AC is demonstrated in Figure 5. No significant
change is observed in the adsorbed amount of MB at
different pH values. The MB uptake was 74~80
mg/L by varying pH in the range of 2~10. As shown
in Figure 3, the surface of Fe/AC is positively
charged at pH < 3.2 while it is negatively charged at
pH > 3.2. MB dissociates in aqueous solution like
electrolytes into MB cation and the chloride ion [14].
Nevertheless, neither electrostatic repulsion at pH <
3.2 nor electrostatic attraction at pH > 3.2 between
MB cation and the adsorbent surface affects the
amount of MB adsorbed on Fe/AC, illustrating that
electrostatic interaction is not the controlling adsorption mechanism while the uptake of MB may be
mainly through the chemical specific adsorption of
MB by Fe/AC.
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1?;><@6;: 2C<2>692:@? 1?;><@6;: 76:2@
60?The adsorption kinetics of MB on Fe/AC is shown
in Figure 4. It can be seen that 93% of the uptake of
MB quickly occurred in 1.0 h, followed by a relative
slow process. The adsorption equilibrium could be established within 5.0 h. In order to investigate the rate
law describing MB adsorption on Fe/AC, the adsorption kinetic data were analyzed using pseudo–first–order and pseudo–second–order kinetics, which can be
described as Equation (1) [12] and Equation (2) [13],
respectively.
log( - ) = log ( ) - 1/2.303 (1)

80
60

40
20
0
2

4

6
pH

8

10

(%
<23320@;:@52.1?;><@6;:;3!;:2
1?;><@6;: 6?;@52>9 The adsorption isotherm of MB on Fe/AC is given in Figure 6. The MB
adsorption increased with the increasing equilibrium
MB concentration. Langmuir and Freundlich isotherms are commonly used in the description of adsorption behavior [15]. The Langmuir isotherm assumes

 /  = 1/(2  2 ) +  /  (2)
where (mg/g) and  (mg/g) are the amount of
MB adsorbed on per unit adsorbent at the equilibrium
and elapsed time (min), respectively. 1 (min–1) and
2 (g/(mg·min)) are the pseudo–first–order and
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.@.8D@60;C61.@6;:2C<2>692:@?In catalytic
oxidation experiments, to take the effect of adsorption into consideration, the mixture of Fe/AC and
MB solution was first stirred for 24 h without ozone
and UV. Then, the TOC concentration in equilibrium
solution was analyzed and regarded as the initial
TOC concentration in oxidation experiments. The
mineralization efficiencies of MB in O3, UV/O3,
O3/Fe/AC and UV/O3/Fe/AC systems are compared
in terms of TOC removal efficiencies and presented
in Figure 7. The TOC removal efficiencies were
20%, 28%, 28% and 70%, respectively, in the above
four systems after reaction 5 h. The presence of
Fe/AC increased the TOC removal efficiencies in O3
and UV/O3 systems by 40% and 150%, respectively.
Apparently, Fe/AC exhibits high activity in catalytic
oxidation of MB particularly in the existence of UV.
Compared with O3, UV/O3 and O3/Fe/AC system, the remarkable promotion of MB mineralization in UV/O3/Fe/AC system demonstrates that the
combination of Fe/AC and UV has a synergetic effect on catalytic oxidation of MB. The contribution
of Fe/AC may be attributed to the following roles it
plays in the catalytic oxidation systems. On one
hand, it provides a high specific surface area where
both organic compounds and ozone can be adsorbed
and react. On the other hand, it can stimulate the
transformation of ozone adsorbed on its surface into
highly oxidant species (•OH) capable of mineralizing organic compounds especially under the irradiation of ultraviolet light [11].

that the surface of the adsorbent is uniform, all the
adsorption sites are equivalent and adsorbed molecules do not interact. The Freundlich isotherm is
based on multilayer adsorption on heterogeneous surface. The Langmuir and Freundlich isotherms are
commonly expressed as Equation (3) and Equation
(4) [15], respectively.

 = max1 + 

(3)

 =    

(4)

where is the same as the above mentioned, and
 (mg/L) is the equilibrium aqueous MB concentration.  (mg/g) is the Langmuir constant representing maximum monolayer adsorption capacity, and
(L/mg) is the Langmuir constant related to the binding energy of adsorption.   (mg1–n·Ln/g)and are
the Freundlich constants that show the adsorptive capacity and intensity, respectively.
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The Langmuir and Freundlich isotherm parameters together with the regression coefficients are
listed in Table 2. The Langmuir isotherm fits the experimental data better with higher correlation coefficient (R2 = 0.999) than that of the Freundlich isotherm (R2 = 0.792), indicating that the uptake of MB
on Fe/AC is monolayer adsorption. This result further supports the conclusion that chemical adsorption is the dominant mechanism in the adsorption of
MB by Fe/AC. The maximum MB adsorption capacity calculated by the Langmuir isotherm reaches
120.09 mg/g.
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Langmuir
Freundlich
(L/mg)
R2
 (mg1–n·Ln/g)

R2
 (mg/g)
120.09
0.04361
0.999
55.58
0.11
0.792
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The FTIR spectra of Fe/AC before and after used in
adsorption experiment are displayed in Figure 8. Virgin Fe/AC has main absorption bands at 1564.97,
1383.89, 1187.67, 537.29 and 466.26 cm-1 (Figure
8). The band at 1564.97 cm–1 can be assigned to C=O
stretching vibration [1]. The band at 1383.89 cm–1 is
attributed to C–H asymmetric deformation [16]. The
band at 1187.67 cm–1 corresponds to C–O stretching
vibration in COC, COH and COOH [16]. The bands
at 537.29 and 466.26 cm–1 are due to Fe–O stretching
vibration [17, 18].
As shown in Figure 8, the bands at 1564.97 and
1187.67 cm–1 in the spectrum of Fe/AC shift to
1587.67 and 1219.86 cm–1 after used in adsorption
experiment, respectively, indicating the involvement
of oxygen–containing groups such as CO, COC,
COH and COOH on the Fe/AC surface in the adsorption of MB. The bands at 537.29 and 466.26 cm–1
shift to 562.69 and 451.25 cm–1, respectively, demonstrating the participation of Fe–O in the MB adsorption.

466.26
451.25

1383.89

537.29
562.69

(a)

1219.86

1 587.67

Absorbence

1564 .97

+>.D <5;@;2820@>;: ?<20@>;?0;<DThe XPS
spectra of Fe/AC before and after used in catalytic oxidation experiment (UV/O3/Fe/AC system) are illustrated in Figure 9. The relative contents of different

1187.67

groups in Fe/AC are calculated and summarized in Table 3. The high–resolution C 1s spectra of virgin Fe/AC
can be deconvoluted into three individual component
peaks [19]: 284.69 eV (C*–C* or C*–H), 286 eV (C*–
O) and 287.6 eV (C*=O). The O 1s spectra could be
deconvoluted into four component peaks [19–21]:
530.3 eV (Fe–O*), 531.4 eV (C=O*), 532.3 eV (O–
C=O* or C–O*–C or O*–H) and 533.4 eV (C–O*).
The Fe 2p1/2 and Fe 2p3/2 peaks located at 724.9 eV and
711.9 eV, respectively, are characteristic of Fe() [22,
23].
After used in catalytic oxidation experiment, a
new peak centered at 289 eV which can be assigned to
O–C*=O appears in C1s. Meanwhile, the relative contents of C*–C* and C*–H decreases while the relative
contents of C*–O and C*=O increases, indicating the
amount of oxygen–containing groups on the Fe/AC
surface in favor of MB adsorption increases. The composition change of oxygen–containing groups can be
observed through the increase in the relative content of
C–O*and the decrease in the relative contents of Fe–
O*, C=O*, O–C=O*, C–O*–C and O*–H. The above
changes of relative contents of the functional groups on
the Fe/AC surface provide evidences that oxidation
takes place on the Fe/AC surface. The Fe 2p peaks at
711.8 and 725.5 eV demonstrates that the existing form
of Fe is not changed during oxidation.

(b)
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Binding energy (eV)
C 1s

O 1s

Fe 2p

284.69~284.72
286
287.6
289
530.3~530.5
531.3~531.4
532.1~532.3
533.2~533.4
711.8~711.9
724.9~725.5

Proposed components
C*–C* or C*–H
C*–O
C*=O
O–C*=O
Fe–O*
C=O*
O–C=O* or C–O*–C or O*–H
C–O*
Fe()* –O
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(b) C 1s
Relative intensity (a.u.)

Relative intensity (a.u.)

(a) C1s
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Based on the above analysis, the mechanisms
of adsorption and catalytic oxidation of MB by Fe/AC
can be elucidated as follows. Functional groups including Fe–O, CO, COC, COH and COOH on the
Fe/AC surface participates in the chemical adsorption of MB, which makes it difficult for MB to desorb from the Fe/AC surface. The catalytic conversion of aqueous ozone into •OH radicals by Fe/AC
and the oxidation of MB mainly occur on the Fe/AC

surface, simultaneously stimulating the generation of
oxygen–containing groups on the surface of Fe/AC
which contributes to the adsorption of MB. When the
adsorbed MB is mineralized, the chemical adsorption mechanism promotes residual MB in aqueous
solution to transfer and be adsorbed on the Fe/AC
surface for oxidation by •OH radicals.



9264

%$

" &      







 " #!"!


#" (&#"&

[4] Nagarkar, M.G., Chitodakar, V.D. and Mandake, M.B. (2017) Catalytic ozonation: a rising
advanced oxidation technology for textile dyes.
International Journal of Innovative Research in
Science, Engineering and Technology. 6(4),
2347–6710.
[5] Rajendiran, S., Shriram, B. and Kanmani, S.
(2016) Photocatalytic–ozonation of textile dyeing waste water using fixed catalyst system. International Advanced Research Journal in Science, Engineering and Technology. 3(3), 2394–
1588.
[6] Marahel, F., Ghaedi, M. and Kokhdan, S.N.
(2012) Silver nanoparticle loaded on activated
carbon as an adsorbent for the removal of Sudan Red 7B from Aqueous solution. Fresen.
Environ. Bull. 21, 163–170.
[7] Miao, H.C., Chen, Y.Y., Zhao L.Y., Zou, Z.Y.,
Zhou J.D. and Zhu, D.P. (2017) Adsorption
properties of oxide loaded wool activated carbon for simulated dye wastewater. Journal of
Textile Research. 38(2), 146–151.
[8] Tang, S.F., Yuan, D.L., Zhang, Q., Liu, Y.M.,
Zhang, Q., Liu, Z.Q. and Huang, H.M. (2016)
Fe–Mn bi–metallic oxides loaded on granular
activated carbon to enhance dye removal by
catalytic ozonation. Environmental Science
and Pollution Research. 23(18), 18800–18808.
[9] Arfaeinia, H., Sharafi, H., Moradi, M., Ehsanifar, M. and Hashemi, S.E. (2017) Efficient degradation of 4–chloro–2-nitrophenol using photocatalytic ozonation with nano–zinc oxide impregnated granular activated carbon (ZNO–
GAC). Desalination and Water Treatment. 93,
145–151.
[10] Lamoolphak, W., Goto, M., Sasaki, M., Suphantharika, M., Muangnapoh, C., Prommuag,
C. and Shotipruk, A. (2006) Hydrothermal decomposition of yeast cells for production of
proteins and amino acids. Journal of Hazardous
Materials. 137(3), 1643–1648.
[11] Wu, G.P., Wei W. and Cui, L.Z. (2014) Adsorption and catalytic ozonation performance
of activated carbon and cobalt–supported activated carbon derived from brewing yeast. Canadian Journal of Chemical Engineering. 92(1),
36–40.
[12] Ho, Y.S. and McKay, G. (1999) The sorption
of lead(II) ions on peat. Water Research. 33(2),
578–584.
[13] Ho, Y.S. (2006) Review of second–order models for adsorption systems. Journal of Hazardous Materials. 136(3), 681–689.
[14] Ghosh, D. and Bhattacharyya, K.G. (2002) Adsorption of methylene blue on kaolinite. Applied Clay Science. 20(6), 295– 300.

The purpose of this study was to investigate the
performances and mechanisms of adsorption and catalytic oxidation of MB by Fe/AC derived from
brewer’s yeast. The obtained results were summarized
as follows. The adsorption kinetics experiment
showed that 93% of the uptake of MB by Fe/AC occurred rapidly in 1.0 h, and the equilibrium was
reached within 5.0 h, which was well described by
pseudo–second–order kinetics. The MB uptake was
found to be independent on the solution pH. The adsorption isotherm data was well fit with the Langmuir isotherm and the maximum adsorption capacity
was estimated to be 120.09 mg/g. Fe/AC exhibited
high activity in catalytic oxidation of MB relative to
O3 and UV/O3, improving the TOC removal efficiencies by 40% and 150%, respectively, after reaction 5
h. Mutual promotion effect exists in the adsorption
and catalytic oxidation of MB by Fe/AC. Fe/AC provided high surface area where MB and ozone can be
adsorbed. Oxygen–containing groups such as Fe–O,
CO, COC, COH and COOH in Fe/AC were involved
in the chemical adsorption of MB. The presence of
Fe/AC in oxidation of MB by O3 and UV/O3 promoted the transformation of ozone adsorbed on its
surface to •OH radicals for the oxidation of MB,
while the oxidation process increased the content of
oxygen–containing groups on the surface of Fe/AC
which favored the MB adsorption. Furthermore, the
chemical adsorption mechanism would motivate
aqueous MB to be adsorbed onto the Fe/AC surface
for oxidation when the adsorbed MB was mineralized.
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The shallow burial of coal seam is not necessarily
small, the practice shows that the law of surface pressure of shallow buried rock coal seam is obviously
different from that of ordinary long wall working
face, in the process of mining, the ore pressure is
more intensified and more complex. The roof rock
collapse directly to the surface of the surface, easy to
form the instantaneous load impact on the working
face, causing the pressure destruction of the working
face hydraulic support, and even a series of mining
damage problems, such as the surface collapse of the
working face, the accident of sand break and the
ground collapse [1-4], these problems will adversely
affect the safe and efficient production of the working face, which will lead to serious disasters [5-6].
Although a lot of scholars have made some research
achievements on the pressure appearance and rock
stratum control in shallow and deep coal seam, the
understanding of roof breaking and pressure mechanism is not uniform, and the research of roof structure is not deep enough, therefore, the deep and systematic study of the progressive development law of
overlying rock and the law of surface subsidence
during the mining of shallow deep and thin bedrock
can provide the necessary theoretical basis for the efficient, safe and green mining of coal resources under the condition of shallow buried and thin bedrock
thick loose layer.
At the beginning of 80s, Australian scholars L.
Holla and M. Buizen measured some of the ore pressure phenomena in the shallow wall mining in the
coal mine of New South Wales. It is observed that
the maximum subsidence is 60% of the mining
height and 85% of the maximum subsidence is
within the range of 40m from the working face. It
shows that the goaf is rapidly compacted and the roof
strata near the coal wall move rapidly. Observational
study shows that the roof breaking is caused by the
"cork" like cut off from the coal seam to the surface,
rather than the bridge arch joint [7-8].
At the beginning of 90s, Shi Ping five and Hou
Zhongjie pointed out that the main point of the roof
control was to maintain a certain initial bracing force
and a certain filling state in the goaf, and further analyzed the influence of the thickness, height and propelling speed of the bedrock on the roof breaking [910]. Liu Xuesheng adopted a deep multi-bases

In view of the occurrence characteristics of
shallow coal seam, the development and evolution
law of overburden rock breaking in shallow coal
seam is systematically studied by means of physical
simulation test method of 3D similar material. The
results show that the temporary arch structure can be
formed in the loose layer after the old roof of the
shallow buried long wall working face is broken.
This structure postpones the collapse of the surface,
the shorter the working face, the thicker the loose
layer and the greater the parameter value of the loose
body, the more conducive to the formation of the
temporary pressure arch.; the surface subsidence of
shallow coal seam is mainly caused by the loose
layer and the breakage and subsidence of bedrock.,
in the mining process of shallow buried coal seam,
the longer the length of the working face, the smaller
the initial pressure step distance, the smaller the distance of the periodic pressure step, the greater the
subsidence of the surface, and the reasonable arrangement of the reserved coal pillar can effectively
control the subsidence and subsidence of the roof
and reduce the subsidence of the surface, under the
conditions of the same coal seam occurrence and
mining technology, the surface displacement and the
roof displacement are gradually increasing with the
increase of the length of the working face or the increase of the advancing distance of the working face,
the influence of the reserved coal pillar on displacement is greater than that of the length of the working
face.

'% !
Shallow mining depth, thin bedrock, 3D physics resemble
simulation, roof broken


" #"
China's coal reserves are relatively abundant
and play an important role in the development of the
national economy, most of them are distributed in
the western region, it has the characteristics of shallow buried depth, large coal seam thickness, small
inclination angle and simple geological structure.
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Based on the existing conditions of 1-2# coal
seam in Shendong mining area, this paper studies the
characteristics of overlying rock activity and the law
of surface subsidence in shallow deep and thin bedrock coal seam mining based on the existing conditions of coal seam in Shendong mining area, and provides the basic theoretical basis for the engineering
application.
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displacement monitoring device to probe roof movement behaviors of 20307 near shallow working face
in Gaojialiang Mine, built roof breaking model of
near shallow seam [11].
Through theoretical analysis, Hou Zhongjie established the mechanical analysis model of the initial
pressure and periodic pressure of shallow seam mining, and pointed out that the basic roof breaking form
is tensile failure, and the basic top breaking is further
caused by the shear failure after the basic roof breaking, and the basic mechanical conditions for the roof
to form the tensile and shear failure are given, and
the control roof is derived. Calculation formula for
supporting strength of step down [12]. Fan Zhongjie
applied three methods to focus on the large rnining
height overburden mechanics with shallow buried
coal sean1 in Changhangou 15105 working face
[13]. Zhang Jie and Hou Zhongjie, through the similar simulation experiments and field observations in
the laboratory of the tonifying pagoda coal mine, obtained the regularity of the rock pressure manifestation and the breaking law of the overlying rock
movement under the conditions of shallow depth,
thin bedrock and thick loose layer, the key layer theory is applied to the two layer shallow buried coal
seam, and the judgment formula of the overall step
cutting of the overburden is established. It is pointed
out that the key layer of the overlying strata in the
shallow buried seam of the surface thick loose layer
is two layers of hard rock, and the stability of the key
layer of the shallow buried seam in the thick loose
layer of the ground surface is analyzed, Based on the
theory of cantilever beam supported at both ends and
supported by gangue, the theoretical formula of the
old roof of the fault zone is derived, and the relationship between support and surrounding rock is revealed [14-15].
Zhang Guibin built numerical models with different bedrock thicknesses using distinct-element
modelling software, studied the deformation, failure,
and subsidence of the overlying strata during simulated coal mining [16]. Lai Xingping according to
conditions of No.5-2 super-thick coal seam in
Zhangjiamao coal district of Yushen mining area, the
physical and mechanical properties of coal-rock
masses were measured by lab mechanics experiments. Built up the physical simulation model, and
simulated the mechanical properties of support. The
simulation results indicate that the strata behavior of
large mining height fully mechanized face is dramatic [17]. Liu Chang proved the fractured shape of
overlying stratum exhibited as trapezoid platform
structure (TPS) after roof caving by the physical
model tests. Its forming mechanisms were investigated in detail and the calculation principle of geometric parameters of TPS. According to the TPS
studied the effect of mining face length on the fracturing behaviour of overlying strata, and given the
relationship between the TPS and key strata theory
[18].

Similar simulation experiments can be used to
observe the changes of stress, displacement, failure
and movement of similar models. It has the characteristics of clear and intuitive test effect, short test
cycle and quick effect. It is an accepted and effective
research method for mine mining and rock stratum
control.
",:; (;,90(3: (5+ 8<074,5; The size of
the three dimensional test bench is: L*W*H=
3000mm * 2000mm * 1000mm, as shown in Figure
1.

# 
"/9,,+04,5:065(346+,3;,:;),5*/
The monitoring contents of the model overburden include the change of the surface displacement
and the displacement of the roof. The main monitoring instruments are pressure sensor, pressure acquisition equipment, camera, micrometer and so on. The
measuring instrument and equipment are shown in
Figure 2.
!04<3(;065 6- /@:0*(3 (5+ ,*/(50*(3
967,9;0,: 6- 6*2 !;9(;( The similar material
simulation test is based on the mining conditions of
1-2# coal seam in Shendong mining area, and the
physical model is built according to the specific engineering geological conditions. The geometric similarity ratio of this similar simulation test is 1:100,
the bulk density ratio is 0.6, and the main physical
and mechanical parameters of the simulated rock
strata are shown in Table 1.
(*;<9, 6- 6+,3 The similar material for
making the simulated rock stratum is river sand as
aggregate, gypsum and calcium carbonate as cement,
and the specific formula ratio is shown in Table 2.
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Pressure acquisition equipment 

Pressure sensor

Camera 

Dial indicator 

# 
650;6905.05:;9<4,5;(5+,8<074,5;

"
(057/@:0*(3(5+4,*/(50*(37(9(4,;,9:6-46+,3*6(3(5+96*2:;9(;(
Strata
Aeolian sand
Sandy gravel
Gritstone
Fine-sandstone
Medium
grained sandstone
1-2# coal
Fine sandstone

Thickness
(m)

Bulk density
(kN/m3)

20
60
6

15.8
18
24.3

Compressive
strength
(MPa)
0.012
0.016
36.6

8

25.0

6

23.9

Cohesion
(MPa)

Internal friction

----------5.92

44.6
45.3

Poisson ratio

Elastic modulus (GPa)

11
20
32

0.31
0.3
0.28

0.012
0.015
35

7.59

33

0.28

32

6.85

30

0.25

33

angle °

5

14.8

10.5

1.2

20

0.35

15

8

25.0

44.6

7.2

37

0.28
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/kg
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sum

Water
/kg

Rock
weight /kg



4800

Loose strata

80

4000



Gritstone

6

420

437

32

73

581:9

525

Fine-sandstone

8

540

346

72

108

1031:7

720

Medium grain sandstone

6

388

337

39

90

741:7

517

1-2#coal

5

234

773

23

10

301:9

267

113

6122



238

389

368

7549

Total
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140m and 200m takes into account the size of the
model, and only half is taken by the symmetry, and
the similar physical model overview diagram is
shown as shown in Figure 4.

"/,(@6<;6-"/,(05650;6905.605;:
The displacement monitoring points are mainly arranged in two planes, the surface of the surface, the
key layer and the loose layer, and the stress monitoring point mainly monitors the change of the pressure
of the key layer (roof), and the pressure box is embedded in the middle plane of the key layer. The surface displacement can be measured by a micrometer,
and the displacement sensor can be embedded in the
internal displacement of the model. The horizontal

The similar physical model elevation of shallow buried thin bedrock coal seam is shown in Figure 3,the loose layer is 80cm thick, the coal seam
thickness is 5cm, the direct top thickness is 2cm, and
the bedrock is composed of 3 strata of different lithology, from bottom to top, the medium grain sandstone is 6cm, the fine-grained sandstone is 8cm and
the coarse sandstone is 6cm.
In order to make full use of the model space,
the activity law of roof strata under 3 conditions is
simulated under the condition of ensuring the width
of coal pillar with enough interval. Three different
working faces of 60m, 140m and 200m are simulated
on the edge of long 3M, and 35m coal pillars are left
around the 60m working face. The working face of
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arrangement of the surface displacement and the displacement of the top plate corresponds to the vertical
method, and the specific displacement and stress
monitoring points are arranged as shown in Figure 5
(The circular pattern represents the stress monitoring
point, and the triangular pattern represents the displacement monitoring point.).A total of 53 stress
monitoring points were installed in the test, and 76
displacement monitoring points, of which 38 were
on the ground surface, and 38 on the key layer and
loose layer. The stress measurement points and displacement measurement points cover the whole
model stope, and the surface displacement, roof displacement and roof stress of the stope can be monitored in three dimensions.

the 40cm coal pillar was reserved at the open cutting
eye, and the 35cm coal pillar was reserved on the adjacent working face, the thickness of the model roof
was 20cm and the height of 5cm was 5cm. All the
goaf was treated with all caving method, and the simulated working face was promoted to promote 160m.
After the opening of the coal seam in the 60m
working face, the direct top caving and the change of
the old roof during the mining process, as shown in
Figure 6, no significant changes have occurred in the
old top, but the direct top is followed by the mining.
Until the 60m working face was completely completed, the old roof did not collapse during the mining process, but the direct roof completely collapsed.
12 hours after the 60m working face was fully completed, the old roof began to collapse, and then accumulated a large area of caving at the stopping line
along with the time, due to the shorter length of
working face and the supporting role of reserved coal
pillars, the subsidence and displacement of the surface and roof are relatively small, and there are no
obvious cracks on the surface.

& " !#"!'!!

5(3@:0:6- 4!/69;%69205.(*,0505.
(5+?7,904,5;(3 ,:<3;:?7,904,5;(3(5(3@:0:
To simulate the mining of 60m short working face,
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5(3@:0:6-*/(5.,3(>6-6=,93@05.96*2(5+
.96<5++0:73(*,4,5;During the test, the displacement of overlying strata and surface and the stress
around the stope are monitored in real time. In the
process of working face recovery, the old top will
bend and sink with the increase of the exposed area.
However, because the thickness of the direct top of
the working face is larger and along with the mining,
the gangue can be filled with the goaf basically.
Therefore, the free space of the old top rock beam's
bending and sinking is smaller, and the old top is different from the long wall working face. After the initial pressure and cyclic pressure, a large scale collapse occurred on the old roof at the stop line after a
period of 60m mining. With the increase of time, the
loose layer collapses and collapses into the goaf
along the roof crack, and the sand break occurs in the
goaf, but the cracks have not developed to the surface, and there is no collapse pit on the surface.
There is no main reason for the initial pressure
and periodic pressure phenomenon during the mining process of short working face, because the length
of the working face is too short and the old top is
relatively hard, and the temporary stable structure of
the suspended plate is formed in the goaf. In order to
analyze the law of overlying rock collapse in short
working face, when the broken roof is not disturbed,
the loose layer above the working face of 60m is
completely removed and the top surface of the bedrock is observed. The failure of the bedrock surface
is as shown in Figure 7.

increase of the hanging board's naked time and the
length of the suspension plate, the suspension plate
will break and lead to the pressure of the roof. After
the coal seam mining in short working face, although
the roof breaks, but because the length of the working face is short, a more stable temporary structure
can be formed in the loose layer, which causes the
loose layer not to collapse to the surface. The shorter
the working face, the more conducive to the formation of the temporary stable structure in the loose
layer, and the settlement of the overburden may occur continuously after several years of coal mining.

5(3@:0:6- 4!/69;%69205.(*,05
05. (5+ ?7,904,5;(3 ,:<3;: ?7,904,5;(3
(5(3@:0:In the simulation of 140m normal working
face mining, considering the symmetry, the length of
the working face is half 70m, the 35m coal pillar is
reserved on the right, the left is the model boundary,
the 200m is pushed forward in the simulated working
face, and the goaf is treated with all the caving
method. The working face begins to be excavated
from the open cutting eye. With the front advance of
the working face, a sharp stress change belt is formed
between the overbearing pressure on the side of the
coal pillar and the pressure relief area on the side of
the goaf, which causes the roof to have the tensile
shear failure near the front of the coal face, and as
the working face advance forward, the damaged area
is destroyed, the region continues to extend. When
the face of the working face is pushed to about 20m
from open cutting eye, the roof is separated and bent
down, and the maximum sinking point is biased toward the open cutting side, when it moves to 30m,
the direct top has the first caving, and the direct top
caving form, as shown in Figure 8, is started from
the coal wall.

#  
66-*(=05.4(76- 4>69205.-(*,

From Figure 7, it can be seen that the roof of
the 60m working face has a large scale collapse at
the top of the stop production line, and there is still a
section of suspended plate in the vicinity of the cutting eye. The bedrock at the cut hole is similar to the
four end clamped plate, but at the stopping line, the
roof began to collapse from the stopping line due to
the existence of the free end. Through the whole
course observation of the test phenomenon, we can
draw the following conclusion: after the shallow buried short face coal seam mining, it will form a more
stable suspension plate structure, but with the

# 
09:;)9,(2(.,6-+09,*;;67

As the working face continues to advance, the
roof is still separated and broken. After advancing to
35m, the roof rock strata appear to move in a wide
range, and the upper part of the bedrock above the
coal wall appears to be fractured at the top of the
goaf. When it moves to the 50m, the old roof of the
bedrock is first collapsed and the collapse form is
asymmetrical. The field measured old roof first fall
step is 40m, as shown in Figure 9, at this time,
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although the overlying strata appear to be out of
layer, it is still more stable. With the advance of the
working face, the overlying rock and the loose layer
occur fracture, and the loose layer continues to collapse along the goaf along the crack, and the surface
begins to crack slowly to form the collapse pit. It is
indicated that the upper part of the working face is
subjected to the tension shear failure under the action
of mining unloading, and along with the advancing
area of the working face, the failure zone expands
along the overlying strata.

the shear strength of the overlying rock, the roof will
be cut down as a whole. The physical experiment results of shallow buried coal seams show that the mining overburden movement only forms the caving
zone and the crack zone "two belts", the overlying
strata near the coal seam are broken down because
of the collapse, and the rock layers near the loose
layer only have some big cracks and basically maintain the integrity, which indicates that the closer to
the coal seam, the more serious the overlying strata
damage.

# 
50;0(379,::<9,966-*(=05.+0(.9(4

When the working face is pushed to about 60m,
the working face is pressed for the first time and the
pressing distance is 25m. After the first periodic
pressure of the working face, when the surface of the
working face is pushed to 100m, the overlying strata
in the goaf are completely cut down, the stope is
pressed violently, the surface forms the boundary of
the left rise test bed, and the collapse pit of the right
to the surface cracks, the length of the crack (the advancing distance direction of the working face) is
about 40cm, and the width (perpendicular to the direction of the working face) is about 35cm, as shown
in Figure 10.The working face has second cycles of
pressure, and the pressing distance is 25m. Combined with the two step pressure distance, it can be
judged that the cyclic weighting distance of the
working face is about 25m. At this time the roof is
equivalent to a plate fixed on both sides, and the
bending moment of the overlying strata in the goaf
is the largest. When the shear stress is greater than

# 
!<9-(*,:<):0+,5*,*/(9;6-40505.796*,::

In the process of promoting 200m from 100m,
there are some cracks in the ground near 35m pillar.
When the working face advances to 200m, the overlying loose layer loses support force due to the collapse of the roof, and an obvious crack appears along
the direction of the coal pillar.
5(3@:0:6-*/(5.,3(>6-6=,93@05.96*2(5+
.96<5++0:73(*,4,5;It is found that the overlying
strata movement is dominated by vertical motion,
with the advancing of the working face, the displacement of the roof gradually increases, and the displacement velocity of the rock layer is maximum
when the surface of the working face pushes the survey point 20m, and the displacement speed of the
rock layer reaches the maximum. But the displacement velocity gradually decreases and the displacement increases slowly. In addition, along the advancing direction of the face, the surface displacement increases continuously, and the displacement of overlying strata increases with the distance near the cut
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subsidence is large, which indicates that the control
of the roof subsidence is an important measure to
control the subsidence of the surface. After the 140m
working face is finished, the overall subsidence
curve above the goaf is saddle shaped, and the collapse pit is formed at the cutting and stopping lines.

5(3@:0:6-4!/69;%69205.(*,05
05. (5+ ?7,904,5;(3 ,:<3;: ?7,904,5;(3
(5(3@:0:Considering the symmetry of 200m working face, the length of the model working face takes
half of the length of the whole surface, that is, it is
mining according to 100m, the boundary coal pillar
of 40m is left in the cutting eye, the left 35m coal
pillar is isolated from the old goaf, the right is the
model boundary, the 160m is promoted in the simulated working face, and all the goaf is treated with all
the caving method. As the working face starts from
the cutting eye, the direct top is followed by the mining. When the working face moves to 35m, the old
top appears the separation layer and begins to fall.
When the working face is pushed forward to 50m,
the initial pressure phenomenon appears. The field
measured the first falling distance of the old top is
35m, the maximum caving height of the old top
reaches 6cm, and the period comes to press the step
distance. For 20m, as shown in Figure 12.

hole. Surface subsidence has a certain lag time compared with the advancing of working face. As the
working face progressively pushed forward, the roof
strata began to shift and gradually increased. When
the working face advances to about 112m, the displacement of the roof strata slows down, and continues to the working face advancing to the stop production line. The displacement of the overlying
strata near the pillar is small, but the displacement of
the overlying strata is larger than the coal pillar, indicating that the remaining coal pillar can reduce the
subsidence of the surface.
Figure 11 is the surface displacement variation
curve of the monitoring points in the middle section
of the 140m working face at different advancing distances. As shown in Figure 11, with the increase of
the advancing distance of the working face, the surface displacement of each measuring point increases.
Because there is no boundary pillar in the 140m
working face, the maximum surface subsidence is
near the cut hole, and the surface step subsidence is
obvious. The surface displacement at the stopping
mining line of the 140m working face has also increased rapidly, which has been proved in the late
stage of the test. The rapid increase of the surface
displacement at the cutting and stopping line is due
to the two free ends at the roof of the cutting and
stopping line, which is relatively small and the roof
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elliptical cylinder structure, forming an elliptical collapse pit on the surface. The pit is about 40cm in the
direction of the working face, about 25cm in the direction of the working face, and about 1cm, as shown
in Figure 13.
When the surface of the working face is promoted to 140m, as the cracks in the overlying rock
gradually expand, the loose bodies pour down directly along the cracks, and the surface of the working face has the phenomenon of sand break and submerges the working face. During the process of advancing the 200m working face, the bedrock breaks
down, and some loose layers fall with the bedrock,
but at the beginning, it does not collapse to the surface, but forms a temporary arch in the overlying
layer. Due to the instability of the temporary arch
structure, and the working face continued to advance, the old roof is periodically falling, which is
equivalent to the temporary pressure arch foot moving forward, the arch span enlarges, the arch height
is increasing, the original temporary arch structure
falls and forms a new temporary arch structure in the
loose layer, and the temporary arch structure develops to the surface until the loose. The new arch structure can not be formed in the loose layer, the loose
layer collapses to the surface, and the surface forms
crater. Therefore, the collapse of the overlying strata
is not a one-time development to the surface after the
basement rock breakage of the shallow buried thin
bedrock coal bed, and the downfall of the overlying
strata is the result of the collapse of the loose layer.
The formation of temporary arch structure in shallow
buried coal seam is closely related to the thickness
of loose layer and the mechanical properties of loose
body. The thicker the loose layer is, the greater the
value of the parameters ( ϕ ) of the loose body,
the more conducive to the formation of the temporary pressure arch. When the 200m long face is finished, a new arc crack appears on the ground surface,
and the crack is roughly parallel to the first wide
crack. The width and depth of the two cracks are
larger, and the surface of the cracks is obviously
stepped along the surface of the cracks.
After the mining of 200m long working face is
completed, the broken roof is unstable and sinking,
the compaction of the broken gangue in the goaf and
the collapse of the loose bulk to the goaf continue,
and the depth and diameter of the surface collapse pit
continues to increase. Near the coal pillar, the surface formed a longitudinal penetration crack, near
the stop production line, the roof appeared a strong
pressure phenomenon, the overlying rock occurred
step down, the surface subsidence was close to 2cm,
as shown in Figure 14.This is mainly due to the role
and influence of coal pillars at the stopping line.
There are two free ends of the roof. Therefore, the
coal pillar has great influence on roof breaking and
surface collapse.

#  
!<9-(*,*633(7:,
When the working face is advanced to 100m,
there is a large area collapse at the top of the roof in
the distance cutting 20m. The old roof is wrong, the
roof appears step down, the roof falls more than 2cm,
and two arch cracks are formed on the top of the roof,
and the separation phenomenon occurs in the vault,
and the cracks begin to occur in the loose layer.
When the surface of the working face is promoted to
110m, the crack is developed from the roof to the
surface, and the partial loose layer is completely cut
down, and the wide crack is formed in the loose
layer. The crack width is close to the 1cm, and the
collapse does not spread to the surface. A large number of loose bodies break into the goaf along the
cracks. The temporary arch is formed in the loose
body. When the working face is pushed forward to
120m, the transverse cracks in the middle of the
loose layer begin to close, the temporary pressure
arch begins to fall, the vertical crack develops to the
surface, and eventually runs through the loose layer,
the overlying rock is fully cut down, the top of the
roof forms a "eight" type crack, and the angle of the
left crack and the horizontal line reaches about 83
degrees, and the right crack is on the right side. The
angle between the horizontal line and the horizontal
line is about 70 degrees. The cracks in the surface are
also connected gradually. The collapse body formed
in the loose layer is similar to a "bottle stopper" with
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overlying rock breakage in shallow coal seam, it can
be seen that the overlying strata collapse and the surface formation collapse pit in shallow coal seam, on
the one hand, because some loose layers are broken
down with the roof together, on the other hand, the
loose body has fluidity, which can break into the goaf
along the crack and aggravate the formation of the
surface collapse pit. The maximum surface subsidence of the surface of 200m is close to 1.8cm, which
is greater than the maximum subsidence of the surface of 140m working face 1.6cm, which indicates
that the length of the working face will have a certain
influence on the subsidence of the surface, and the
length of the working face is long and the subsidence
of the surface is greater under the same mining
height. Due to the formation of temporary pressure
arch in the loose layer, the surface subsidence is lagging behind the roof settlement.
Figure16 is the surface displacement map of the
monitoring points in the middle of the 200m working
face at different advancing distances.
As shown in Figure 16, with the increase of the
advancing distance of the working face, the surface
displacement of each measuring point increases. The
surface settlement above the pillar of the coal pillar
is less than 0.2cm, which indicates that the subsidence of the bedrock is very small, so the rational retention of the pillar can effectively control the breakage and subsidence of the overlying strata. When the
working face is pushed to 160m, the displacement
curve shows a "inverted funnel" feature along the direction of the working face, and the surface subsidence area almost includes all the areas above the
goaf, and the surface subsidence of the 80m point at
the direction of the working face is close to the 2cm.
This is the lowest point of the collapse pit. The surface subsidence near the cut hole is small and the
growth is slow, this is mainly due to the effective
confinement of the reserved coal pillar for the roof's
fracture and collapse.
Figures 17-18 are the comparison diagrams of
roof displacement and surface displacement of different working face lengths, as shown in Figures 1718, the displacement of the surface and roof increases as the advancing distance of the working face
increases. The roof breaking form of short working
face is obviously different from that of long working
face. Although the roof above the goaf in short face
can maintain stability for a long time after coal mining, it is not easy to form articulated structure after
breaking the old roof, and the roof has a whole shear
failure. When the roof is pressed, the ore pressure
appears equally severe. The 40m pillar is reserved
for the 60m working face and the 200 working face,
and the larger the length of the working face is, the
larger the displacement of the surface and roof will
be. However, due to the influence of reserved coal
pillar, the displacement of roof and surface of 200m
working face is less than that of 140m working face.

#  
!<9-(*,7,5,;9(;05.*9(*24(7


#  
962,5-694+0(.9(46-966-

The 200m roof above the goaf is broken and
broken, forming an obvious arc plate, as shown in
Figure 15. The main reason is that when the working
face moves to the vicinity of the fault, it will rotate
with the broken rock plate, and the ends of the cracks
will extend to the arc in the mined out area. In the
middle part of the arc rock plate, the maximum amplitude of rotation motion is active, and the two sides
are in the driven state. The simulation shows that the
initial pressure and periodic pressure on the working
face depend on the stability of rock mass in the middle part of the working face.

5(3@:0:6-*/(5.,3(>6-6=,93@05.96*2(5+
.96<5++0:73(*,4,5;After the 200m working face
is finished, the roof subsidence of each point near the
coal pillar is smaller and the roof subsidence of the
distance measured at the distance from the coal pillar
is larger. It is similar to the overall subsidence of the
corresponding point on the surface, indicating that
the coal pillar has a great influence on the roof breakage and the surface subsidence, and the unstable masonry beam can be formed after the top plate breakage. Structure, to a certain extent, postponed the
sinking of the roof. At the same time, due to the fracture of roof rock breaking, the loose body can
quickly break into the goaf along the crack, and to
some extent it has a favorable influence on the control of the roof subsidence, but it increases the subsidence of the surface and aggravates the destruction
of the surface. Through the analysis of the law of
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With the increase of working face advancing
distance, the roof pressure increases. The roof pressure of 200m face is always greater than that of 60m

short working face. When the working face is short,
the top plate of the 140m working face is larger than
the 200m face. When the working face is pushed to
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the second half, the top plate of the 200m face is
greater than the 140m face. After the breakage of the
bedrock of the shallow coal seam, the roof of the
goaf and the loose layer of the roof fall down, and
the position of the roof fall is roughly the same as the
ground subsidence. The main reason for the subsidence is that the loose layer falls with the broken bedrock, the surface of the arc plate is relatively complete, and there is no transverse crack. Therefore,
when the length of the working face is long, the broken form of the roof is the "O-X" type breaking form,
and the "short masonry beam" structure is formed
along the direction of the working face.
Due to the relatively short size of the propelling
direction along the working face, the characteristics
of the periodic rupture of the roof are not obvious.
Compared with the surface cracks, the width of the
roof cracks is small, and the height difference between the broken roof is also small, this is mainly
when the roof is broken and formed an articulated
structure. Then, due to the collapse of the roof, some
cracks are closed, and the sand has a certain fluidity.
The loose body quickly collapses into the goaf along
the roof crack, which aggravates the expansion of the
crack to the surface and the collapse of the loose
layer. The mining height has an important influence
on the subsidence and subsidence of the overlying
rock in the shallow buried rock. The higher the
height of the mining, the larger the overburden, and
the influence on the formation of the temporary pressure arch in the loose layer.

sinking and reduce the surface subsidence.
3The initial compressive strength increases
with the increase of the length of the working face,
while the cyclic compressive strength decreases with
the increase of the length of the working face. The
length of the working face is large and the position
of the roof pressure shows a larger randomness. The
ore pressure distribution along the surface of the
working face is the most intense in the middle area,
and the ore pressure of the lower part and the upper
part of the middle is larger than that in the lower part
of the middle.
4Under the conditions of the same coal seam
occurrence and mining technology, with the increase
of the length of the working face or the increase of
the advancing distance of the working face, the displacement of the surface and the displacement of the
roof are increasing gradually. From the corresponding value of the surface and the displacement of the
top plate of the 200 meter working face less than 140
meters, it can be seen that the reserved coal pillar has
great influence on the displacement change, which is
greater than the effect of the length of the working
face on the displacement.
5The collapse of the overlying layer is not a
one-time development to the surface after the subsidence of the base rock of the shallow buried thin
bedrock, and the overburden of overlying rock and
the subsidence of the surface are the result of the
downfall of the loose layer. The broken roof of shallow coal seam can form an unstable masonry beam
structure, which will delay the roof subsidence to a
certain extent. At the same time, due to the fracture
of roof rock breaking, the loose body can quickly
break into the goaf along the crack, and to some extent it has a favorable influence on the control of the
roof subsidence, but it increases the subsidence of
the surface and aggravates the destruction of the surface. The surface subsidence of shallow coal seams
is mainly caused by the loose stratum and the breakage and subsidence of bedrock.
6After the roof rock break, a relatively complete arc rock plate can be formed. The middle part
of the rock plate has the largest amplitude of movement, and the movement amplitude of the rock plate
ends is small and the stability is good. When the
length of shallow buried working face is longer, the
roof breaking form is vertical "O-X" type breaking,
and the short masonry beam structure is formed
along the advancing direction of the working face.

#!
Taking the Shendong mining area as the background, the three-dimensional similar material simulation test method was applied to simulate the influence of different working face length and different
replacement mode on roof strata movement, ground
subsidence law and stress redistribution rule of coal
pillar under the conditions of shallow buried depth,
Bo Jiyan and thick loose layer.
1When the length of the working face is
short, the roof is not easy to appear all thick cutting
phenomenon, and the change of surface displacement and roof pressure is small. When the length of
the working face increases, the loose layer is prone
to shear failure and the roof is easy to form a full
thickness, the greater the length of the working face,
the larger the breaking wave range, the more easy to
produce the sand break near the working face. Like,
until the surface of the work is flooded.
2During the mining process of shallow buried deep and thin bedrock, the initial pressure step
distance and periodic pressure step distance decrease
with the increase of the length of the working face,
while the subsidence of the surface is relatively
larger. The reasonable layout and retention of coal
pillars can effectively control the roof breaking and

 !
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long-term discharge of industrial gases and improper
fertilization. Crops grown on cadmium-contaminated farmland are enriched with cadmium, and
eventually cadmium entered the human body
through the food chain, creating a range of health
threats. Human injury caused by long-term exposure
to Cd was very complicated. Studies have shown that
the incidence of lung cancer in people exposed to
cadmium occupation or long-term residence in Cd
exposure is higher than that of ordinary environment
[1]. In addition, cadmium can also induce bone lesions (mainly characterized by decreased bone density, osteoporosis), atherosclerosis, hypertension and
other serious diseases [2]. Most importantly, cadmium also has an adverse effect on plant growth and
metabolism. For example, cadmium pollution can
cause significant inhibition of plant height, root
length and biomass [3]. Barbara et al. reported that
CdCl2 (5mΜ/L) significantly increased the level of
hydrogen peroxide (H2O2) in sunflower plants [4]
When plants were treated with cadmium, the photosynthetic quantum yield of the plant will decrease,
disturbing the water metabolism of the plant, causing
chromosomal aberrations and causing disorder of the
cell division cycle [5]. For example, Cd could reduce
in the chlorophyll content of     
seedlings and  seedlings [6, 7]. Zou et
al. [8] noted that the addition of Cd caused some disorders of Cd-responsive genes. These genes are
closely related to important physiological processes
such as antioxidant response, metal transport, Cd detoxification, DNA replication and transcription.
Rice, as one of the most vulnerable crops affected by Cd pollution, has received more and more
attention. As one of the countries with the largest
consumption of rice in the world. China's safe production of rice and grain quality are on the agenda.
Chen et al. [9] investigated the Cd concentration in
the grain of 200 rice samples in Xiangtan City, Hunan Province, and found that 88% of the rice exceeded the maximum allowable amount in China
(0.2 mg dry weight/kg). Among them, children aged
from 4 to 11 have the highest intake of Cd. According to Quali et al. [10], Cd in the environment is easily accumulated in fish and other aquatic products
and endangers human health through the food chain.

!" "

Previous studies have shown that Fe2O3 nanoparticles (Fe2O3 NPs) may be a potential form of fertilizer utilization. In recent years, heavy metal such
as cadmium (Cd) pollution has become increasingly
severe. The effects of Fe2O3 NPs on plant Cd absorption were not well understood. The aim of this study
was to explore the effect of Fe2O3 NPs on the absorption of Cd by rice seedlings. In the present study,
Fe2O3 NPs were sprayed on the leaves of rice seedlings (Hybrid Rice Y Liangyou 900) under hydroponic conditions with 50μM CdCl2.There were two
series of spraying treatments, namely Fe2O3 NPs and
FeCl3 bulk materials, and 4 kinds of concentrations
(i.e., 0, 20, 50, 100 mg / L). The results showed that
the addition of exogenous Cd2+ to the nutrient solution inhibited the growth of rice seedlings, which
was reflected in dwarf plants, underdeveloped roots,
and chlorotic leaves. Foliar application of FeCl3 and
Fe2O3 NPs materials aggravated the inhibition of
Cd2+ on rice seedling growth, resulting in further reduction of plant height. But the negative effects were
more obvious especially at 50 mg/L FeCl3; Cadmium
stress caused damage to DNA, which was manifested in the increase of 8-hydroxydesoxiguanosine
(8-OHdG) content. Foliar application of two kinds of
iron materials partially reduced the DNA damage of
cadmium to shoot, and the mitigating effect of Fe2O3
NPs was more obvious than FeCl3.


&$ !
Iron fertilizer, nanoparticle, rice, foliar application, cadmium, phytotoxicity
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With the rapid advancement of industrialization,
the types and quantities of toxic substances such as
heavy metals in the environment are increasing.
Among them, soil cadmium (Cd) pollution is one of
the most prominent problems. Cadmium pollution
mainly comes from mining in the mining area, unreasonable stacking of solid waste, sewage irrigation,
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one of the most representative materials in the field
of nanotechnology, Fe2O3 NPs are widely used in catalysis, biology, and medicine [24]. Compared to traditional iron foliar fertilizers, the advantages of
Fe2O3 NPs need to be more excavated. We hope to
find out the possible mitigating effect of Fe2O3 NPs
on metal toxicity of plants, compared with bulk iron
leaf fertilizer.
In addition, in order to better explore the impact
of nanomaterials on crop growth, a novel indicator
was needed to be introduced to explore its potential
mechanisms for crops. For example, Hao et al. [25]
used the soil bacterial community as an index to explore the effects of several carbon nanomaterials
(C60, RGO, MWCNT) on rice plant, and found that
several nanomaterials can significantly alter the bacterial community structure in rice rhizosphere soil.
Yang et al. [26] used amino acids as a new exploration point and found that arginine and histidine can
be significantly reduced in the presence of 20-2000
mg/kg of Ag NPs, compared with control. In this
study, the commonly used inorganic iron spray materials (FeCl3 and Fe2O3 NPs) were used to explore
the effects of two different iron materials on heavy
metal Cd absorption, and the DNA damage product8-OHdG was used as a new perspective for exploration. It is expected to find out the potential damage
mechanism of Cd on rice plants and the possible control mechanism of iron spray materials.

That will pose a potential threat to human health.
Generally speaking, heavy metals can migrate into
plants tissues via the media such as soil, atmosphere,
and water. When cadmium acts on plants, it will have
toxic effects on plants, such as plants becoming
shorter and leaves losing green. Zhang et al. [11] reported that the shoot and root biomass of wheat
could be reduced in 1mg/L Cd treatments. Similarly,
Qin et al. [12] reported that the addition of Cd can
simultaneously reduce the plant height, root length
and dry biomass of rice, compared with the control
group. In addition, the chlorophyll content, photosynthetic rate and peroxidation products of plants
were decreased under Cd stress. This indicated that
Cd can cause strong damage to plants [13, 14]. There
have been many reports on the prevention and control of Cd pollution. For example, Hashemi et al. [15]
reported that the addition of biochar can significantly
reduce the absorption of Cd by lavender (Lavandula
stoechas L.) and prevent the transformation of cadmium into the shoots. The specific bacteria extracted
by Stout et al. [16] can also reduce the accumulation
of heavy metal cadmium in duckweed plants. Cadmium could be absorbed and accumulated by hyperaccumulators. In addition to the cadmium repaired
by exposure to plant roots, cadmium could be controlled by spraying on the foliage of plants. For example, foliar application of Zinc fertilizer can significantly reduce the Cd content in cucumber shoots
[17]. Gao et al. [18] found that foliar application of
2.5 mM silicon or 40 mg/L selenium significantly reduced cadmium content in three rice varieties
(NJ5055, ZF1Y and WYHZ). Similar to silicon fertilizer and selenium fertilizer, iron fertilizer is also an
important micro-fertilizer material. Generally, foliar
spraying is more effective than soil micro-fertilizer
to inhibit the absorption and accumulation of cadmium. Therefore, external fertilization is an effective
way to improve fertilizer utilization and reduce the
toxicity of heavy metals. As more and more Fe2O3
NPs released into the environment in recent years,
how to make better use of it has gradually become a
hot topic. For example, Rui et al. [19] found that
Fe2O3 NPs, which has a certain advantage over traditional bulk iron fertilizers, can be used as a potential root fertilizer for peanuts. Hu et al. [20] reported
that presence of Fe2O3 NPs could alleviate oxidative
stress to Citrus maxima. With the development of
nanotechnology, more and more people are applying
nanotechnology to the pollution control of heavy
metals. For example, magnetic iron oxide nanoparticles (Fe3O4 NPs) could significantly reduce the toxicity of heavy metals Pb, Zn, Cd and Cu to wheat
seedlings [21]. Titanium dioxide nanoparticles (TiO2
NPs) with a concentration ranging from 10 to 1000
mg/L can also effectively reduce the stress caused by
Cd on rice [22]. Previous studies also reported that
Fe2O3 NPs have a certain promoting effect on plant
resistance to Cd, which may be caused by the deposition of Cd in the root epidermis of plants [23]. As

" !"!

+  7.(6()8+6/>(8/43The Fe2O3 NPs
was purchased from Sigma Inc. The size and shape
of the Fe2O3 NPs were observed by TEM (JEM-2100,
JEOL, Japan). The specific operation method was
consistent with the description of Rui et al. [27]. The
results showed that the average particle size of Fe2O3
NPs was smaller than 50 nm. More detailed information can be obtained from Van Nhan et al. [28].
FeCl3 and other materials used in this experiment
were purchased at Beijing Chemical Works.

1(3891896+Rice seed Y Liangyou 900 was
used as a model plant in this study. The seeds were
sterilized with 5% H2O2 for 15-20 min, then the surface disinfectant was thoroughly rinsed with deionized water. 30 rice seeds were placed in a petri dish
containing double-layer filter paper for a week of
germination. Deionized water was periodically
added to the culture dish every other day during the
germination to replenish the missed water during the
germination process. The germination environment
was in the dark at 25 ± 1°C. And the humidity percent of germinator was 75%. One week after the seed
germination, 20 rice seedlings with good uniformity
were picked and placed in a 50 mL test tube for hydroponic culture, which was composed by 1/2×Ki-
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mura nutrient solution. The transplanted rice seedlings are placed in an incubator and wrapped in tin
foil to prevent the light from damaging the roots of
the plants. The parameters of the incubator were set
as follows: Light cycle 16h/8h, temperature
28°C/22°C, light intensity 1500 lux, relative humidity 75%, day/night. After one week of growth, the
rice seedlings with the same uniformity were selected, and 15 seedlings were placed in each tube, a
total of 24 test tubes. Two series of treatments were
as follows: (1) FeCl3 treatments: 20 mg/L FeCl3, 50
mg/L FeCl3, 100 mg/L FeCl3; (2) Fe2O3 NPs treatments: 20 mg/L NPs, 50 mg/L NPs, 100 mg/L NPs
[29]. The above two series were both treated in the
presence of 50μM CdCl2 [30]. In addition, a control
group (treatment without Cd in 1/2×Kimura nutrient
solution) and a Cd2+ treatment group (50μM CdCl2)
were separately set. There were 3 repetitions for each
treatment. Fe2O3 NPs or FeCl3 were sprayed on the
rice leaves after ultrasonic shaking for 30 min using
ultrasonic cleaner (KQ3200DE). The spraying
standard was applied to the surface titer. 

+8+62/3(8/43 4, /)+ /42(77 The plant
height and root length were measured with a millimeter rule after one week of rice spraying. The plant
height refers to the length from the boundary between the root and the shoot to the top of the rice
seedling, and the root length refers to the length from
the base to the bottom of the root. Rice seedlings are
thoroughly rinsed with tap water to wash the surface
of the nanomaterials, etc., and then rinsed with deionized water to wash the residue. The surface moisture was dried with filter paper, and 8 seedlings were
randomly selected to measure the fresh weight of the

shoots and roots. After weighing the fresh weight,
the sample was dried in an oven at 105°C for 30 min,
then dried at 75 °C to constant weight for measuring
its dry weight and the Cd content was measured in
the next step [24].

+(796+2+3874,*/3 /)+!++*1/3-70.1 g
dried shoot sample was subjected to a microwave digestion with HNO3-H2O2 (v:v,3:1) digestion solution. The total Cd content in the shoots of rice seedlings was determined by inductively coupled plasma
optical
emission
spectroscopy
(ICP-OES;
ICAP6300, Thermo Scientific, Waltham, MA, USA).
The specific parameters were as follows: incident
power: 1.15 kW; auxiliary gas: 0.5 L/min; observation height: 12nm; cleaning time: 30s; pump speed:
50rpm; integration time: 10s; wavelength: 267.7nm;
Cd detection limit: 0.56 ng/mL.

+8+62/3(8/434,/3 /)+!++*1/3-7
The contents of 8-hydroxydesoxiguanosine (8OHdG) in iron-sprayed treated rice seedlings were
determined as described by Sonia et al. [31]. Briefly,
0.1 g shoots or roots samples of fresh rice were
placed in a cold mortar and rapidly ground with liquid nitrogen. Then, buffered CTAB, 100mM Tris–
HCl, 2% polyvinylpyrrolidone (PVP), 1.5M NaCl,
0.20mM ethylene diamine tetraacetic acid (EDTA)
and 1% ß-mercaptoethanol were added to the ground
sample. Next, DNA extraction kit (Qiagen, Courtaboeuf, France) was applied for DNA extraction.
DNA damage (8-OHdG) ELISA kits produced by
Stress Marq Biosciences Inc. (Thermo, USA) were
used for the analyses of 8-OHdG content.


#  
.+348=5/)(1/2(-+4,;.+(8-64;3/3*1 (2+3*+*.=*64543/)+3:/6432+38
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# 
.=7/414-/)(16+75437+74,6/)+7++*1/3-79543+<54796+84*/,,+6+38,41/(6756(=/3-)43)+386(8/4374,+1 
(3*+  7!.4481+3-8.64481+3-8.7.448,6+7.;+/-.86448,6+7.;+/-.87.448*6=;+/-.8(3*
6448*6=;+/-.86+75+)8/:+1= 
Error bars represent standard deviation (n = 3) and similar letters mean no statistical difference between treatments in Duncan’s
test (p <0.05)



!8(8/78/)(13(1=7/7The data was expressed as
mean±SD (standard deviation). Duncan multiple
comparison test was performed with SPSS 19.0. P <
0.05 was considered to be significant.


!#"!

,,+)874,";441/(6 !56(=+*643(8+6/
(17431(38+/-.8(3*/42(77As shown in Figure 1, the exogenous addition of Cd2+ can obviously
cause the leaves of rice seedlings to become yellow

and the plants to become shorter. The foliar application of iron fertilizer (both FeCl3 and Fe2O3 NPs)
cannot improve the yellowing of the leaves compared with the Control. Figure 2 shows physiological
parameters of wheat treated with different concentrations of foliar application of iron material in the
presence of 50μM CdCl2. It can be seen from Figure
2A that in the presence of CdCl2, shoot height was
significantly inhibited compared with the control,
and different iron spray materials or their different
concentrations have no significant effect on the plant
height of rice, except for 50 mg/L FeCl3. Its shoot

9283

#" 

 $     

 



                !

 


and there was no significant difference in each treatment. However, the addition of FeCl3 and Fe2O3 NPs
increased the absorption and accumulation of Cd in
aboveground plants. Exposure to either Fe2O3 NPs
or FeCl3 increased the Cd content by 3.95-13.78%,
relative to the plant which was only added Cd.
Therefore, it can be concluded that the application of
FeCl3 and Fe2O3 NPS iron fertilizers on the leaves
can slightly promote the inhibitory effect of Cd2+ on
the growth of rice seedlings and further reduce the
plant height of rice seedlings. Therefore, it maybe
cause further damage to plants and poses a greater
threat to human health.

3(1=7/7 4,  /3 +  7 (3*
 "6+(8+* /)+!++*1/3-7To evaluate the effects of iron material foliar-sprayed on damage to
rice seedlings, 8-hydroxydesoxiguanosine (8-OHdG)
contents were determined. The content of 8-OHdG
in rice roots is much higher than that in rice shoots
(Figure 4). For example, in the control group, the
content of 8-OHdG in roots was 82.09% higher than
that in shoots, and the content of 8-OHdG in roots
was 1.21-4.36 fold higher than that in shoots after
adding 50μM CdCl2. This could indirectly indicate
that CdCl2 exacerbates DNA damage. Although
there was no significant difference between the respective spray treatments and the control group. Interestingly, Foliar application of Fe2O3 NPs can reduce the content of 8-OHdG in shoots, and the increase of 8-OHdG in roots is far less than that in

height was significantly inhibited compared with
single application of CdCl2. Similarly, Figure 2B illustrated that the addition of Cd alone did not significantly inhibit root length, although the root length
was reduced by approximately 10.56% compared to
the control. However, 50 mg/L FeCl3 or Fe2O3 NPs
spray significantly inhibited the root length compared with the control, in other words, it aggravated
the inhibitory effect of Cd on rice roots. It can be
seen from Figure 2C that the fresh weight of the aerial parts of the plants is not significantly affected by
the addition of Cd or the application of iron. The dry
weight of the aboveground part has a similar trend
(Figure 2E). It is worth noting that the fresh weight
of shoot was reduced 13.57% under 50 mg/L of
FeCl3 condition, and which reduced the dry weight
of shoot by 5.38%, compared with its corresponding
control. As compared to that of the control, the addition of Cd significantly reduced the weight of the
roots of the plants (Figure 2 D, F), however, there
was no significant difference between treatments
compared to Cd alone. Although the foliar spray inhibition of FeCl3 was more pronounced than that of
20-100 mg/L Fe2O3 NPs.
,,+)8 4, 41/(6 551/)(8/43 4, 643 43 8.+
438+384,*/3 /)+!++*1/3-7The contents of
Cd in different treatments of iron-foliar-sprayed are
shown in Figure 3. Obviously, the addition of Cd
could increase the content of Cd in the shoots of rice,


#  
*)438+387/3*/,,+6+38)43)+386(8/4374,/643,41/(6756(=86+(82+38 
Error bars represent SD (n = 3), and similar letters mean no statistical difference between treatments in Duncan’s test (p <0.05)
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# 
*)43)+386(8/437/38.+8/779+4,/643,41/(6756(=+*6/)+7++*/3-7



Error bars represent SD (n = 3), and similar letters mean no statistical difference between treatments in Duncan’s test (p <0.05)



FeCl3 spray treatment. For instance, the content of 8OHdG in all three Fe2O3 NPs shoot treatments was
decreased by 22.35, 42.84, and 23.02%, respectively,
with increasing the concentrations of Fe2O3 NPs. In
the treatment of FeCl3 spraying, it only decreased by
1.75-29.47%. This may partly indicate that Fe2O3
NPs reduce DNA damage compared to common
non-nano-iron materials.


!#!!#!!

Taken together, Cadmium inhibited the normal
growth of rice plants in terms of plant height, root
length, fresh weight or dry weight. Cadmium inhibited the normal growth of rice plants. Some growth
parameters such as yellow leaves, short plants, etc.,
which were mainly related to the decrease of photosynthetic rate in plants and the decrease of some enzyme activities. The addition of FeCl3 spray material
would aggravate this inhibition, especially at the
concentration of 50mg/L, the inhibition effect is
most obvious. The addition of nanomaterials or nonnano-iron materials did not significantly affect the
absorption and control of cadmium in rice, but in
terms of DNA damage products, Fe2O3 NPs treatments had less effect on DNA damage than FeCl3.
Iron, one of the important elements of chlorophyll in photosynthesis, was added in this study to

reduce cadmium toxicity. However, it turns out that
the addition of FeCl3 not only failed to alleviate this
toxic effect, but also would aggravate this adverse
effect at a certain concentration. The reasons may be
as follows: During the experiment, the iron material
sprayed on the foliar surface may partially fall into
the nutrient solution or volatilize, and the concentration of the iron material used was not high and the
amount was small. This part of the loss will reduce
the effect of the iron material; The iron materials
used are all Fe3+, and it is generally believed that the
main absorption and utilization of iron in the form of
Fe2+. Although high iron reductase in plants can reduce Fe3+, this reducing power is limited. Therefore,
even if the direct leaf supply of Fe3+ cannot change
the iron nutrition status of the aboveground part of
rice seedlings; The iron nutrient status of rice plants
is not only regulated by the effective iron content in
the shoots, but also might be affected by many other
factors. Therefore, merely improving the iron nutrient status of the aboveground part by spraying iron
fertilizer on the surface may not prevent the expression of the rice iron transporter OsIRT1, which
would be still enter the plant through the iron transporter. OsIRT1 played a major role in transporting
metal ions in the absorption of Fe2+ by rice. According to this characteristic, it can be hypothesized that
as long as the effective iron content in the plant
shoots is sufficient, the expression of iron transporter
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would not be induced, and the transport of heavy
metal ions in the environment can be reduced [32].
However, this study fully demonstrated that the valence state of Fe and the point of action of contact
with plants fully affected the absorption and
transport of cadmium.
From the perspective of the content of 8-OHdG.
8-OHdG is a product of DNA damage and is commonly used to indicate DNA damage. Therefore, the
8-OHdG content of plants is the highest under adverse stress such as Cd stress conditions. The content
of 8-OHdG in robinia pseudoacacia L., black alder
(Alnus glutinosa L.) and white willow (Salix alba L.)
plot amended with the silico-aluminous coal fly ash
were decreased to 89, 41 and 69%, respectively [31].
After exposure to CuO NPs, Chinook squid cells
showed a dose-response relationship between the
concentration of 8-OHdG and the concentration of
CuO NPs in the body [33]. In our study, we speculate
that the accumulation of 8-OHdG caused by Fe2O3
NPs may be due to its special surface particle size
and so on [34].
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ABSTRACT

production of peach is about 21.08 million tons
from an area of 14.9 million hectares under its cultivation. Peach is currently placed as one of the
main horticultural produces and is the third largest
species of fruit tree in terms of production [1], after
apples and pears. China is the largest peach producer followed by Italy, Spain, and United States. Most
of the commercial production of peaches comes
from the regions that lie between the latitudes 30°N
and 45°S [2]. However, peaches are native to China, yet more than 3000 cultivars are currently cultivated worldwide, which can be characterized into
different groups on the basis of morphology [3]. It
is also a prominent species among the fruits due to
having diverse germplasm around the globe with
largest number of commercial genotypes.
Besides its commercial importance, peaches
are one of the richest sources of nutrients and is
known as a popular summer fruit [4]. Several epidemiological studies revealed the importance of
fruits and vegetables in the provision of health
benefits against chronic and degenerative diseases
(such as stresses, atherosclerosis, heart and brain
disorders, cardiovascular disease, diabetes and
different types of cancer) [5-8]. Additionally,
peaches have purgative properties that can prevent
constipation and can be used to treat duodenum
ulcers. Such medicinal value of the peaches might
be due to the presence of higher amounts of antioxidants (Phenolic acids, flavonoids, and anthocyanin
compounds) with great antioxidant potential.
As mentioned earlier, peach fruits have the
largest number of commercial cultivars, which
reflect on its diversity [9]. Different studies have
reported a significant variability among the various
cultivars of the peaches that might be due to the
geographical zones, climatic conditions and crop
genetics. The role of climate and geography of the
area is very important concerning the physicochemical properties of the peach fruits [10]. On the other
hand, Cantín et al. [11] reported that the total soluble solid concentration is dependent on heritability

Phenotypic variation in peach tree and fruit
characteristic was investigated using 7 desirable
cultivars, namely A669, Texas y-455, Florida King,
Arctic Fantacy, Spring Creast, Micholea and Swanee. All cultivars were grown at the Experimental
Peach Block at Barani Agriculture Research Institute (BARI), Chakwal, Punjab-Pakistan. Tree traits
such as growth habit, leaf characteristics, flower
characteristics, morphological and biochemical fruit
traits were evaluated by using IBPGR peach descriptors. Extensive variation was found among the
cultivars for various traits, including tree growth
(weeping, compact or open whereas), leaf length
(9.0 ± 0.8 to 12.0 ± 0.4 cm), leaf width (2.6 ± 0.1 to
3.3 ± 0.2 cm), fruit weight (45.6 ±3.3 to 107 ± 8.8
g) and stone weight (4.3 ± 0.2 to 7.5 ± 0.4 g). Besides, a significant variation among the various
cultivars has also been observed regarding, titratable acidity (0.64 ± 0.02 to 1.19 ± 0.04%), °Brix
(7.17 ± 0.62 to 11.27 ± 0.21), ripening index (6.02
± 0.72 to 17.2 ± 0.44), Vitamin C (75.3 ± 15 to
116.1 ± 10.5 mg 100 g-1), total sugar (13.52 ± 0.50
to 20.84 ± 1.23%), reducing sugar (5.68 ± 0.11 to
7.25 ± 0.51%), non-reducing sugar (4.12 ± 0.45 to
10.77 ± 0.8%), total phenolics (176.20 ± 7.18 to
317.72 ± 4.66 mg GAE 100 g-1), radical scavenging
activity (44.25 ± 0.28 to 78.17 ± 1.43%) and reducing power (0.12 ± 0.1 to 0.22 ± 0.03). Similarly, a
significant correlation was noticed between many
tested traits.
KEYWORDS:
Genetic diversity, morphological descriptors, sugars,
phenolics, radical scavenging activity

INTRODUCTION
The cultivation of peach (Prunus persica L.)
has been practiced since ancient times. The annual
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tensity of anthocyanin coloration on flowering
shoot) in each peach cultivar was measured directly
on the spot (field) using peach descriptors developed by the International Board for Plant Genetic
Resources (IBPGR) and European Cooperative
Program for Plant Genetic Resources (ECPGR).

rather than environmental conditions of the region,
year of production and maturity, etc. But in most of
the cases, the locally adapted germplasms having
high quality and production are produced through
different breeding programs [12-16].
In Pakistan, peaches stands 2nd in terms of
production after apricots among the stone fruits.
The occupied cultivated area by peaches is about
15,500 hectares that yield some 56,000 tons [1].
Evaluation and characterization of peach genotype
is one of the persisting activity in different climatic
zones as reported by many countries, like Turkey,
Romania, India, Iran, Australia, Taiwan, Pakistan
and America [17]. In Pakistan, peaches are mainly
grown in Khyber Pukhtunkha and Baluchistan,
while some early maturing varieties are also cultivated in pothohar (Salt range) region of Punjab,
Pakistan. Though, the production of the peaches in
the pothohar region is low, yet the determination of
the diversity among the existing genotypes would
be an asset for future breeding programs.
A study was, therefore, designed with the objective to investigate the morphological and biochemical diversity amid the peach varieties grown
under the environmental conditions of Pothohar
(Salt range) region of Pakistan. The results of the
study will provide with the broader picture of the
potential genotypes of the area that can be helpful
to breeders to produce future commercial cultivars
through well designed breeding program.

Physical and biochemical characterization
of peach fruit. To study the biophysical traits, ten
freshly harvest fruits from each plant of cultivars
were assessed at the Pomology Laboratory, Institute
of Horticultural Sciences, University of Agriculture
Faisalabad, Pakistan. The studied traits, included
fruit weight, fruit shape, fruit size, fruit over color,
fruit ground color, flesh color, fiber of fruit, fruit
skin pubescence, stone adherence, stone shape,
stone surface, stone to fruit ratio and fruit symmetry. Fruit samples were harvested by a single
person to maintain a steady maturity standard at the
stage when green ground color switches into yellow
or white. Basic quality traits such as titratable acidity, soluble solid contents and ripening index were
then evaluated.
For biochemical assays, fruit samples were
peeled and cut longitudinally into four pieces, the
mesocarp was removed and cut down into small
pieces. The samples were then frozen into liquid
nitrogen and kept at -20°C until use. For each examination, 5 g of the sample was used from the
selected fruit and assayed.
Titratable acidity, total soluble solids and
ripening index. Titratable acidity of fruit juice was
determined by the method of Hortwitz [18] and the
data was expressed as percentage (%). The total
soluble solid was measured at room temperature
with a digital refractometer (Atago PR-101, Tokyo,
Japan) and the data was expressed as °Brix, while
ripening index was calculated based on SSC/TA
ratio.

MATERIALS AND METHODS
Collection of the experimental materials.
Experimental Peach Block at Barani Agriculture
Research Institute (BARI), Chakwal was selected
for the study due to the availability of the commercial cultivars grown under the Pothohar (Salt range)
region of the Punjab-Pakistan. The recorded minimum winter temperatures ranged from -3.5ºC to 6.6ºC and mean annual rainfall was 260-320 mm. A
total of seven commercial peach cultivars (A669,
Texas y-455, Florida King, Arctic Fantacy, Spring
Creast, Micholea and Swanee) with desirable traits
were evaluated during the year 2015-16.

Ascorbic acid. For the determination of vitamin C contents samples were kept in metaphosphoric solution (5% HPO3) at -20°C until use to
preserve it against the oxidation. Vitamin C contents of juice were determined by the method as
described by Ruck [19] and the results were expressed as mg 100 g-1 of juice.

Tree vegetative and morphological characterization. To evaluate the vegetative and morphological traits of these cultivars, 5 trees between
eight to nine years old were randomly selected per
cultivar. All the plants in the experimental orchard
were treated under same environmental, agronomic
and management conditions. The cultural practices
(soil management, pruning, irrigation, fertilizer,
pest and disease control) were carried out according
to the local system. Various traits (including tree
growth habit, leaf length, leaf width, leaf blade
ratio, leaf color, leaf margin, flower size, flower
color, flower type, density of flower buds and in-

Total Phenolics. The total phenolic compounds in the extracts were examined by the FolinCiocalteu method [20] and the results were expressed as gallic acid equivalents (GAE) mg per
100 g of dry matter.
Antioxidant activity. Antioxidant assays was
carried out using 1, 1-diphenyl- 2-picryl hydrazyl
(DPPH) spectrophotometric method as described by
Noor et al. [21]. The radical scavenging activity
was measured as percent (%) inhibition of free
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RESULTS AND DISCUSSION

radicals by DPPH.
The reducing potential of the extract was
measured by direct electron donation in the reduction of Fe3+ (CN)6 to Fe2+ (CN)6 as described by
Yadav et al. [22].

Morphological characteristics of peach tree
and fruit. In general, a huge variation was observed among the different cultivars concerning the
morphological and phenological traits. It has been
noticed that the growth habit of Texas Y 455 and
Florida King was weeping, whereas Arctic Fantacy
and Spring Creast had open growth habit and the
remaining varieties showed compact growth habit
(Fig. 1). Similarly, a significant variation was recorded in leaf length and width, but the leaf margins,
leaf blade color and leaf blade ration have not
shown any difference. Leaf color of all the varieties
was dark green with serrate margin (Fig. 2). Moreover, the average length and the width of the leaves
were ranged from 9.0 cm to 12.0 and 2.6 to 3.3 cm,
respectively (Fig. 4).

Total sugars, reducing and non-reducing
sugars. Sugars were determined by method of Lane
and Eynon [23] as described by Hortzwitz [18].
Statistical Analysis. The data was analyzed
by Statistix Version 8.1 software using analysis of
variance (ANOVA). The means that were found
significant were further separated by LSD test at
p<0.05 [24].

FIGURE 1
Variations in the tree morphology of the examined peach cultivars.
In the figure, a = A669, b = Texas Y455, c = Florida King, d = Arctic Fantacy, e = Swanee, f = Spring Creast, g = Micholea.
The tree growth habit of A699, Micholea and Swanee cultivars were found compact, while the the cultivars Texas Y455 and
Florida King was weeping and the cultivars Arctic Fantacy and Spring Creast were found open.

FIGURE 2
Variations in the leaf morphology of the examined peach cultivars.
In the figure, a = A669, b = Texas Y455, c = Florida King, d = Arctic Fantacy, e = Swanee, f = Spring Creast, g = Micholea.
The leaves of all the tested cultivars were serrate with dark green leaf blade.
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FIGURE 3
Variations in the fruit and seed characteristics of the examined peach cultivars.
In the figure, a = A669, b = Texas Y455, c = Florida King, d = Arctic Fantacy, e = Swanee, f = Spring Creast, g = Micholea.
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TABLE 1
Differences in the morphological characteristics of tested peach flowers from the Pothohar
(Salt range) region of Pakistan
Varieties
Flower Characteristics
AC
IAC
DFB
FT
CC
SP
A: P
A669
P
M
Md
Rosaceous
Pink
BA
P
Texas Y455
P
S
Ed
Rosaceous
Pink
AA
P
Florida King
P
W
Vd
Rosaceous
Pink
AA
P
Arctic Fantacy
P
W
Vd
Campanulate
Pink
AA
P
Spring Creast
P
M
Md
Rosaceous
Light Pink
AA
P
Micholea
P
M
Vd
Rosaceous
Pink
BA
P
Light Pink
BA
P
Swanee
P
W
Vs
Campanulate

FS
Intr
Intr
Lr
Intr
Lr
Sm
Lr

The bold abbreviation AC = presence of anthocyanin coloration on flowering shoot; IAC = intensity of anthocyanin coloration; DFB = density of flower bud; FT = flower type; CC = corolla color; SP = stigma position compared to anther; A:P =
anther:pollen; FS = flower size and the regular abbreviation P = presents, M = medium, S = strong, W = weak, Md = medially
dense, Ed = extremely dense, Vd = very, Vs = very spurse, BA = below anther, AA = above anther, Intr = intermediate, Lr =
large, Sm = small.
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TABLE 2
Fruit phenotypic characteristics of the cultivated peach cultivars at Pothohar (Salt range)
region of Pakistan
Cultivars
FS FSh FOC RAOC FGC FF FSK FC ACF
Y
US
A669
Lr E
PR
M
GY
P
P
Texas Y455
Florida King
Arctic Fantacy
Spring Creast
Micholea
Swanee

Lr
Lr
M
M
M
M

M
O
R
M
M
M

PR
OR
DR
LR
DR
DR

S
Lr
Lr
M
Lr
Lr

GY
OY
GW
GY
GY
GY

P
P
P
P
P
P

P
P
A
P
P
P

Y
OY
GW
GY
GW
GW

US
US
WF
US
US
A

The bold abbreviation FS = fruit size; FSh = fruit shape; FOC = fruit over color; RAOC= relative area of over color; FGC =
fruit ground color; FF = fruit fiber; FSP = fruit shin pubescence; FC = flesh color, ACF = anthocyanin coloration of the flesh
and the regular abbreviation Lr = large, M = medium, S = small, E = elliptic, O = Ovate, R = Round, PR = pink red, OR =
orange red, DR = dark red, LR = light red, GY = greenish yellow, Y = yellow, OY = orange yellow, GW = greenish white,
US = under the skin, WF = whole flesh, P = present, A = absent.

the varieties were having elliptic shape except for
Florida King and Arctic Fantacy, which had ovate
and round shaped fruits, respectively (Fig. 3). Certainly, the phenotypic characteristics (fruit skin
color, fruit size and fruit shape etc.) can attract the
potential consumers, which boost the market value
of the fruits. Additionally, fruit size and shape can
also affect the postharvest handling [14]. The fruit
color, the peel over color and the fruit ground color
of the tested cultivars of the peaches were substantially different with Florida King had completely
distinct color form all other cultivars (Fig. 3). The
area of over color was large in Florida King, Arctic
Fantacy, Micholea and Swanee, medium in A669
and Spring Creast and small in Texas Y455. It has
been assumed that intensive colored fruits certainly
attracts greater number of consumers [29]. No variation was found in fruit skin pubescence except for
Arctic Fantacy, which had no skin pubescence
(Table 2).
The color of the fruit flesh exhibited that A669
and Texas Y455 had yellow, whereas Arctic Fantacy, Micholea and Swanee had greenish white
color. It was also observed that the flesh color of
Arctic Fantacy, Micholea and Swanee was quite
homogeneous. On the contrary, Florida King and
Spring Creast had markedly different color compared to the other tested cultivars of the peaches.
The observed color for Florida King and Spring
Creast were ranged from orange yellow to greenish
yellow (Table 2, Fig. 3). The anthocyanin coloration of the cultivars, Arctic Fantacy and Swanee
were remarkably different from the rest of the tested cultivars. It was previously reported by Cantín et
al. [30] that white-fleshed fruits found to have higher blush percentage as compared to yellow-fleshed
fruits. Likewise, high variation has been observed
among the tested species regarding the mucron tip,
shape of pistil end, stone shape, stone surface and
stone size (Table 3). The cultivar Arctic Fantacy
was found to be without mucron tip at pistil end,
while the other cultivars have well developed mucron tip (Fig. 3).

However, the morphological description regarding the characteristics of the flower suggested
variations in the intensity of anthocyanin coloration
of the flowering shoot (strong, medium and weak),
density of the flower bud (extreme dense, very
dense and medium dense), type of flower (rosaceous and companulate), corolla color, stigma position and flower size (Table 1). Early blooming was
observed in Florida King and A669, while in other
varieties date of full bloom was recorded during the
1st week of March. Early blooming is a desirable
characteristic in the Mediterranean areas, which
results in higher yields, but in the temperate region
spring frost can affect the production [14, 25].
Blooming period is certainly considered as an important trait in peach and other fruits of Prunus
species [14]. The harvesting period ranged from
early-May to late-June for the various cultivars with
Florida King and Swanee were harvested earlier
and arctic Fantacy were harvested late. Also, the
fruit development period varied among the tested
cultivars of the peaches and was ranged from 85 to
115 days. The cultivar, Florida King developed
through shortest period of time and was harvested
earlier compared to the other cultivars (data not
shown). It is quite obvious that most of the times,
fruit developmental stage and harvest time is highly
dependent on the cultivar [3, 26], yet spring temperature might influence such periods [27]. In the
Mediterranean areas, both early and late-maturing
peach cultivars are considered valuable regarding
the market. Such variations in the harvesting time
allow the peach industry to be fed with the continuous supply of fresh peaches that can satisfy the
higher expectations of the consumer for a quality
product [28].
The data in Table 2 revealed significant variations, considering fruit size, skin colour and fruit
shape. On the basis of fruit size, the examined cultivars were divided into two fruit groups, i.e. the
large (A669, Texas Y455 and Florida King) and
medium (Arctic Fantacy, Spring Creast, Micholea
and Swanee). Considering the fruit shape, most of
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Swanee and Micholea. Previously, it has been obFruit weight is one of the main quantitative
served that flat peaches cultivars had minimum fruit
inherited traits that might have a role in determining
weight, but our results oppose it as there was no flat
the fruit quality, yield and consumer acceptance
peach observed in our study (Table 2). Among the
[31]. In the presents study, the fruit weight of the
studied cultivars of peach significant variability was
tested cultivars was differed by 2.5 folds and was
also noticed in the stone weight (Fig. 5B). Maxifound between 45.6 to 107 g (Fig. 5A). These remum stone weight was observed in Texas Y 455
sults confirmed the previous findings, where high
and minimum stone weight was observed in Mivariability was found in fruit weight among differcholea. Our results are in agreement with those of
ent peach [29] and apricot accessions [32]. Also,
Jana [33], who discovered a significant variation in
the fruit weight of the Texas Y 455 and A669 were
fruit stone weight of different Indian peach cultivars
heavier than all other cultivars under investigation.
(i.e. ranged from 1.5 to 7.8 g. We suggested that
The highest fruit weight might be attributed to the
stone weight can be varied from cultivar to cultivar.
maturity of the fruit and harvest date [27]. On the
contrary, minimum fruit weight was observed in
TABLE 3
Phenotypic characteristics of fruit stone of the cultivated peach cultivars at Pothohar (Salt range)
region of Pakistan
Cultivars
A669
Texas Y455
Florida King
Arctic Fantacy
Spring Creast
Micholea
Swanee

FSA
CSt
CSt
CSt
FSt
CSt
FSt
FSt

MTPE
P
P
P
A
P
P
P

SPE
Pd
Pd
Pd
Dd
Pd
Fl
Pd

StSh
O
E
E
O
E
E
E

StS
Gr
Gr
Pt and Gr
Pt
Pt and Gr
Pt and Gr
Gr

StSe/F
M
L
L
M
L
M
L

The bold abbreviation FSA = flesh to stone adherence; MTPE = murcon tip at pistil end; SPE = shape of pistil end; StSh = stone shape; StS =
stone surface; StSe/F = stone size compared to fruit and the regular abbreviation CSt = cling stone, FSt = free stone, P = present, A = absent,
Lr = large, M = medium, E = elliptic, O = Ovate, Pd = pointed, Dd = depressed, Fl = flat, Gr = groves, Pt = pits.

TABLE 4
Correlation coefficient (r) between quality traits of the selected peach cultivars from the Pothohar
(Salt range) region of Pakistan
Fruit traits
FW
SSC
TA
RI
AA
TS
RS
NRS
RSA
TPC
RP

FW
1
-0.774*
0.754*
-0.735*
-0.415
0.314
-0.035
-0.592
-0.054
0.257
0.282

SSC

TA

RI

AA

TS

RS

NRS

RSA

TPC

RS

1
-0.883**
0.967**
0.434
-0.554
-0.096
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8.63% and 4.12 to 10.77%, respectively. Colaric et
al. [39] reported that total sugar contents of peaches
and nectarines are highly related to aroma and taste
and consider very important quality trait in fruit
breeding programs. It was reported that variations
in the sugar contents might be dependent on genotypic and/or year of production, variation among
trees and fruits on the same tree [40]. interlinked
but widely controlled by the acidity and flavor of
the fruit that acts as an antagonist [34]. Similarly,
significant variations in the ripening index of the
fruit and acidity of the fruit juice of various peach
cultivars were recorded, which ranged from 6.02 to
17.2 (Fig. 6C). The highest ripening index was
recorded in Micholea with low titratable acidity and
high soluble solid contents, whereas Texas Y455
had the lowest ripening, titratable acidity and TSS.
In past significant variations were discovered in
fruit quality indices, such as SSC and titratable
acidity in different fruit cultivars [35]. In this study,
except Texas Y455, the values for titratable acidity
were lower than 0.9%, which is considered as a
threshold

Biochemical characteristics of peach fruit.
Soluble solid content and titratable acidity are also
important quality traits, which are closely linked to
consumer acceptance and satisfaction. Soluble solid
contents and titratable acidity varied significantly
among the tested cultivars, which ranged from 7.17
to 11.27 °Brix and 0.64 to 1.19%, respectively (Fig.
6A & 6B). It was noted that Micholea had the highest soluble solid contents (11.27 °Brix) with lowest
titratable acidity (0.64), inversely Texas Y455 had
the lowest soluble solid contents (7.17 °Brix) with
highest titratable acidity (1.19%). Generally sugar
contents are linked to the °Brix of the fruits juice.
Moreover, fruit sweetness and sugar contents are
strictly for the normal acidity in peaches [36]. Fathi
et al. [37] has also reported interlinks between low
ripening index, high titratable acidity and low soluble solid contents. It was formerly reported that
titratable acidity can play a significant role in consumer acceptance of new cherries [38]. Likewise, a
huge deviation has been noted among the explored
peach cultivars in sugar contents (Fig. 6D). Total
sugars, reducing sugars and non-reducing sugars in
peach fruit ranged from 13.52 to 18.54%, 5.68 to
15
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Variations in ascorbic acid, total phenolic contents, radical scavenging activity and reducing power of the
analysed cultivars of peach.
Figure 7A represents the Amino acid contents (AA), figure 7B represents the total phenolic contents (TP), figure 7C represents radical scavenging activity (RSA) and figure 7D represents reducing power (RP) of the various tested cultivars of peach
that is cultivated in the Pothohar (Salt range) region of Pakistan. Means that were denoted by different letters were signifiFDQWO\GLIIHUHQWIURPHDFKRWKHUDWS

Vitamin C content, expressed in mg 100g-1
(Fig. 7A) was statistically significantly different for
the available cultivars of peaches. The ascorbic acid
contents of the fruits were laid between 75.3 to
116.1 mg 100g-1. The results thus indicated that the
peach is a good source of vitamin C and highlight
the fact that ascorbic acid can reflects on the overall
quality of the peach fruit. The ascorbic acid contents were previously evaluated in 218 peach genotypes from different progenies that differed significantly [30].

ranged from 0.12 ± 0.1 to 0.22 ± 0.03. The highest
reducing power was exhibited by Arctic Fantacy
and the lowest by Swanee. Radical scavenging
activity can be measured with the help of DPPH,
which have a deep violet color due to a steady free
radical. After accepting the hydrogen atom from the
antioxidant the violet color of DPPH is reduced to a
pale yellow, which indicates the presence of the
antioxidants. Lee et al. [41] reported that in the
evaluation of an antioxidant potential of samples,
the use of a scavenging stable DPPH radical is
highly reliable. Generally, highly reduced DPPH
reflects on higher radical scavenging activity that
can be associated to the superior antioxidant activity of the sample [42]. Valero and Serrano [43] has
stated that the fruit nutritional composition including bioactive compounds can be affected by agricultural factors and climatic conditions. However,
in our study all the cultivars were grown under
same cultural practices and environmental conditions, therefore, variations in fruit quality characters
and bioactive compound may be linked to the varietal differences. A higher difference in total phenolic
contents and antioxidant activity was reported by

Antioxidant activity. A significant variation
in total phenolic contents, radical scavenging activity and reducing power was observed in our study
(Fig. 7). Highest phenolic contents (317.72 mg
GAE 100g-1), radical scavenging activity (78.17%)
and reducing power (0.22%) was recorded in Arctic
Fantacy. The lowest phenolic contents (176.20 mg
GAE 100g-1) and radical scavenging activity
(44.25%) was found in Spring Creast, whereas the
lowest reducing power was spotted in Swanee
(0.12%). Furthermore, Fig. 7 also represents the
reductive capability of peach varieties that was
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[6] Mahajan, R.T. and Chopda, M. (2009) PhytoPharmacology of Ziziphus jujuba Mill-A plant
review. Pharmacognosy Reviews. 3, 320.
[7] Gao, Q.-H., Wu, C.-S. and Wang, M. (2013)
The jujube (Ziziphus jujuba Mill.) fruit: a
review of current knowledge of fruit
composition and health benefits. Journal of
agricultural and food chemistry. 61, 33513363.
[8] Orazem, P., Stampar, F. and Hudina, M. (2011)
4XDOLW\DQDO\VLVRIµ5HGKDYHQ¶SHDFKIUXLWJUDIted on 11 rootstocks of different genetic origin
in a replant soil. Food Chem. 124, 1691-1698.
[9] Forcada, C., Gradziel, T.M., Gogorcena, Y.
and Moreno, M.Á. (2014) Phenotypic diversity
among local Spanish and foreign peach and
nectarine [Prunus persica (L.) Batsch]
accessions. Euphytica. 197, 261-277.
[10] Chalak, L., Chehade, A., Elbitar, A., Cosson,
P., Zanetto, A., Dirlewanger, E. and Laigret, F.
(2006)
Morphological
and
molecular
characteri-zation of peach accessions (Prunus
persica L.) cultivated in Lebanon. Liban. Sci. J.
7, 23-31.
[11] Cantín, C.M., Gogorcena, Y. and Moreno,
M.Á. (2009) Analysis of phenotypic variation
of sugar profile in different peach and nectarine
[Prunus persica (L.) Batsch] breeding
progenies. J. Sci. Food Agric. 89, 1909-1917.
[12] Monet, R. and Bassi, D. (2008) Classical
Genetics and Breeding. In: Desmond, R.L. and
Daniele, B. (eds.) The peach: botany,
production and uses. CAB International, UK,
61-84.
[13] Badenes, M.L. and Byrne, D.H. (2012) Fruit
breeding. Springer Science and Business
Media, USA.
[14] Cantín, C.M., Gogorcena, Y. and Moreno,
M.Á. (2010) Phenotypic diversity and relationships of fruit quality traits in peach and nectarine [Prunus persica (L.) Batsch] breeding
progenies. Euphytica 171, 211-226.
[15] Forcada, C.F., Gogorcena, Y. and Moreno,
M.Á. (2012) Agronomical and fruit quality
traits of two peach cultivars on peach-almond
hybrid rootstocks growing on Mediterranean
conditions. Sci. Hortic. 140, 157-163.
[16] Qadri, R., Yang, Y., Abid, A., Iqbal, A., Khan,
M.M., Shah, F. and Iqbal, M. (2018) Genetic
diversity of the productive jujube cultivars
from Punjab-Pakistan on the basis of morphological and biochemical characteristics. Fresen.
Environ. Bull. 27, 1742-1748.
[17] Hancock, J., Lyrene, P., Finn, C., Vorsa, N.
and Lobos, G. (2008) Blueberries and
cranberries, Temperate fruit crop breeding.
Springer, 115-150.
[18] Horwitz, W. (1960) Methods of analysis.
Assoc. Off. Agric. Chemists, Washington, D.C.

Hegedús et al. [44] among a wide range of apricot
genotypes grown under same environmental conditions. Similarly, Cantín et al. [30] has recorded a
huge genotypic influence on antioxidant activity of
the fruits. In this study, Arctic Fantacy variety
showed highest total phenolic contents with high
radial scavenging activity. The reducing power of
the fruit can also be dependent on the presence of
the antioxidants, higher the amounts of antioxidants
the better is the reducing power of the fruit. Phenolics are one of the best antioxidants that can break
the free radical chains by donating their protons.
Regarding human health phenolic compounds are
considered to be beneficial as an antioxidant, anticancer, anti-inflammatory and immune-stimulating
agents [7]. Especially, polyphenols form fruit extracts can be vital in controlling the incidence of
colon cancer [45].
Correlation between quality traits. The correlation between pomological traits is summarized
in table 4. Fruit weight was negatively correlated
with the soluble solid contents, ripening index,
while positively correlated with the titratable acidity. In addition, soluble solid contents was significantly correlated with titratable acidity, ripening
index and non-reducing sugars. The titratable acidity showed a higher negative correlation with ripening index and non-reducing sugars. This indicated
that the fruits ripening index increases with a decrease in the acidity. Moreover, a positively significant correlation was also found between total sugars
and reducing sugars. Similar results concerning the
correlation among the various quality traits was
found by Abidi et al. [46], when they studied the
parental lines and progenies of the nectarine.
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This paper aimed to determine the effect of different irrigation levels on four varieties of gladiolus
(       L.). The study was carried
out in 2016 at the Agricultural Research Station of
Canakkale Onsekiz Mart University in Canakkale,
Turkey. Four different types of gladiolus (White
Prosperity, Peter Pears, Red Balance, Priscilla) were
irrigated by the drip irrigation method. We applied
four irrigation levels: 100% (control treatment), in
which water was refilled in the root zone up to field
capacity and 75%, 50% and 25% of the control treatment. In order to understand the water stress and
drought resistance mechanisms of the four varieties,
thermal images were used in this study. The amount
of irrigation water applied changed depending on the
variety. Priscilla consumed more water than the others. Leaf temperature of all gladiolus varieties increased with an increase in water stress. In addition,
indices calculated from the thermal imaging changed
significantly depending on the irrigation water applied to all gladiolus varieties. Priscilla was found to
be more sensitive to water stress than other varieties.
It is suggested that the use of thermal imaging with
regard to both determination of water stress and selection of drought resistant varieties is a useful
method.

includes the Mediterranean environment, Anatolia,
Iran and South Africa [2].
In Turkey, species such as carnation, rose and
gerbera, which are high in market value in terms of
aquaculture in the Marmara and Aegean regions, are
preferred. Therefore, as an alternative to these plants,
studies of cut flower species such as gladiolus, which
can be grown both under cover and in open areas, are
needed. Furthermore, gladiolus can be grown easily
in the summer months.
Much of the research to date has focused on adaptation of plant responses to the characteristics of
the environment, but plants in cultivation conditions
often face more stress. The effects of interacting environmental factors may be harmful. For instance, if
exposure to stress is accompanied by water stress or
unusually low or high temperatures, the damage
caused by strong light or photo inhibition is significantly increased [3]. Physiological ecology is very
suitable for investigating plant responses to multiple
factors, combining environmental assessment, quantification of multiple components of plant responses,
and techniques used to integrate plant responses into
ecological success or agricultural yield [4]. One of
the most important factors affecting yield and quality
in gladiolus breeding is cultural practices which
must be carried out regularly, such as irrigation.
Therefore, it is necessary to understand the response
of gladiolus species under water stress conditions. In
order to understand the water stress and drought resistance mechanisms in plants, thermal images are
frequently used today via remote sensing devices.
From thermal imaging we can obtain the temperature
of the plant canopy; this indicates the overall physiological status of the crop inclusive of respiration,
photosynthesis, and stomatal conductance [5]. Since
plant water status is an important component affecting canopy temperature, measurement of this variable relative to the respective phenological stages aids
in optimizing the quantity of water application [6].
To ascertain the leaf temperature of a plant [7],
a thermal camera is normally used. By means of
measuring the difference between leaf and ambient
temperature and the lower-upper baselines, we can
calculate the Crop Water Stress Index (CWSI),
which gives a dimensionless ratio [8]. CWSI was

'&!"
Gladiolus, Water Deficit, Irrigation, CWSI, Drought
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Ornamental plants occupy first place in terms
of production value world-wide, while cut flowers
are in second place after outdoor plants with respect
to production area. Cut flower cultivation became
more important globally at the beginning of the 20th
century. Today, it is a significant commercial sector
in many countries. A total of 37 cut flower species
can be grown in Turkey. Among these species, gladiolus is in 6th place [1]. There are about 250 species
of the genus gladiolus known to be used in landscape
architecture. The natural spread of these wild species
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Research Station belonging to Canakkale Onsekiz
Mart University in 2016. Geographically, the location of the experimental research area in Canakkale
province, Turkey was 40.07° N and 26.36° E at 3meter elevation above sea level (Figure 1). The texture of the soil is clay-loam or sandy-clay-loam. In
the root zone (0.60 m), the field capacity and wilting
point were 210 and 118 mm, respectively.
Four species of the Iridaceae family belonging
to the genus gladiolus, namely, White Prosperity, Peter Pears, Red Balance and Priscilla, were used as the
plant material (Figure 2).
Each species had a circumference of 6-8 cm.
The gladiolus breeds emerging from dormancy were
sown at a distance of 15 cm x 15 cm on June 14, 2016
and the experiments were completed on September
2, 2016. The four irrigation treatments in the field

modified by Jones [9], who proposed that the dry and
wet reference surfaces may be used to establish the
upper and lower baseline under conditions of zero
and maximum transpiration under comparable environmental circumstances [7].
The objective of this study was to determine the
effects of deficit irrigation practices on four species
of gladiolus during the summer season of 2016 in
Canakkale and also to detect the thermal response of
deficit irrigation practices on different varieties of
gladiolus.
#!"#"

":;+?(8,((4+,>6,803,4:(2+,90.4The experiment was organized in the Dardanos Agricultural
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pressure (Pa), Δ is the slope (Pa/°C) of saturated vapor pressure vs. temperature curve evaluated at Ta,
and γ represents the psychometric constant (Pa/°C)
[7].
SPSS version 20.0 (SPSS, Inc., Chicago, IL,
USA) software was used for analysis of the data.
ANOVA was used to analyze the CWSI values.
Means were compared using Duncan’s Test at
p<0.05. Regression analyses were performed to estimate the irrigation requirement by CWSI value. In
addition, regression equations were established between the irrigation water applied to all varieties and
the number of flowers and flower stem length.

experiment consisted of a non-stress treatment (I100) where insufficiency of moisture in the soil was
completed to field capacity in the root zone, a mildstress (I-75) treatment comprising 75% of full irrigation, moderate-stress (I-50) at 50% of full irrigation,
and a severe-stress treatment (I-25) giving only 25%
of full irrigation.
The four varieties constituting the main plots
were arranged in random order blocks and irrigation
water was supplied to the sub-parcels. Thus, the research was carried out in 3 replicates according to
the 4 x 4 split plot trial design. Sixty pieces of corm
were used in each plot. The irrigation treatments
were begun when the height of the plants reached
about 15 cm. All plots were irrigated equally before
starting the water deficit. The irrigation interval was
4 days during the experiment. A gap of 1.5 m was
left between each plot in order to prevent water
movement between treatments. The treatments
themselves were based on volumetric water content
data obtained from FDR sensors (10 HS/Decagon),
located at a depth of 15 cm and 45 cm in the plots.
Before planting, calibration of the soil moisture sensors was carried out, and drip irrigation was the
method chosen for the plots. Laterals having a diameter of 16 mm were laid in each row of plants. Inline
emitters with a discharge rate of 4 L/h and dripper
spacing at 0.33 m intervals were used. The system's
control unit comprised a pump, control valves, disc
filters and a water counter. As the water source, we
used a Caisson well. The well's electrical conductivity and pH values were 1.1 mS/cm and 7.1, respectively.


!"$#""$""
880.(:054 =(:,8 (4+ 7;(20:? 6(8(3,:,89
The amount of irrigation water applied to the different types of gladiolus is given in Figure 3. It was determined that the highest and lowest water consumption among the varieties was in Priscilla and White
Prosperity, respectively. Even in the same limited irrigation treatment of 4 different varieties, there is little difference. According to I-100 irrigation treatments, Priscilla was applied with 57, 69 and 44 mm
more irrigation water than Peter Pears, White Prosperity and Red Balance, respectively. It can be said
that White Prosperity is more resistant to drought in
terms of using less irrigation water than other varieties. Bastug et al. [12] used a design of three different
irrigation levels (0.50, 0.75 and 1.00 of pan evaporation) in Peter Pears and Eurovision varieties and applied 151.9, 212.9 and 273.2 mm irrigation water.
Begum et al. [13] applied five different irrigation
water levels to GM 001 where the water varied between 0 and 200 mm. Our results are similar to
Bastug et al. [12]. However, the results regarding
amount of irrigation water in this study are higher
than those of Begum et al. [13]. It can be said that
the difference varied depending on the variety, irrigation water, soil, and climatic and growing conditions of the plant. 
In this study, the flower stem length and number of flowers were measured after harvest (data not
shown). Coefficient of determination (r2) values between the irrigation water and flower stem
length/number of flowers of the four gladiolus varieties are shown in Figure 4. The r2 values between
irrigation water and flower stem length ranged from
0.96 to 0.98. At the same time, r2 values between irrigation water and number of flowers ranged from
0.90 to 0.99. Significant responses to water deficit in
the number of flowers and flower stem length were
also found by Bastug et al. [12] and Porto et al. [14].
As a result, it can be said that the relationship between irrigation level and important parameters in
cut flowers, such as number of flowers or flower
stem length, is statistically significant (Figure 4). In
other words, drought stress significantly affected the

#/,83(23,(9;8,3,4:9An infrared thermal
camera (Fluke Ti27, Fluke, USA), with a resolution
of 240 × 180 pixels in a waveband of 8–14 μm, recorded thermographic images from three plants in
each plot. This camera consists of a standard infrared
lens with a 23° × 17° angular field of view. Thermal
measurements were acquired at midday. We adjusted the emissivity for the canopy of the gladiolus
to 0.98. Images were taken horizontally on the sunny
side of the plant. All of the thermal images were obtained on cloud-free days with minimal wind (<2
m/s). Ambient air temperatures (wet and dry) were
attained by means of an aspirated psychrometer and
measurements were recorded in a shaded location
approximately 1.5 m above ground [10, 7]. The modified CWSI was thus determined using mean canopy
and reference temperatures, as per Equation (1) [9].
 

 





(1)

where Tcanopy is canopy temperature obtained
from thermal image Twet calculated employing Equation (2) [11]. We estimated Tdry by adding 10°C to
the measured dry bulb temperature [10].
! "
       
(2)


where Ta is the air temperature (°C), es is the saturated vapor pressure (Pa) at Ta, ea is the actual vapor
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flower stem length and number of flowers among the
important quality parameters in the chosen varieties
of gladiolus. Similar results were obtained by Bastug
et al. [12] and Porto et al. [14]. Leaf temperatures of
all Gladiolus varieties increased with an increase in

water stress. For example, the leaf temperatures of
Peter Pears variety are given below in the generative
growth period (Figure 5). Marked area have approximately 30 000 pixels. In other words, this value is
the mean of the 30 000 temperatures (Figure 5).
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856 &(:,8 ":8,99 4+,> CWSI values are
(Figure 6). According to this result, it can be said that
calculated from 0 to 1, where 0 indicates no water
a water deficit of 25% in the varieties examined does
stress and 1 represents maximum water stress. The
not cause plant stress. Although the most irrigation
average CWSI values of the gladiolus varieties apwater was applied to Priscilla, it generally had the
plied with different irrigation levels during the exhighest average CWSI value of all irrigation treatperiment are shown in Figure 6. CWSI values acments during the growth period (Figure 6).
In the vegetative period of Peter Pears and Red
cording to growth period (vegetative, early generaBalance, firstly I-25 (severe stress) treatments were
tive, late generative) are shown in Figure 7. The letrevealed (Figure 7). In White Prosperity, in addition
ters in these figures show whether there are statistical
to the I-25 treatment, the I-50 (moderate stress) treatdifferences between treatments. The difference bement also induced rapid stress. In Priscilla, no stress
tween the CWSI values of the I-100 and I-75 irrigawas observed during this period. Therefore, we can
tion treatments in all varieties is not significant
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say that even during the first measurements, the
stress resistant and sensitive varieties differentiated
themselves. In the early generative phase, the I-100
and I-75 treatments of White Prosperity are marked
with different letters during the following growth periods, showing that this variety is not tolerant of mild

stress. In Priscilla, non-stress and mild-stress were in
the same statistical group during the following two
periods. Taking all periods into account, it can be
stated that this variety is more resistant to water
stress than the others.
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Regression analyses were performed to estimate the irrigation requirement by CWSI values
(Figure 8). According to the analyses, r2 values were
found to be very high (0.91-0.96). The high r2 obtained indicates that irrigation requirements can be
accurately determined using CWSI values. Therefore, CWSI values can be used to determine water
stress levels and irrigation duration for gladiolus varieties. CWSI values of the non-stress treatment
should be taken as the threshold to start irrigation.
Some studies have been conducted comparing yield
and quality characteristics with the irrigation and fertilizer applications of different varieties (Bastug et
al. [12]; Begum et al. [13]; Porto et al. [14]; Khanam
et al. [15]). No research was found that calculated the
CWSI values using thermal images in gladiolus.
However, there are many studies on CWSI in various
other agricultural plants (e.g. Yuan et al. [16]; Yazar
et al. [17]; Camoglu et al. [7]).
In conclusion, we can say that thermal imaging
can reliably be used in the selection of varieties resistant to drought in cut flowers. It was determined
in this study that a water restriction of 25% can be
made in the cultivation of gladiolus in Canakkale
province, Turkey.
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An important DNA oxidation product is 8hydroxy-2'-deoxyguanosine (8-OHdG). DNA bases
guanine and deoxyguanosine are DNA bases that
are more susceptible to oxidation due to their low
ionization potential and 8-OHdG is a useful biomarker used as an indicator for oxidative stress
and oxidative DNA damage.
The aim of this study is to determine the increased oxidative DNA damage levels in patients
with CRF using the serum level of the 8-OHdG
biomarker. The study was planned considering the
patients who applied to Nephrology Poly-clinic in
Elazıg Training and Research Hospital. The 60
patients with CKD were included in the study. The
control group was composed of 48 age-matched
healthy volunteers. All the plasma samples were
analyzed. A high sensitivity ELISA kit (8-OHdG).
ELISA microplates were washed with ELx50 Microplate Strip Washer. It was measured at 405 and
420 nm with EPOCH Microplate Spectrophotometer was formulated into the Gen5 software program.
SPSS 20.0 Statistical package program was
used for statistical analysis. A value of P <0.05 was
considered significant.
Similar age groups were tried to be selected
between these two groups, but there was a significant difference between the patient and control
groups in terms of age (P <0.05). There was no
significant difference between the two groups in
terms of BMI values (P >0.05). Diastolic and systolic blood pressures of participants were found at
normal levels and there was no statistically significant difference between the two groups (P >0.05).
There was a significant difference between the
groups in terms of 8-hydroxy-2'-deoxyguanosine
(8-OHdG) levels (p=0.016), also the DNA damage
levels between control and patient groups were
significantly different (P <0.05).
In our study, it was clearly seen that reactive
oxygen species were found to be damaging to macromolecules and DNA, and the level of DNA damage was found to be significantly higher in the patient group.
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Chronic renal failure (CRF) is a disease that is
caused by injury to the renal parenchyma with
chronic pathological processes, leads to renal failure and decreased glomerular filtration rate. CRF
changes the function and structure of the kidney
irreversibly for months or years. It is associated
with many heterogeneous diseases [1].
The best indicator of general renal function in
current tests is the glomerular filtration rate (GFR).
GFR is among the best indicators of renal function.
The chronic kidney disease manifest itself with the
severity of reduced glomerular filtration rate [2].
The stages of chronic kidney disease have been
identified as mild to moderate stages (stages 1, 2
and 3), severe stage (stage 4), and end-stage (stage
5). When end-stage renal failure is reached, a condition characterized by severely reduced glomerular
filtration rate with clinical complications (hypertension, anemia, bone disease) with requiring renal
replacement therapy [3].
The definition and classification of CRF has
evolved over time. In current international guidelines, the Chronic Renal Failure (CRF) is defined as
GFR, which is the indicator of renal function, is less
than 60 ml / min / 1.73 m2 or kidney damage continuing for a period of at least 3 months, regardless
of the underlying cause, or reduced renal function
including both. The CRF can be diagnosed based on
indicators of renal damage (imaging or proteinuria
(commonly known as albumin-creatinine ratio;
ACR) and decreased renal function (GFR estimated
from serum creatinine concentration below the
threshold) [4]. In 1988, the first report of chromosomal abnormalities was published in study with
uremic patients [5]. The first evidence of increased
DNA damage in patients with chronic kidney disease (CKD) in the 1990s showed that DNA repair
in newly isolated leukocytes was impaired in CRF
patients with or without long-term dialysis [6-8].
The majority of studies investigating DNA lesions
in CRF have been conducted between 2000 and
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2010, and DNA damage has been demonstrated in
CRF by these studies [9].
Reactive oxygen species released by the mitochondrial respiratory chain; may damage biomolecules such as lipids, proteins, and nucleic acids. The
formation of free oxygen radicals, and deficiencies
in the antioxidant defense cause oxidative stress
[10]. Oxidative stress is the result of impairment of
the natural balance responsible for the protection of
cells and tissues due to possible damage caused by
reactive oxygen species (ROS) and pro-oxidants
[11].
DNA damage can result from ROS. ROSmediated DNA damage can cause DNA single- or
double-strand breaks, base modifications, deoxyribose modifications, and DNA cross-linking [12,13].
Normally, DNA is exposed to oxidative damage
from endogenous and exogenous sources. ROS
initiates DNA oxidation. An important DNA oxidation product is 8-hydroxy-2'-deoxyguanosine (8OHdG). In a study with two genetic analyses to
determine the mutagenic potential of guaninecontaining DNA during in vivo replication, guanine
produced a pro-mutagenic potential that leads to an
increase in the frequency of spontaneous mutations,
by mismatching with adenine residues [14]. If the
DNA mutation, replication defects and genomic
instability are not repaired before DNA replication,
DNA damage may occur, such as in the kidneys
[15]. Oxidized nuclear DNA is generally repaired.
After reparation, 8-OHdG is seen in the peripheral
blood and is excreted in the urine without further
metabolism. Measurement of 8-OHdG in plasma or
urine has been accepted as an important biomarker
of ROS-induced oxidative DNA damage [16].
DNA bases guanine and deoxyguanosine are
DNA bases that are more susceptible to oxidation
due to their low ionization potential and 8-OHdG is
a useful biomarker used as an indicator for oxidative stress and oxidative DNA damage [16, 17]. The
aim of this study is to determine the increased oxidative DNA damage levels in patients with CRF
using the serum level of the 8-OHdG biomarker and
discuss possible remediation options.

the supervision of the physician. In the last six
months, cases with having diabetes disease, thyroid
disorder, acute or chronic inflammatory disease,
taking vitamins or iron supplementation were excluded from the study. Patients' age, sex, body mass
index (BMI) (Table-1), systolic and diastolic blood
pressure values at the time of admission (Table-2)
and biochemical parameters that could be related to
the disease (Table-3) were recorded.
0,<>;0708= 91 <0;>7 "/ Complete
blood samples were centrifuged at 1000 x g for 15
minutes, plasma and cell fractions were separated
and then stored at -70 °C. until the plasma samples
were analyzed. A high sensitivity ELISA kit (8OHdG, 589320; Cayman Chemical Company,
USA) was used according to the kit protocol to
determine the plasma concentration of 8-OHdG.
ELISA microplates were washed with ELx50 Microplate Strip Washer. It was measured at 405 and
420 nm with EPOCH Microplate Spectrophotometer (The logit (B/B0)=In [(B/B0)/(1-B/B0)] was
formulated into the Gen5 software program)(BioTex Instruments, Inc Vermont USA). A
calibration curve was prepared using 8-OHdG
standards and used to compare the 8-OHdG optical
densities of the samples (Table-4).

%=,=4<=4.,6 8,6B<4< SPSS 20.0 Statistical
package program was used for statistical analysis.
Mean, standard deviation and frequency values
were statistically found for patient and control
group data. The normality test between groups was
performed. Pearson correlation test and Spearman
correlation tests were performed according to the
distribution basis of patient and control data (Table5). Differences between groups were assessed by
Independent T-test and Mann-Whitney U test. A
value of P <0.05 was considered significant.


$%'&%

0792;,:34. 8,6B<0< There were 41 male
and 19 female patients in the patient group and 24
male and 24 female in the control group. Similar
age groups were tried to be selected between these
two groups, but there was a significant difference
between the patient and control groups in terms of
age (P <0.05). There was no significant difference
between the two groups in terms of BMI values (P
>0.05).
Diastolic and systolic blood pressures of participants were found at normal levels and there was
no statistically significant difference between the
two groups (P >0.05).

&$%! &"%

#,=408=< The study was planned considering
the patients who applied to Nephrology Polyclinic
in Elazig Training and Research Hospital. Ethical
permits were taken from Non-Interventional Research Ethics Committee of Firat University with
the letter dated 09/04/2018 and numbered 257349.
The 60 patients with CKD were included in the
study. The control group was composed of 48 agematched healthy volunteers. Blood samples were
taken from the patients with chronic renal failure
and from the participants of the control group under


9309

%$

" &       





 " #!"!


& 
2008/0;,8/9/B ,<<8/0A(,6>0<91#,;=4.4:,8=<
#,;,70=0;
SEX
AGE
BMI

;9>:
Patient
Control
Patient
Control
Patient
Control

0792;,:34.0,=>;0<
8 
4847>7
,A47>7
60(41/19)
48(24/24)
60(41/19)
40,000
75,000
48(24/24)
39,000
70,000
60(41/19)
23,40
37,00
48(24/24)
21,00
42,00




0,8D%/

0,054
60,216 ± 9,417
49,68750 ± 9,184
30,231 ± 3,539
29,3500 ± 4,522





0,158

& 
%B<=964.,8/4,<=964.699/#;0<<>;00?06<91#,;=4.4:,8=<
#,;,70=0;
Diastolic blood pressure (mmHg)
Sistolic blood pressure (mmHg)

699/#;0<<>;00?06<
8 
108 (65/43)
108(65/43)



#,=408=
75 ± 3.8
115 ± 5.1

98=;96
70 ± 3.2
110 ± 7.3






& 
97:,;4<9891-49.3074.,6:,;,70=0;<-0=@008:,=408=,8/.98=;962;9>:<
#,;,70=0;
GLUCOSE
UREA
CREATİNİNE
AST
ALT
LDL CHOLESTEROL
TRIGLYCERIDE
TOTAL PROTEIN
ALBUMIN
WBC
RBC
HBG
HCT
PLT
MPV
MCV
MCH
HDL CHOLESTEROL

49.3074.,6#,;,70=0;<$06,=0/&93;984.$08,6,46>;0
;9>:
8 
4847>7
,A47>7
Patient
Control
Patient
Control
Patient
Control
Patient
Control
Patient
Control
Patient
Control
Patient
Control
Patient
Control
Patient
Control
Patient
Control
Patient
Control
Patient
Control
Patient
Control
Patient
Control
Patient
Control
Patient
Control
Patient
Control
Patient
Control

60
48
60
48
60
48
60
48
60
48
60
48
60
48
60
48
60
48
60
48
60
48
60
48
60
48
60
48
60
48
60
48
60
48
60
48

58,00
86,00
65,00
18,00
1,550
0,530
9,00
9,00
4,000
8,000
27,00
83,00
30,00
87,00
5,420
6,330
2,57
3,32
1,600
3,920
2,70
4,00
7,90
11,30
24,900
33,900
26,9
127,0
0,06
0,13
77,20
76,40
24,80
27,10
23,00
4,00

377,00
117,00
231,00
49,00
13,240
0,870
46,00
47,00
41,000
28,000
169,00
248,00
620,00
222,00
9,640
8,290
5,21
7,85
12,400
9,100
5,17
5,70
14,50
14,00
45,200
395,000
329,0
273,0
60,00
0,17
102,00
98,00
38,00
37,70
78,00
64,00




0,8D%

118,666 ± 54,035
99,5000 ± 9,732
147,116 ± 32,881
28,1250 ± 8,363
7,858 ± 2,206
0,68250 ± 0,103
26,133 ± 7,614
22,8750 ± 9,692
11,916 ± 7,202
17,81250 ± 6,180
96,126 ± 31,146
139,500 ±40,535
199,366 ± 130,136
135,8750 ± 39,355
7,489 ± 0,726
7,39563 ± 0,547
3,7107 ± 0,346
4,4394 ± 1,010
6,824 ± 2,426
6,44750 ± 1,303
3,941 ± 0,558
4,5919 ± 0,507
11,238 ± 1,417
12,6500 ± 0,735
35,356 ± 4,460
70,52500 ± 94,241
163,965 ± 62,571
200,875 ± 44,219
1,146 ± 7,726
0,1475 ± 0,11
90,043 ± 5,502
90,8812 ± 7,791
28,783 ± 2,160
32,1875 ± 2,920
47,433 ± 12,585
34,3750 ± 12,842

0,498
























0,559




0,788
















0,250
0,070








--;0?4,=498<  : Body Mass Index; ): White Blood Cells- Leukocytes #&: Platelets &: Alanine Transaminase
%&: Aspartate Transaminase : High-Density Lipoprotein; : Low-Density Lipoprotein $: Red Blood CellErythrocyte, : Hemoglobin, &: Hematocrit #(: Mean Platelet Volume, (:Mean Corpuscular Volume

When biochemical differences between patient
and control groups were examined, there was no
significant difference between glucose, total protein, WBC, MPV, MCV values (P> 0,05), significant differences were found between urea, creati-

nine, AST, ALT, cholesterol (HDL, LDL), triglycerides, albumin, RBC, HBG, HCT, PLT, MCH
values (P <0.05).
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0,046

0,270
1,000
0,444
0,329
0,757
0,955
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0,574
0,552
0,729
0,331
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There was a significant difference between the
groups in terms of 8-hydroxy-2'-deoxyguanosine
(8-OHdG) levels (p=0.016), also the DNA damage
levels between control and patient groups were
significantly different (P <0.05).
In Spearman's and Pearson's statistical calculations; correlation coefficients were negative in the
control group for gender, glucose, ALT, WBC,
creatinine, triglyceride, PLT, MCH. Correlation
coefficients were negative in the patient group for
age, VKI, Glucose, AST, WBC, creatinine, LDL
cholesterol, triglyceride, total protein, MPV, MCV,
MCH. When p values were examined, it was seen
that one in-creased while the other one decreased.
But no significant difference was seen between
them (P> 0.05). Correlation coefficients were positive in the control group for age, BMI, urea, AST,
albumin, cholesterol (LDL, HDL) total protein,
RBC, HBG, HCT, MPV, MCV. Correlation coefficients were also positive inpatient group for gender,
urea, ALT, albumin, RBC, HBG, HCT, PLT HDL.
When P values were examined, it was seen that one
also increased while the other increased. But no
statistically significant difference was found between them (P> 0.05).

Chronic Renal Failure (CRF) is an important
public health problem worldwide and has a high
prevalence of morbidity and mortality, ranging
from 11% to 13% [18]. Cell pathology in CRF; is
characterized by complex changes that lead to an
increase in the production of oxygen radicals, which
can play an important role in many clinical complications [19]. The interaction between the patient's
blood and the semipermeable membranes involved
in hemodialysis increases the oxidative stress levels
in these patients [20]. Oxidative stress occurs with
imbalance in favour of pro-oxidant products in
antioxidant / pro-oxidant products, caused by an
increase in the formation of free oxygen radicals, or
deficiencies in the antioxidant defence. The resulting high levels of reactive oxygen cause oxidative
DNA damage in patients [19]. The oxidized DNA
nucleoside is derived from the oxidation of guanine
and is excreted in body fluids. 8-OHdG can be
detected in human tissues or blood samples. 8OHdG is one of the most commonly used biomarkers of cellular oxidative stress [21]. Lattenist
et al. showed that the 8-OHdG levels in the patient
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group were three times higher than in the control
group in their study conducted with CRF patients
[22]. Al-Benna et al. showed the significant relationship between endothelial dysfunction and 8OHdG levels in patients with renal insufficiency,
and the significant differences between the measured oxidative stress and lipid peroxidation levels
[23]. The association of biochemical parameters
with diseases is also thought to be related to DNA
damage with 8-OHdG. There was also a significant
difference in our study between biochemical parameters except for glucose, total protein, WBC and
MPV (P <0.05).
DNA breaks and oxidative DNA lesions were
measured by Comet analysis in a study with 60
CRF patients with dialysis treatment, and 26
healthy people. DNA lesions and oxidative DNA
lesions in the patient group were significantly higher than the control group [24].
Similar results were found in a variety of studies using the Comet test, which investigated increased DNA breaks levels in patients with CRF
[24].
Ersson et al. [25] found that the DNA breaks
measured by the Comet method were significantly
higher in the hemodialysis (HD) patient group than
the control group. Also in HD patients, there was a
decrease in the level of DNA breaks after treatment.
The increased DNA breaks in patients with CRF
compared to the control group was observed in
various studies [26, 27].
In a study conducted, DNA damage levels observed before and immediately after hemodialysis
were examined and a statistically significant difference was shown (p = 0.04). In the same study, there
was a decrease when comparing results obtained
immediately after and 48 hours after hemodialysis
session (p = 0.001). A significant decrease in DNA
damage was found in hemodialysis patients 48
hours after HD session. Again, in the same study,
there was a significant difference in DNA damage
levels when compared to the DNA damage levels
before the hemodialysis session and the DNA damage levels observed 48 hours after HD session (p =
0.009). It has been reported that the level of DNA
damage does not correlate with sex, age, serum
glucose levels, urea [28]. The correlation was not
found between the same parameters and DNA damage also in the findings of our study (p > 0.05).
Ribeiro et al. evaluated the levels of DNA
damage in studies conducted with Wistar rats and
found that the chronic kidney disease (CKD) contributed to DNA damage in other organs such as
leukocytes, liver, heart, and kidney [27].
Bagatini et al. found that DNA damage levels
in patients with Type 2 diabetes mellitus (DM) and
CRF were higher than those in healthy controls
[28]. Ersson et al. detected that there was no significant difference in oxidative DNA damage between
diabetic and non-diabetic CRF patients. In the same

study, they found a significant increase with BMI in
DNA damage levels measured by the Comet method in CRF patients with high BMI [29]. There was
no significant difference (P>0.05) between BMI
and 8-OHdG-induced DNA damage in our study.
Zachara et al. It is known that CRF patients are
associated with DNA damage due to oxidative
stress in long-term hemodialysis treatment [30]. In a
study of HD patients on the prevention of oxidative
DNA damage in white blood cells, the effect of
selenium (Se) supplementation on HD patients was
examined. In this study, it was shown that DNA
damage in white blood cells in CKD patients is
higher than in healthy controls, and Se fortification
prevents DNA damage [30]. In another study, DNA
damage comparisons were made between CKD
patients without diabetic and dialysis in stage-4, and
CKD patients with dialysis in stage-5 and significant difference in further increased was found in
terms of DNA damage in 5th stage than 4th stage
[31]. In our study, significant results were obtained
in the 5th stage CRF patient group according to the
control group. When the other studies were examined, the results of our study were found to be almost in accord with the results of other studies
performed. There was a significant difference between our patient group and our control group (P
<0.05).
"!'%"!
In our study, it was clearly seen that reactive
oxygen species were found to be damaging to macromolecules and DNA, and the level of DNA damage was found to be significantly higher in the patient group. As can be seen from the literature reviewed, it is possible to remove or reduce reactive
oxygen species with hemodialysis treatment and
antioxidant supplementation. One of the important
limitations of our study is the low number of patients. Therefore, the data we obtain can be supported by more extensive studies conducted with the
participation of a larger patient series.
!") !&%
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The water shortage in Datong City is very tight,
as well as the water for industrial and agricultural.
To this end, it is proposed to use the water resources
of the coal mine goaf. In this paper, the goaf area of
the Meiyukou mine, the Tongjialiang mine, the Baidong mine and the Dazigou mine in the Kouquangou
mining area of Datong are used as the research objects. The hydrogeochemical characteristics of the
goaf water are analyzed by using the piper trilinear
diagrams, the Gibbs diagrams, etc. The quality of the
goaf water was evaluated by the improved fuzzy
comprehensive evaluation method and the SAR and
%Na index. The results showed that the goaf water
is mainly slightly alkaline salt water, and the contents of Na+, Ca2+, SO42-, TDS and EC exceed the
limits allowed by the WHO drinking water quality
standard; The goaf water was dominated by SO4-NaCa-Mg and SO4-Ca-Mg-Na; The chemical composition of goaf water was mainly affected by the weathering and dissolution of rock. Ca2+ and Mg2+ were
derived from the dissolution of calcite, dolomite and
gypsum; The quantity of goaf water belonged to
class II, III, IV and V, which accounted for 10.53%,
42.11%, 15.79% and 31.58% of the total quantity respectively; The goaf water was suitable for agricultural irrigation, accounting for 31.51%, and 21.05%
could be used for agricultural irrigation after proper
treatment.

industrial and agricultural waste water, the water resources are polluted, and the large-scale mining activities lead to the conversion of groundwater resources into water in the goaf. Therefore, the pressure on the supply of water in Datong has been increased [1]. The space left by large-scale mining of
coal resources is called the goaf. After receiving the
recharge of the adjacent groundwater and the infiltration of the atmospheric precipitation, the goaf
forms a water accumulation area. The mining area of
Datong has a large amount of goaf water, which will
affect the safety of coal production seriously. If the
water resources of the goaf can be utilized, the pressure on water supply in Datong can be greatly alleviated. Therefore, it is necessary to analyze and evaluate the hydrochemical characteristics and water
quality of the goaf water.
In recent years, many scholars have done a lot
of researches on the water quality of mining area.
The single-factor pollution index method, principal
component analysis method and improved nemerow
synthetic pollution index method were used to evaluate the water environmental quality of the goaf water in the Yungang mining area [2]. Taking Guancheng River small watershed in Zhijin County, a typical coal mining area of Guizhou Province, as an example, the suitability of surface water and groundwater for farmland irrigation was evaluated by EC,
SAR, %Na and KI index [3]. According to the hydrochemical characteristics of groundwater in the
coal measures strata of Shanxi Province, the influence of mine drainage water produced on the production of coal mine on the water environmental
quality was analyzed [4]. By analyzing and comparing the groundwater flow field and water quality before and after mining in Hancheng mining area, the
reason for the deterioration of groundwater quality is
that the acid old pit water and high salt water mixed
into the groundwater body in the deep area [5].
Through the investigation of the geochemical quality
assessment of groundwater in the Hongdunzi coal
mine area in northwestern China and the mechanism
of hydraulic connectivity between adjacent aquifers,

*(!$%
Goaf water, Hydrochemistry types, Hydrogeochemistry,
Water quality level, Evaluation of irrigation water quality
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Datong is a city with scarce water resources but
abundant coal resources. Groundwater is the main
source of water for local household and agricultural
irrigation. Due to the discharge of domestic sewage,
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the fluorine and nitrate pollution in the confined aquifer was determined, mainly from coal; natural geochemical processes, such as mineral dissolution,
cation exchange and groundwater evaporation,
mainly controlling groundwater chemical characteristics [6]. In this paper, the goaf water of Kouqougou
mining area is taken as the research object, and the
hydrochemical characteristics of the goaf water are
analyzed and the improved fuzzy comprehensive
evaluation method is used for water quality evaluation.

nual precipitation is 28.08-431.5mm, and the summer precipitation accounts for 64.3% of the whole
year. The annual evaporation is 1885.1-2386.3mm,
and the summer evaporation accounts for 50-60% of
the whole year. The research area is the coal mines
of the Meiyukou mine (I), Tongjialiang mine (II),
Baidong mine (III) and Dazigou mine (V) in the
Kouquangou mining area (Fig.1c).
The Meiyukou mine began to be mined by earth
method in 1918. By 2012, the coal in the coal seams
of 11#12#14-2#3# and 9# had been mined
out, and the total amount of water accumulated in the
goaf was about 1.69×106m3. Tongjialiang mine began to be mined in 1938, and by 2014, the coal in the
7#  8#  11#  12-1#  14-2# coal seams of
Tongjialiang mine had been mined out, and the total
amount of water accumulated in its goaf was estimated to be 1.56×106m3 in the later stage. In 2009,
the Dazigou mine was ready to mine the 12# and 14#
coal seams in the minefield. By 2012, the coal of the
2#, 8#, 11#, 14# coal seams of the Dazigou mine had
been mined, and the total amount of water accumulated in the goaf was about 1.74×106m3. The Baidong mine began mining the 11# layer in 1991. By
2014, the 14# layer goaf had accumulated water, and
the accumulated water volume was 5.86×104m3.

&$% &!%

%=>/B,;0,The study area, Kouquangou mining area, is situated in the southwest of Datong,
Shanxi Province, China. The study area covers a total area of over 58 km2, located between 112°53′ to
113°12′ E and 39°55′ to 40°08′ N (Fig.1). The study
area belong to the temperate continental monsoon
climate with mild summer temperatures and very
cold winter with an average annual temperature
about 6.8 °C. The rainfall is small. The precipitation
season and region are unevenly distributed. The an-
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%,6950.8550.=487,7//0=0.=487A total of 19
water samples were collected in the goaf of Meiyukou mine, Tongjialiang mine, Dazigou mine and
Baidong mine. The location of the sampling points
is shown in Fig.1. Immediately after the water sample was taken out, the pH, water temperature (T),
electrical conductivity (EC), and total dissolved solids (TDS) were measured in the field using a portable instrument. The SO42-  NO3-  Cl- Ca2+ 
Mg2+Na+K+ in the water samples were measured in the laboratory using an ICP-AES ion spectrometer, an AFS-3000 atomic fluorescence spectrometer, and a 723N spectrophotometer. The HCO3concentration was determined by conventional acidbase neutralization titration.
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The membership function is the basis of fuzzy comprehensive evaluation. Generally, the membership
function is calculated by the semi-trapezoidal distribution method, and the membership functions of
each water quality level are determined. The water
quality membership functions at all levels are as follows:
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,7/ 0?,5>,=487.;4=0;4, Considering the pollution
index that affects the water quality, set up the set of
evaluation factors U = {U1U2…Un};
According to the groundwater quality standard
(GB/T 14848-2017), the evaluation set V = {I, II,
III,IV,V} was established.
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Where: xi is the measured concentration of the
i-th evaluation index; sij is the j-level water quality
standard value of the i-th evaluation index; rij is the
membership degree of the i-th evaluation index to
the j-level water quality.
The membership matrix R as follows:

>CCB .869;0307<4?0 0?,5>,=487 The fuzzy
comprehensive evaluation method is a water quality
evaluation method based on fuzzy mathematics.
When the pollution of a certain indicator in the traditional fuzzy evaluation method is serious, the evaluation result will be affected to some extent [7, 8].
Therefore, this paper uses the improved fuzzy comprehensive evaluation method to evaluate the water
quality. The steps of the improved fuzzy comprehensive evaluation method are as follows:

⎧
 − 
⎪1 −
⎪  −  −1
⎪
 = ⎨0
⎪
⎪  +1 − 
⎪  +1 − 
⎩

 ≤  4

 =1

The weight matrix W is

 = {1

2

 2

 3

 4

 5 }.

 >CCB .869;0307<4?0 0?,5>,=487 ;0<>5=
The comprehensive evaluation is a composite operation of two fuzzy matrices of W and R, namely:
9
 = ×R

 <  <  +1
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The result of the compound operation B shows
the membership degree of the comprehensive evaluation of water samples relative to the various quality
categories, in which the rank of the largest membership degree is the quality grade of the water sample.

main ions (K+Na+Ca2+Mg2+SO42-Cl-
NO3- HCO3-) in the goaf water of Kouquangou
mining area are shown in Table 1.
The pH of water samples in the study area is
mostly neutral, but the distribution span is large. The
low pH of water sample may be that the goaf of coal
mine is in the state of oxidation environment, which
makes pyrite oxidize to form sulphate and release
H+, which results in the decrease of pH value of water [11]. The pH of the 78.95% goaf water is within
the WHO quality standards for drinking water [28].
The variation span of TDS is large, the minimum is
1406mg/L, the maximum is 12247mg/L, and the average is 2792.68mg/L. The TDS values of all water
samples exceeded the World Health Organization
drinking water quality standards [28], indicating that
the goaf water is not suitable for direct drinking water. The TDS content in the water sample is mainly
related to the content of Na+, Ca2+, Mg2+ and SO42plasma in water. Studies have shown that the higher
concentration of TDS in groundwater is mainly
caused by the dissolution of soluble salts in geological structures and the interaction between groundwater and underground minerals [12]. The EC value
ranged from 1161 to 3935 μS/cm with an average of
2270.80 μS/cm. Except for water samples no. 7
(1479μS/cm) and no. 16 (1161 μS/cm), EC in all water samples exceeds the world health organization
drinking water quality standard [27]. The higher EC
in the water sample is caused by ion exchange and
weathering dissolution processes in the aquifer.
When EC has great changes, it may be caused by human activities and water and rock interaction in geochemical process [13].

(,=0; #>,54=B 7/4.0< The sodium adsorption ratio (SAR) indicates the relative activity of sodium ion and soil exchange reactions to evaluate the
degree of alkalization of irrigation water. Water containing high concentrations of Na+ is more harmful
to irrigation because Na+ is adsorbed into the soil,
causing the dispersion of soil polymer to cause a decrease in permeability [3, 9, 10]. The calculation formula is as follows:

 =

 +

10

( 2+ +  2+ ) / 2

%Na indicates that irrigated water causes the
risk of alkali damage. The greater the %Na value, the
greater the risk of caustic damage. If the water is irrigated with high %Na value, the cation exchange
may occur on the surface of the soil. Na+ is adsorbed
by the soil and releases Ca2+ and Mg2+, which reduces the permeability of the soil, which leads to the
poor drainage of the soil. The calculation formula is
as follows:

%  =

 +
×100% 11
 2+ +  2+ +  + +  +

$%'&% %'%%! 

(,=0; :>,54=B .3,;,.=0;4<=4.< The physical
and chemical parameters (pH, TDS and EC) and

& 
87?07=487,5.3064.,5.8698707=<,7/@,=0;:>,54=B=B90<4728,1@,=0;<,6950<
Sample
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

K+
(mg/L)
3.91
10.36
11.05
24.34
36.82
27.26
19.75
14.1
20.86
13.87
13.47
24.98
24.14
24.55
31.15
160.7
15.38
24.71
20.33

Na+
(mg/L)
490.22
356.86
385.29
490.78
365.14
232.59
262.38
254.32
436.4
484.17
408.89
192.87
221.3
169.32
183.4
260.2
438.76
285.79
291.47

Ca2+
(mg/L)
382.86
417.67
218.58
295.61
370.55
259.18
157.17
166.54
170.7
153.01
184.24
182.15
132.19
283.12
302.9
202.97
232.12
285.2
234.2

Mg2+
(mg/L)
221.63
123.48
91.53
176.74
202.62
128.13
75.74
79.53
89.63
87.74
90.26
86.48
99.1
150.86
130.66
11.36
80.79
153.38
92.78

SO42(mg/L)
10080.4
2230.26
1306.01
2107.18
2093.4
1216.69
724.21
694.78
1216.49
1301.89
1302.1
672.56
564.92
1079.88
1112.76
798.71
1362.19
1395.12
896.67

Cl(mg/L)
149.43
40.75
127.05
136.89
156.6
135.92
132.95
201.9
188.12
134.93
121.14
145.76
129.01
157.58
162.5
233.42
195
163.5
262.97
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NO3(mg/L)
5
15
3.04
0.86
0.38
1.4
8.1
8.15
4.1
0.18
1.25
7.02
9.5
1.14
0.26
4.08
0.44
1.72
5.3

HCO3(mg/L)
0
12.52
379.66
400.46
315.51
416.06
497.54
400.46
445.53
475
396.99
507.94
407.39
525.28
516.6
56.02
388.32
499.27
428.2

pH
3
6
7.52
7.65
6.27
7.7
8.31
7.88
7.76
7.83
7.72
7.71
7.57
7.27
7.34
11.61
7.75
7.67
8.32

TDS
(mg/L)
12247
3231
2298
3404
3464
2176
1621
1600
2318
2400
2299
1525
1406
2087
2131
1785
2520
2538
2011

EC
(μS/cm)
3935
3266
1940
3086
3706
2472
1479
1562
1671
1562
1748
1706
1551
2796
2724
1161
1918
2828
2033
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water sample SO42- content exceeded the WHO quality standard for drinking water [27, 28]. The mineral
components of coal mines usually contain sulfides or
sulfates. Under the action of air and water, oxidation,
hydrolysis and leaching will occur, which will increase the content of SO42-. The dissolution of gypsum and anhydrite is also a source of SO42- [16].
SO42- is considered to be the most reliable indicator
of the impact of mining on groundwater, as SO42- reflects the degree of sulphide oxidation [17]. The
HCO3- content ranged from 0 to 525.28 mg/L with
an average of 372.04 mg/L. The Cl- content ranged
from 40.75 to 262.97 mg/L with an average of
156.60 mg/L. The NO3- content ranged from 0.18 to
15 mg/L with an average of 4.05 mg/L. HCO3-, Cl-,
and NO3- levels are below the World Health Organization's drinking water quality standards.

The content of cations in the water samples of
the goaf is Na+>Ca2+>Mg2+>K+, The Na+ content
ranged from 169.32 to 490.78 mg/L with an average
of 326.85 mg/L, which is compared with the World
Health Organization drinking water quality standard
value [27, 28]. and 84.21% of the water samples exceed the standard value. Therefore, the region has a
high Na+ content. The increase in Na+ concentration
may be the dissolution of rock salt and the weathering of albite [14]. The Ca2+ content ranged from
132.19 to 417.67 mg/L with an average of 243.73
mg/L, which was compared with the World Health
Organization drinking water quality standard value
[27, 28], and 63.16% of the water sample Ca2+ content exceeded the standard value. When the coal
seam is mined, the sulfide is oxidized to produce free
acid, and the free acid is neutralized with carbonate
minerals and alkaline substances, so that the Ca2+
content in the mine water is increased. In addition,
the dissolution of gypsum is also the cause of the increase in Ca2+ content [15]. The Mg2+ content ranged
from 11.36 to 211.63 mg/L with an average of
114.34 mg/L. The K+ content ranged from 3.91 to
160.7 mg/L with an average of 27.45 mg/L. The anion content changes to SO42->HCO3->Cl->NO3-. The
SO42- content ranged from 564.92 to 10080.4 mg/L
with an average of 1692.43 mg/L, and 63.16% of the

B/;8.3064<=;B=B90<The Piper trilinear diagram was drawn by Aqqa software and the water
quality type was divided. As shown in Fig.2, the anion is close to the region where the strong acid ion is
larger than the weak acid ion, so the main anion is
SO42-, and the cations in the water sample are concentrated in the middle of the triangle, so the percentage of Na+, K+, Ca2+, Mg2+ milligram equivalent in
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control of the rock and a slight evaporation concentration.
The proportional relationship of the main ions
can be used to analyze ion source, water chemistry
and formation mechanism in water. In the Na+Clratio diagram (Fig.4a), all water samples are distributed above the 1:1 trend line, and the Na+ content is
higher than the Cl- content, indicating that a small
amount of rock salt is dissolved in the water sample,
and the dissolution of rock salt is not the only cause
of controlling Na+ content. There may be other
mechanisms to increase the Na+ content in the goaf
water. In the Ca2+HCO3- proportional relationship
diagram (Fig.4b), the water sample is distributed on
the 1:1 trend line and above, indicating the dissolution of calcite in the water sample, and the dissolution of calcite is not the main cause of controlling
Ca2+ content [21]. In the Ca2++Mg2+HCO3- proportional relationship diagram (Fig.4d), all water
samples were distributed above the 1:1 trend line,
and the Ca2++Mg2+ content was greater than the
HCO3- content. It indicates that a small amount of
calcite and dolomite are dissolved in the water sample. In the Ca2+SO42- ratio diagram (Fig.4c), the
correlation between Ca2+ and SO42- is better, which
indicates that gypsum dissolution is the main source
of Ca2+ in the goaf water. The sampling points are
distributed below the 1:1 trend line, and the Ca2+
content is less than the SO42- content. Due to the effect of ion exchange, calcite precipitation occurs,
which reduces the Ca2+ content in the goaf water
[22]. The pyrite and organic sulfur in the coal mine
reacts with water and air through chemical or biological action, so that the SO42- content in the goaf water
increases. It can be seen from Fig.4e that the sampling points are distributed below the 1:1 trend line,
and the good correlation between Ca2++Mg2+ and

the water sample is similar. There are great differences in the hydrochemical types of water in different goaf, and there are 8 different types in all water
samples. The main hydrochemical types of the water
samples in the goaf are SO4-Na-Ca-Mg type
(36.84%) and SO4-Ca-Mg-Na type (26.32%), and
the water samples of no.2 and no.12 are SO4-Ca-NaMg type. The hydrochemical types of water samples
were SO4 type, HCO3-Na-Ca-SO4 type, SO4-NaMg-Ca type, SO4-Cl-Na-Ca type and SO4-Na-Ca
type, respectively. The hydrochemical types of water
samples are not only affected by the water itself, but
also affected by evaporation and water rock interaction.

B/;8208.3064.,59;8.0<<0<The Gibbs diagram can be used to analyze the main sources of
chemical components dissolved in water. When the
water sample has low TDS and high Na+/(Na++Ca2+)
or Cl-/(Cl-+HCO3-), the water sample is distributed
in the lower right corner of the figure, indicating that
the area is greatly affected by regional atmospheric
precipitation. If the TDS of water sample is medium,
the Na+/(Na++Ca2+) or Cl-/(Cl-+HCO3-) ratio is about
0.5, the water sample is distributed in the left side of
the center of the figure, which reflects that the ions
in this area are mainly affected by rock weathering.
If the TDS is large, the value of Na+/(Na++Ca2+) or
Cl-/(Cl-+HCO3-) is also high. the water sample is distributed in the upper right corner of the figure, reflecting that the region is a highly evaporative arid
region [18-20].
The hydrochemical data of water samples in the
study area were plotted on Gibbs chart. The Fig.3
shows that that the TDS in the water sample is higher
the ratio of Na+/(Na++Ca2+) and Cl-/(Cl-+HCO3-) is
about 0.5, and the water sample is mainly distributed
in the upper middle part of the figure, so the goaf
water is controlled by the weathering and dissolution
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&309;898;=487/4,2;,6<-0=@007.87.07=;,=487<81 ,,7/5,, ,7/! -, ,7/%! 
., 2 ,7/! /, 2 ,7/%! ! 0, ,7/2 1
& 
(,=0;:>,54=B0?,5>,=487;0<>5=<811>CCB.869;0307<4?00?,5>,=48760=38/
%,6950
7>6-0;
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

D
0.000911189
0.159857719
0.166512754
0.219771141
0.198813794
0.22132176
0.027255741
0
0.059644138
0.222904352
0.244948731
0.006777967
0.033554135
0.198813794
0.198813794
0
0.198813794
0.198813794
0

E
0.357760323
0.066204993
0.165697177
0.138900372
0.149307109
0.137349752
0.290261316
0.23395446
0.238089612
0.13576716
0.113722781
0.381633319
0.265473239
0.391199582
0.271603688
0.087540244
0.087921745
0.138276927
0.194837518

02;0081606-0;<349
F
0
0.218192443
0.029182554
0
0.079707906
0.332117702
0.171723447
0.462526001
0.060937762
0
0
0.424982443
0.48662832
0.165429777
0.285025671
0.574704905
0.071935973
0.248157237
0.358408579

G
0
0.311187998
0.367589086
0
0.327614344
0.064653939
0.199515829
0.180963906
0
0
0
0.064050637
0.091788673
0
0
0.215199217
0
0.170195195
0.202197056

H
0.641328488
0.244556847
0.122555633
0.641328488
0.244556847
0.244556847
0.122555633
0.122555633
0.641328488
0.641328488
0.641328488
0.122555633
0.122555633
0.244556847
0.122555633
0.122555633
0.641328488
0.244556847
0.244556847

(,=0;:>,5
4=B50?05
H
G
G
H
G
F
E
F
H
H
H
F
F
E
F
F
H
F
F

(,=0; :>,54=B .5,<<414.,=487 Based on the
groundwater quality standard (GB/T 14848-2017) as
the evaluation standard, the improved fuzzy comprehensive index method was used to evaluate the water
quality of five indicators: Na+, Cl-, SO42-, NO3-and
TDS. According to the formulas (1)-(9) in the step of
the improved fuzzy comprehensive evaluation
method, the measured data is gradually calculated,
and the evaluation results are shown in Table 2.

SO42-+HCO3- indicates that Ca2+ and Mg2+ are
mainly derived from the dissolution of dolomite, calcite and gypsum. It can be seen from Fig.4f that the
water sample is mainly distributed below the 1:1
trend line, and above the 1:2 trend line, the Ca2+ content is greater than the Mg2+ content. It shows that
the dissolution of calcite and gypsum is also existed
in the water of the goaf in addition to the dissolution
of dolomite.
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As can be seen from Table 2, 10.53% of the water samples are Class II water, and 42.11% of the water samples are Class III water. The water quality of
these two types of water bodies is relatively good,
and such water bodies are suitable for industrial and
agricultural water use. The water samples of Class
IV water account for 15.79% of all water samples.
These water bodies are based on the requirements of
agricultural and industrial water quality and are applicable to agriculture and some industrial water.
31.58% of the water samples are Class V water. The
water quality of such water bodies is poor and needs
to be selected or treated according to the purpose of
water use. In order to use the coal mine goaf water
more reasonably and efficiently, it is further used for
the analysis of irrigation water quality.

31.51% of the water samples belong to the well-watered area of the irrigation water, and the water used
for irrigation does not cause salt damage or alkali
damage. There is 21.05% of the water sample in the
suspected reserved area in the quality of the irrigation water. This kind of water is used for irrigation,
which may cause the risk of alkali damage, but the
risk is relatively small, and appropriate measures can
be taken to prevent the occurrence of alkali damage.
There is 31.51% of the water samples in the suspected reserved area of irrigation water quality. Such
water is used for irrigation and there is a risk of salt
damage and alkali damage. The remaining 21.05%
of the water samples are in the unusable area of the
irrigation water quality. Such water bodies are not
suitable for irrigation and will cause serious salt and
alkali damage.

;;42,=487 (,=0; #>,54=B Excessive dissolved ions in irrigation water can affect the physical
and chemical properties of the soil and planting, and
reduce soil productivity [23]. USSL diagram [24]
was used to evaluate the suitability of water in goaf
for agricultural irrigation. Draw the water sample of
the study area in the USSL diagram. It can be seen
from Fig.5a that EC is also a good indicator of salinity hazard in goaf water, as it can also reflect the TDS
concentration in groundwater. Belonging to C3S1
and C3S2 in the water samples of the goaf account
for 57.91%. These water bodies are high salt damage
and low to medium alkalinity hazard. If the soil is
leached and drained, it can be directly irrigated. Otherwise, it needs to be salinity is treated and plants
with good salt tolerance are selected to reduce the
risk of salinity hazards.
The Wilcox diagram [25] also characterizes
%Na and EC, which can be divided into five regions,
namely: excellent irrigation water quality, good area,
allowable suspect area, suspected reserved area and
unavailable area [26]. The water sample is drawn in
the Wilcox diagram. It can be seen from Fig.5b that

! '%! 

(1)The water in the goaf of coal mine was
mainly alkaline water, the main cation content
changes to Na+>Ca2+>Mg2+>K+, and the main anion
content changes to SO42->HCO3->Cl->NO3-. The
content of Na+, Ca2+, SO42-, TDS and EC in the water
sample exceeded the limit allowed by the WHO
drinking water quality standard.
(2)Using Gibbs graph analysis, it is concluded
that rock weathering and dissolution is an important
controlling factor for water chemical components in
the goaf. According to the analysis of the ion scale
coefficient map, the dissolution of rock salt was not
the only cause of controlling the Na+ content in the
goaf water, and there might be other mechanisms to
increase the Na+ content in the goaf water. The dissolution of gypsum, dolomite and calcite was the
main source of Ca2+ and Mg2+ in the goaf.

'$
'%%0?,5>,=487.3,;=,,7/(45.8A0?,5>,=487.3,;=-8128,1@,=0;<,6950<478>:>,728>
.8,56470
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(3)By using the improved fuzzy comprehensive evaluation method to evaluate the water quality
of the goaf, it comes to the conclusion that 52.64%
of the water samples were suitable for industrial and
agricultural water use, 15.79% were suitable for agriculture and some industrial use, while 31.58% had
poor water quality and needed to be selected or
treated according to the purpose of water use.
(4)Combined with different ion contents in the
goaf water, it might cause salt and alkali hazards to
crops and soil. The USSL and Wilcox maps were
used to evaluate the water quality of the goaf.
31.51% of the goaf water used for agricultural irrigation would not bring salt and alkali harm to crops
and soil, 21.05% could be used for agricultural irrigation after appropriate treatment measures, while
21.05% was not suitable for agricultural irrigation.
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$%#%

$ ' '&' Pojark is an endemic species
of maple, known so far only from a very restricted
area on Mount Babadağ (Fethiye district, Muğla
province) in Southwestern Turkey, included in the
IUCN Red List of Threatened Species in 1998. In
the year 2015 we visited the locality where $
' '&' grows, on the steep slopes near the
summit of Mount Babadağ, in order to obtain further data for the study of the Cerambycidae and
Buprestidae fauna associated with this tree. In this
research, 6 species belonging to 2 families
(Cerambyicidae and Buprestidae) of Coleoptera
were captured and identified in the study area.
These 6 species ($!$'% !&%*, !"!"'%
("%, !$   $%  &)  &)
  &)  &) %'"$ and  
&)  &) !!$) are observed first time
on $' '&' Pojark on Mount Babadağ.

or felled trees can survive and develop slowly in
dried wood. Therefore these species often continue
boring into wood that has been dried and processed
[1].
$ ' '&', included in the IUCN Red
List of Threatened Species in 1998 [2], is strictly
localized near the peak of Mount Babadağ, in
Muğla province (South West Anatolia, Turkey).
The species grows on the steep, rocky slopes
around the peak of the mountain, at an altitude of
1400 to 1900 meters [3]. The main purpose of this
research was to study of the wood boring insects
associated with this plant, especially those belonging to Cerambyicidae and Buprestidae (Coleoptera).
It is well known how these families of Coleoptera
can be harmful for the forest health. However, the
species of Cerambycidae and Buprestidae that we
found during our research, turned out "not to be
deadly dangerous" for the living plant, as they attack the plant when already withering. The species
were obtained by gathering the adults and breeding
the larvae found under the bark and inside the
wood. Samples of wood were taken to laboratory
and adults emerged in 2015 and 2016. Below, we
report the studied species, listing the original description, the whole range of distribution, and details about their host plants and known biology.

('!#$
Cerambycidae, Buprestidae, $ ' '&', endemic,
new host, Babadağ- Turkey.

 %#!&%!

%#$ %!$

Wood-boring is carried out by many insects
either to obtain food or as a means of protecting
their eggs, larvae and pupae. Many insects and a
few other invertebrates are wood-borers. Some of
them obtain both sustenance and shelter from the
wood, while others use it only as their habitat. Certain species attack only living trees, others are
found mainly in freshly felled or dying trees; a few
infest only dry woodland, while others attack only
old moist wood. Those that attack trees and fresh
logs frequently bore and live in the inner bark for a
variable period of time, before they penetrate the
wood. They also can be considered to be inner back
borers. Some insects that attack only freshly killed

This study was carried out on Mount Babadağ
(Fethiye district, Muğla province) in Southwestern
Turkey (Figure 1). The barks of trees were scrapped
with a pen knife to collect insects that live under the
tree barks. Collected adults were killed in a killing
jar made by placing cotton wool soaked in chloroform into wide mouth glass container. After killing,
the insect specimens were preserved either by pinning in the case of adults. The early stages were
kept in the laboratory until adult emergence, after
which they were killed and pinned.
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' $Hampe, 1870. Berl. Entomol. Zeits., 14:
335. Type locality: “Corfu” (Greece).

19:81*;:165 Central Europe (Hungary, Slovakia, Austria), Balkan Peninsula and Turkey [4].

#$&%$

)413? -8)4*?+1,)-  %81+06.-8;9 26
:9+0?1 )5/3*);-8   %"$!" % !
&%* Ganglbauer, 1883. Wien. ent. Zeit., 2, 12:
298. Type locality: “Cilicischen Taurus”.

19:81*;:165 Greece (Samos Isl.), Southern
Turkey, Lebanon [4].

69:73)5:9*'% sp., %"! 
 [8, 9]; ' % $ (Çamliyayla, Içel, Turkey,
P. Rapuzzi leg.); $ ' '&' (5-= 069: 8-+
68,).

69:73)5:9 '% sp.; $&!  sp.; !& '%
!*$ Scop; $&! %#' L., '$'% sp.
[5, 6], $' '&' (5-=069:8-+68,).

#-4)829 The female lays one egg on a very
thin alive branch (few millimeters of diameter). The
young larva feeds inside this small branch and then
moves in the larger branch where it digs a “ring”
inside the wood. This way, the branch easily breaks
and fall. The larva stays inside the cut part of the
branch and prepares the pupal cell inside the wood.
Adults emerge between May and June.

)413?;78-9:1,)- 5:0)>1)5:0)>1)
+-*-+11)16++01)/5)51
 &) ( 
&))  Baiocchi & Magnani, 2018.
Zootaxa, 4370 (3): 232. Type locality: “TURKEY
(Muğla) 1701m., Mt. Babadağ (N slope), SE of
Fethiye, 36°32’19’’N 29°10’17’’E”.

19:81*;:165 species endemic to Turkey.

69:73)5:9 $' '&', $ sp. [10].

#-4)829The egg deposition occurs in April /
May, and the larva feeds under the thick bark for at
least one year, until the next spring, when it digs a
rather deep pupal cell. The adult is usually completely formed already during the summer, but stays
in its pupal cell until the next spring, thus passing a
second winter in the wood, and emerging after two
years from the egg deposition, usually in May.

#-4)829 The larva feeds mostly under the
bark of dead and dry trunks and branches, moving
then inside the wood, where it digs the pupal cell.
Adults emerge between May and August.

 #67)367;9 +3)<17-9 )*81+1;9 
'("% Fabricius, 1775. Syst. Entomol.:
188. Type locality: “Germany”.
19:81*;:165 South and Central Europe, Kazakhstan, Turkey, Iran [4].
69:73)5:9Polyphagous on deciduous trees,
but also on conifers ( )% and % 
). Larvae in dead twigs and small branches of
trees and bushes. Pupation in the wood [7] $
' '&' (5-=069:8-+68,).
#-4)829 The larva feeds under the bark of
dead and dry branches, digging very large tunnels
that are only partially filled with larval frass. The
pupal cell is prepared inside the wood. Adults
emerge between May and July.
16,-815)315-)819)47-  
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 5:0)>1) 5:0)>1) 9-41+;78-) A9:-8
  &) %'"$ Küster, 1852. ,$
'$!"%. Nach der Natur beschrieben.: 21. Type
locality: “südöstlichen Deutschland und Ungarn”.

19:81*;:165 Austria, Bosnia-Herzegovina,
Bulgaria, Croatia, Czech Republic, France, Germany, Greece, Hungary, Italy (including Sicily), Macedonia, Montenegro, Romania, Serbia, Slovakia,
Slovenia, Spain, Switzerland, Turkey, Ukraine [11].

69:73)5:9 $ spp., $' '&' (5-=
069:8-+68,).

[1] Anderson, F.R. (1960) Forest and Shade Tree
Entomology. John Wiley and Sons, Inc. New
York, London.
[2] Güner, A. (1998) Acer undulatum. The IUCN
Red List of Threatened Species 1998,
e.T33003A9746655.
[3] Ayberk, H. and Cebeci, H. (2010) Scolytus rugulosus (Müller)(Coleoptera, Scolytidae)- A
new pest of Acer undulatum Pojark in Turkey.
Journal of Animal and Veterinary Advances.
9(17), 2325-2326.
[4] Löbl, I., Smetana, A. (2010) Catalogue of Paleartic Coleoptera. 6. Chrysomeloidea. Apollo
Books, Stenstrup. 924.
[5] Adlbauer, K. (1988) Neues zur Taxonomie und
Faunistik der Bockkäferfauna der Turkey. Entomofauna. 9(12), 257–297.
[6] Dauber, D. (2004) Beitrag zur Kenntnis der
Cerambycidenfauna von Samos. Linzer biol.
Beitr. 36(1), 81–88.
[7] Sama, G. (2002) Atlas of the Cerambycidae of
Europe and the Mediterranean Area. Volume 1:
Northern, Western, Central and Eastern Europe. British Isles and Continental Europe from
France (excl. Corsica) to Scandinavia and
Urals. Nakladatelstvi Kabourek. 1–173.
[8] Kovacs, T. and Hegyessy, G. (1995) The longhorn beetle fauna of Debrecen and its surroundings (in Hungarian). Fol. Hist.-nat. Mus. Matr.
20, 175–184.
[9] Sabol, O. (2000) A contribution to the
knowledge of the bionomics of Lioderina linearis (in Czech). Klapalekiana. 36, 291–296.
[10]Baiocchi, D. and Magnani, G. (2018) A revision of the Anthaxia (Anthaxia) midas Kiesenwetter, 1857 species-group (Coleoptera: Buprestidae: Anthaxiini). Zootaxa. 4370(3), 201–
254.
[11]Kubáň, V., Volkovitsh, M.G., Kalashian, M.J.,
and Jendek, E. (2016) Buprestidae. In: Löbl I.,
Löbl D. (Eds): Catalogue of Palaearctic Coleoptera. Volume 3. Revised and updated edition.
Scarabaeoidea, Scirtoidea, Dascilloidea, Buprestoidea and Byrrhoidea. Brill, LeidenBoston, 432‒574.
[12]Mühle, H., P. Brandl and M. Niehuis (2000)
Catalogus Faunae Graeciae, Coleoptera: Buprestidae. Published by H. Mühle. Augsburg,
254, 8 colour plates.

#-4)829 The species has also been reported
to develop on several species of Rosaceae [12], but
this is probably due to misidentification of the very
close  &) (.) %'+  Théry, 1942, and this
data needs confirmation. The adultrs emerge usually in May.

 5:0)>1) 5:0)>1) *1+6368 )3,-84)5
  &) !!$ Falderman, 1835. Nouveaux
Mémoires de la Société Impériale des Naturalistes
de Moscou, 4: 149. Type locality: Caucasus.

19:81*;:165 Armenia, Azerbaijan, Bulgaria,
Croatia, Georgia, Greece, Iran, Iraq, Israel, Jordan,
Lebanon, Macedonia, Romania, Russia (South European Territory), Syria, Turkey, Turkmenistan,
Ukraine (Krym), Uzbekistan [11].
69: 73)5:9 Oleaceae, mostly $) '% species; $' '&' (5-=069:8-+68,).
#-4)829 $ ' '&' represent a new
and unusual host-plant for this species, which we
have always reared from $) '% species. The present report probably represents a deposition by a
stray female. Adults emerge in early spring.
! &$! $
In this research, 6 species belonging to 2 families (Cerambyicidae and Buprestidae) of Coleoptera
were captured and identified on Mount Babadağ
(Fethiye district, Muğla province) in Southwestern
Turkey. $!$'% !&%* !"!"'% ("%
and !$   $% are the cerambycid species
seen first times on $ ' '&'.  &)  
&)   &)  &) %'"$
and  &)  &) !!$ are the buprestid
species seen first times on $ ' '&'. So;
$ ' '&' is the new host record for these 6
species. In their research; Baiocchi and Magnani
has given  &)  &)  as a new
species for Turkey [10].
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ABSTRACT

livers, eyes, nerves, heart, and blood vessels [1, 2].
A total of 366 million people (8.3 % of adults) were
suffered from diabetes worldwide in 2011 and it is
predicted to raise upto 552 million people by the year
2030 [3, 4].
Studies have shown that hyperglycemia can
eventually lead to the production of reactive oxygen
species (ROS) [5], which leads to the complications
in the ȕ cell, causing insulin deficiency and resistance [6]. ROS generation causes oxidative damages of cellular components such as DNA, proteins
and lipids [7, 8]. This oxidative damage eventually
leads to various pathophysiological conditions, such
as ageing, diabetes, cancer, cardiovascular, inflammation, cataracts, Alzheimer disease and neurodegenerative disorders [9-11]. Lipid peroxidation
due to Reactive Oxygen Species (ROS) can cause
destabilization and disintegration of the cell membrane that leads to liver injury, atherosclerosis, kidney disorder, aging and susceptibility to cancer [1214]. Though, humans have a well-defined antioxidant system to combat ROS, but over production of
ROS in the absence of antioxidants in the body can
damage the cellular components. Several studies
have shown the importance of plant derived antioxidant, which scavenge free radicals and restrain oxidative stress-related degenerative effects [15-17].
Conversely, the long term use of synthetic anti-diabetic or antioxidative drugs is more likely to produce
side effects, followed by a condition of drug resistance [18]. The search for novel and alternative
therapies to manage diabetes are still eye catching in
the field of diabetic research. Natural products have
recently gained a potential for the treatment of diabetes, obesity and cancer [19, 20]. But few documents have successfully shown the efficient use of
traditional and ethno botanical medicinal plants [21,
22].
In this regard, Cassia species from Legumonosae is one of the largest and the most important family of flowering plants that are rich in secondary metabolites. The main bioactive compounds include
coumarins, flavonoids, isoflavonoids, lignins, withanolides, saponins, glycosides, terpenoids, alkaloids,

Diabetes mellitus is one of the common hormonal disorders that might be controlled through herbal
medicine, which is cheap, effective and safe. In the
present study an attempt has been made to investigate the anti-diabetic activity of ethanolic extracts of
Cassia nemophila (EECNP) in streptozotocin-induced diabetic mice. Initially, diabetes has been induced by administering a single dose (55 mg/kg
body weight) of Streptozotocin and after the induction of diabetes, a dose of EECNP has been given to
those mice. Laterly, blood sugar levels (BGL) at fasting and body weight of the diabetic mice have been
monitored at regular intervals. Treatment of diabetic
mice with EECNP has significantly decreased the
BGL compared to untreated diabetic mice. Also, the
diabetic mice administered with EECNP have gained
normal weight on the 14th day of treatment as compared to non-treated diabetic mice. Besides, the
EECNP have high antioxidant activity that have significantly affected the total cholesterol, LDL, HDL,
triglycerides, MDA and nitrous oxide in the blood of
diabetic mice. From the study, it is concluded that
Cassia nemophila has effectively prevented the
Streptozotocin-induced diabetes in the treated mice.
KEYWORDS:
Diabetes mellitus, Cassia nemophila, streptozotocin, total
cholesterol, antidiabetic activity.

INTRODUCTION
Diabetes mellitus (DM) is a complicated endocrine problem, generally caused by defects in insulin
secretion. The abnormal secretion of insulin often
leads to a deficiency of insulin, insulin resistance and
hyperglycemia. These complications of insulin
might be due to abnormal metabolism of carbohydrates, fats, proteins and electrolytes. Chronic hyperglycaemia leads to several macro and micro vascular
problems such as dysfunction and failure of kidneys,
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Measurement of blood glucose level. Normal
and STZ-induced diabetic mice fasted overnight, the
fasted animals were deprived of food for at least 12
hr, but allowed free access to water. Fasting blood
glucose level was estimated before induction, after
the induction of diabetes and on 4th, 7th and 14th day
of treatments. The Blood glucose levels were measured by using Glucometer (Roche Diagnostics
GmbH, Mannheim, Germany).

essential oils, fatty acids, resins and gums. Cassia
species have been reported to have high polyphenols,
which mediate diverse biological and pharmacological properties [23, 24]. Additionally, polyphenols
are widely used in traditional medicine for their antimicrobial, laxative, antiulcerogenic, analgesic and
anti-inflammatory properties [25]. C. nemophila is
native to Australia, but in Pakistan, it is cultivated in
Khyber Pakhtunkhwa form the last 40 years. However, due to lack of sufficient literature on the role of
this plant in diabetes, the current study was conducted to investigate the antidiabetic activity of the
plant in animal model.

Blood biochemical assessment. After the estimation of blood glucose level on the 14th day of treatment, the mice were sacrificed by decapitation.
Blood was collected by cardiac puncture and serum
was separated for determination of biochemical parameters, the level of serum triglyceride (TG), highdensity lipoproteins (HDL), low-density lipoproteins
(LDL) and total cholesterol (TC) were estimated by
using commercial available kits. (SPAN Diagnostics
kit).

MATERIALS AND METHODS
Chemicals. Streptozotocin was purchased
from Sigma-Aldrich Co. Glucose, total cholesterol,
high density lipoprotein (HDL), low density lipoprotein (LDL), cholesterol and triglycerides (TG) were
assayed by using commercially available kits (SPAN
Diagnostics).

Antioxidant activity DPPH radical scavenging assay. The free radical scavenging ability of the
EECN extract was determined using DPPH according to the method of Burits et al. [27]. Freshly prepared 1 ml DPPH solution (0.004% w/v in 99% ethanol) was added to a 3 ml of sample (100 ȝJPO ethanol). The mixture was incubated at room temperature in dark for 20 mins. After incubation the mixture
was vortexed and the absorbance was read at 517nm
using a spectrophotometer. Ascorbic acid was used
as a reference and 99% ethanol was used as blank.
The DPPH free radical scavenging activity was
measured using the following formula:
ݕݐ݅ݒ݅ݐܿܽ݃݊݅݃݊݁ݒܽܿݏ݈ܽܿ݅݀ܽݎܪܲܲܦሺΨሻ
 ܤെ ܵ
ൌ
 ൈ ͳͲͲ
ܤ
Where, B = absorbance of the blank; S = absorbance of the sample extracts or standard.

Plant material and extract. The collected
Cassia nemophila pods from various parts of Khyber
Pakhtunkhwa were dried at room temperature. The
dried powder were defatted with n-hexane and then
extracted with dichloromethane, ethyl acetate and
ethanol in increasing order of polarity in a Soxhlet
apparatus. The ethanolic extracts of pods were then
investigated for their antidiabetic and antioxidant activities.
Mice. Six to seven weeks-old albino male mice
weighing 22-30 g were purchased from National Institute for health Islamabad (Pakistan) and used for
experiments after one week of acclimatization.
Throughout the experimental period, standard laboratory diet in the form of pellet along with water was
made available ad libitum. The mice were kept at 22
°C for 12 hrs dark-light cycle, according to the
µGuide for the Care and Use of Laboratory Animals¶
established by Abdul Wali Khan University Mardan
Pakistan. Blood glucose was collected from all experimental mice for analysis after 18 h of fasting following the procedures of Aderibigbe et al. [26].

Statistical analyses. All the experiments were
replicated and the data is presented as mean ±SE.
The data were analyzed by ttest using Microsoft Excel.

RESULTS
Effect of Cassia nempohila on blood glucose
level (BGL) of mice. The results indicated observable changes in blood glucose levels (BGL) of treated
and control mice (Figure 1). Treatment of diabetic
mice with ethanolic extract of Cassia nemophila has
decreased the BGL in STZ-induced diabetic mice
compared to untreated diabetic mice. Initially, i.e. after 4 days of diabetes induction (Figure 1A), BGL
was recorded high in both EECNP treated and untreated diabetic mice. However, a small decrease in
BGL was noticed on the 7th day of diabetes induction in mice treated with 100 or 150 mg/kg body

Grouping of mice. Mice were randomly divided into five groups with each group consisted of
6 mice.
Group 1- normoglycemic control
Group2-diabetic control
Group 3- diabetic treated with low dose extract
(100 mg/kg body weight)
Group 4- diabetic treated with high dose extract
(150 mg/kg body weight)
The treatment was carried out for fourteen days
and blood samples from each mice was collected on
the basis of tail method.
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FIGURE 1
Changes in blood glucose levels of the experimental mice.
BGL = blood glucose level; C1 = negative control or mice without diabetes; C2 = positive control or diabetic mice fed on
normal feed; T1 = diabetic mice fed on 100 mg/kg body weight of the EECNP; T2 = diabetic mice fed on 150 mg/kg body
ZHLJKWRIWKH((&13(UURUEDUVUHSUHVHQWV6(RIUHSOLFDWHVµ ¶UHSUHVHQWV3 DQGµ ¶UHSUHVHQWV3 QV
represents non-significant.

weight EECNP (Figure 1B). Later on (14th day od
diabetes induction), the BGL was back to normal in
a group of diabetic mice that were treated with 150
mg/kg body weight of EECNP (Figure 1C).

DPPH confirms the free radical scavenging activity
of the EECNP. At a concentration of 25 μg/ml,
EECNP showed maximum scavenging activity. The
effect of antioxidants on DPPH is thought to be due
to their hydrogen donating ability. Though, the
DPPH radical scavenging potential of the extract
was less than those of ascorbic acid (100%). The
study showed that the extract has an average protondonating ability and could serve as free radical inhibitors.

Effect of Cassia nempohila on body weight of
mice. The body weight of all the experimental animals was almost same at the start of the experiments.
But, the weight of mice after the induction of diabetes (4th day) from all treated groups were decreased
as compared to the non-diabetic group (Figure 2A).
A gain in weight on 7th day of diabetes induction was
observed in mice that have been treated with either
dose (100 or 150 mg/kg body weight) of EECNP,
whereas the weight of diabetic control group has declined significantly (P = 0.05) (Figure 2B). At the
14th day of experiment, the EECNP treated groups
have gained back the normal body weight (Figure
2C), while further loss in weight was noticed in positive control group. This result demonstrates that the
EECNP had maintained or improved the normal
body weight of diabetic mice.

Effect of C. nempohila on blood biochemical
parameters. Streptozotocin-induced diabetic mice
were assessed after 14 days of treatment for serum
lipid profile and insulin level. Serum cholesterol, serum triglycerides, serum HDL levels were decreased
by both doses of EECNP. Untreated diabetic mice
showed higher levels of total cholesterol and TG, but
exhibited lower levels of HDL and insulin. In contrast, both doses (100 and 150 mg/Kg) of EECNP
showed lower levels of total cholesterol and TG and
higher levels of insulin and HDL (Table 1). Similarly, at a higher concentration (150 mg/kg body
weight), ECCP exhibited better antioxidant activity
with lower level of nitrous oxide (NO).

Antioxidant effect of EECN. To assess the antioxidant effect of EECNP, 1, 1-Diphenyl-2-picrylhydrazyl (DPPH) assay was performed in-vitro.
As shown in Figure 3, the dose-response curve of
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FIGURE 2
Changes in the body weight of experimental mice.
BW = body weight; C1 = negative control or mice without diabetes; C2 = positive control or diabetic mice fed on normal feed;
T1 = diabetic mice fed on 100 mg/kg body weight of the EECNP; T2 = diabetic mice fed on 150 mg/kg body weight of the
EECNP; Error bars represents ±S.E of 5 replicDWHVµ ¶UHSUHVHQWV3 DQGµ ¶UHSUHVHQWV3 QVUHSUHVHQWVQRQsignificant.

FIGURE 3
Antioxidant activity of EECNP
EECNP = Ethanol extract of Cassia nemophila pod (test sample); AA = ascorbic acid (standard).

TABLE 1
Effect of EECN on blood parameters
Trt.
G1
G2
G3
G4
Tot. Cho.
3.72 ± 0.06
4.56 ± 0.13*
3.92 ± 0.04
3.75 ± 0.20
LDL
0.25 ± 0.06
0.42 ± 0.06*
0.29 ± 0.03
0.27 ± 0.04
HDL
2.70 ± 0.16
3.29 ± 0.25*
2.9 ± 0.04
2.80± 0.10
TG
3.79 ± 0.05
4.66 ± 0.1*
3.921± 0.41
3.82 ± 0.09
INS
73.54 ± 2.24
32.16 ± 3.4*
54.52 ± 4.29
62.33 ± 2.74
MDA
7.91 ± 0.31
23.92 ± 1.0*
14.12+0.49
9.79 ± 0.62
NO
3.99 ± 0.33
8.91 ± 0.54*
5.99 ± 0.55
4.81 ± 0.42
Tot. Cho. = total cholesterol (mmol/L); LDL = low density lipoproteins (mmol/L); HDL = high density lipoproteins (mmol/L);
TG = Triglycerides (mmol/L); INS = Insulin (μg/L); MDA = malonyldialdehyde (nmol/g of protein); NO = nitrous oxide
(μM/mg of protein); G1 or Group1 = normoglycemic control; G2 or Group2 = diabetic control; G3 or Group3 = diabetic treated
with low dose extract (100 mg/kg body weight); G4 or Group4 = diabetic treated with high dose extract (150 mg/kg body
weight). Means of 5 replications IROORZHGE\6(DQGUHSUHVHQWHGZLWKµ ¶DUHVLJQLILFDQWO\GLIIHUHQWDW3 
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phenolic contents in the extract. Likewise, EECNP
has reduced the nitric oxide (NO) level in the serum
of the STZ-diabetic mice, which are in agreement
with previous published study by Lee et al. [39].
There is no doubt that the Cassia species are
reservoir of potentially useful chemical compounds,
which can serve as a potential drug. The present
study suggests that ethanolic extract of Cassia nemophila pods possess significant antidiabetic properties as it reduced the fasting blood sugar level. In
addition, the EECNP has also improved body weight
and lipid profile in streptozotocin induced diabetic
mice as compared to diabetic control group, thus
making it a strong candidate to be used in diabetes
treatment. However, further studies are needed to explore the full potential of the active compound(s) in
EECNP against diabetes.

DISCUSSION
Diabetes mellitus is one of the most common
chronic disease that is associated with hyperlipidemic and co-morbidities such as obesity, hypertension. To check the efficacy of a drug in diabetic
experimental models, diabetogenic agent Streptozotocin
(STZ,
2-deoxy-2-(3-(methyl-3-nitrosoureido-D-glucopyranose) is used to induce diabetes mellitus. Streptozotocin has the ability to elevate
blood glucose levels even higher than 250 mg/dL
[28]. In the present study, the effect of ethanolic extract of Cassia nemophila pods was screened to explore the underlying mechanism in the treatment and
prevention of Streptozotocin-induced diabetes. Despite its use as a traditional medicine, no study has
been reported so far to show its effect against diabetes. However, the presence of anti-hyperglycemic
triterpenoids [29] in various plant species has been
reported in literature [30]. Certainly, other species of
Cassia are famous to have medicinal values, for example Flowers of Cassia auriculata are used for the
treatment of diabetes mellitus [31, 32]. In vivo antiinflammatory effect of methanolic extract of leaves
of Cassia tora was also investigated against carrageenan [33]. Several other chemical compounds
such as glycosides, napthopyrone glycosides, phenolic compounds, flavonoids etc. have been isolated
from Cassia species. These compounds of Cassia
species are responsible for the pharmacological activities such as anti-inflammatory, antioxidant, antidiabetic and hypolipidemic activities [34].
Additionally, various antioxidants have been
reported to be isolated from different species of Cassia. Cassia fistula has shown potential antioxidant
properties, which were due to the presence of flavonoids, phenols and proanthocyandin. Besides,
kaempferol and emodin have also been isolated from
other Cassia species [23, 35]. Similarly, Cassia nemophila contains remarkably diverse amounts of
phenolic compounds [36], which is in line with our
results. In the present study, EECNP has been noted
to have significant DPPH radical scavenging activities.
One of the pathogenesis of diabetes is rising of
serum lipid profile like cholesterol, TG, LDL followed by low HDL level, which is indeed a risk factor for coronary heart disease [37]. In the present
study, we have compared the serum cholesterol, TG,
and LDL of normal mice and EECNP fed STZ-diabetic mice. EECNP have shown a great potential to
control lipid profile in the STZ-diabetic mice. In previous studies, a high level of MDA was noticed in
the blood of diabetic patients that can be attributed
to oxidative stress [38]. In our study, we have also
observed raised levels of MDA in untreated diabetic
mice, where EECNP fed diabetic mice had low levels of MDA. The reduction in MDA levels in the serum of diabetic mice might be attributed to the antioxidant potential of EECNP that can be mediated by
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ABSTRACT

INTRODUCTION

The most significant occurrence in this era is
rapid urbanization. Especially in developing countries, the cities have an obvious expansion due to
rapid population growth, economic development and
infrastructure development initiatives. It is crucial to
monitoring and to predict the urban expansion for
sustainable cities in terms of settlement planning,
transportation, landscaping, etc. At this point, remote
sensing data (especially satellite data) and geographic information system (GIS) techniques allow
us to get necessary data with high spatial, spectral
and temporal resolution. This study aims to detect
the Land Use and Land Cover (LULC) of the Istanbul Metropolitan City from 2003 to 2016 in purpose
of urban expansion by using Landsat 5 and Landsat
8 satellite images in a GIS environment and to predict the status of the city in 2030.
The study was carried out in two main steps. In
the First step, the LULC changes are detected in
Land Change Modeler (LCM) between initial and final dates. This step is very similar to a basic change
detection process. The second step is to predict the
city statues for a future date. In this step, the results
from first step such as classification images are evaluated in a Multilayer Perceptron (MLP) approach
and then the expansion of the city is predicted. In our
case, the change rate of built-up area from 2003 to
2030 is predicted as (+) 48%. The MLP approach allows us to detect the transitions between LULC classes which are very important for city planning. According to results the main transition to built-up area
will come from agricultural land. In the end, this
study exhibits the advantages of remote sensing and
GIS and the importance of urban expansion monitoring in terms of prediction.

Urban expansion or sprawl has become one of
the important issues for municipalities, city planners
and environmental scientists. Especially in metropolitan cities such as Istanbul, this issue becomes
more vital. According to the United Nation 2014 report, more than half of the world population lives in
urban areas and then it is projected to increase over
the % 65 by 2050. It is known that developing countries have already begun a rapid urbanization [1].
The fact that the world population is on a rapid increase since the industrial revolution of the 18th century and due to the population gathering in certain
centers reveals urban planning and urbanization
problems [2]. This unnatural rapid urbanization has
posed significant social and environmental challenges for urban planners and decision-makers [3].
Therefore, monitoring and modeling the urban expansion of cities is the key parameter to take the necessary precautions [4, 5].
The modelling of the urban expansion became
widespread in the 1960s [6] and have accelerated
with the developments of the technologies such as
Remote Sensing (RS) and Geographic Information
System (GIS). Today, RS has been widely recognized as a fundamental tool for urban planning, management and design due to allows to get spatiotemporal data that are essential for modelling environmental impacts, population growth, and urban expansion. Especially the advantages of satellite-based
image data have attracted attention of the scientific
studies on urban expansion and environment [7, 8].
RS allows the data collection of spatial details for
wide areas at different time intervals; therefore it
provides a unique perspective in revealing the spatial
and temporal dynamics of the change process in the
urban expansion and land use [9]. Mostly, UA and
GIS technologies are commonly used together and
are described as an effective and powerful tool in the
identification and monitoring of land cover change at
different scales [10, 11, 12, 13]. The dynamic modeling in GIS has rapidly gained popularity as a tool
for urban simulation [4, 14].
The main step of urban expansion studies is to
determine initial and final situation of interested city.

KEYWORDS:
Urban expansion, remote sensing, Multilayer Perceptron,
GIS, land use and land cover, Istanbul.
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29o ¶(ODWLWXGHDQGo 50¶1WRo ¶1 longitude
at an average elevation of about 100 m (see Figure
1). It is located along the Bosphorus and around the
Golden Horn in the north of Turkey. Istanbul is surrounded by Kocaeli in the east, Tekirdag in the western, the Black Sea in the north, and the Sea of Marmara in the South. Istanbul is strategically very important city and one of the biggest and the most
crowded city of Europe. The area of Istanbul is about
5750 km2 and approximately 15 million people live,
equivalent to 19RIWKH7XUNH\¶VSRSXODWLRQ.
Istanbul is ranked among the largest cities in the
world. It is the 7th-largest city in the world. The
Turkish Statistical Institute reported that the population of Istanbul Metropolitan Municipality was approximately 15 million, which means 19 percent of
the country's population. According to the graph of
the Istanbul population growth in Figure 2, the city
is in an increasing trend. The population of Istanbul
is detected as 15 029 231 in the last census of 2017.
However, we cannot mention a linear movement
with the population rate.
Istanbul has unique specifications in terms of
economy, demography, trade, and tourism. Therefore, it is important for decision makers to monitor
urban expansion and to make estimates of urban expansion for future years. This paper contributes to
build a more livable Istanbul by presenting the
LULC changes and prediction of urban expansion in
2030.

This step is often accomplished by the classification
of the satellite data. In other words, the determination
of Land use and Land Cover (LULC) of interested
city. The LULC analyzes are very important to determine the urban expansion and to predict growth of
urban areas in the future. Generally, LULC analyses
is used to examine the causes and consequences of
land changes and to determine land use planning and
policy [17, 18]. In time some machine learning approaches such as Multilayer Perceptron (MLP) neural network, Markov Chain analysis and Cellular Automata have been used to support the LULC studies
in purpose of to predict urban expansion [15, 16].
This study aims to determine the LULC from
2003 to 2016, to analyze the spatial and temporal expansion patterns, and to predict the LULC in 2030
for Istanbul using Land Change Model (LCM) tool
of IDRISI software. The tool uses LULC of initial
and final data and predicts urban expansion based on
0/3QHXUDOQHWZRUNVIRUQH[W\HDU¶V[17, 19, 20]. In
this study, the initial and final dates have been identified as 2003 (Landsat 5) and 2016 (Landsat 8).

STUDY AREA
Istanbul is selected as the study area. The urban
development of the highly populated areas of Istanbul including the Bosporus, lies between 28o ¶(WR

FIGURE 1
Study Area
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FIGURE 2
Population of Istanbul & annual rate of increase of total population
TABLE 1
The general specifications of the satellite data used in the study
Sensor

Date (Year-Month-Day)

Path

Radiometric
Resolution

Number of
Bands

Landsat TM 5

2003/07/03

180/31

8 bit

7

Landsat
OLI

2016/07/22

180/31

16 bit

11

8

Purpose
Land Use
Cover
Land Use
Cover

and
and

the urban expansion [21]. It is important to mention
that the time period of 2003 and 2016 is selected by
taking into account in the form of ongoing political
management of Turkish government.

DATA AND METHODS
Data. Data selection is a vital step in urban expansion studies. Because it has a direct impact on
study analysis and results. The main important point
of urban expansion studies is to know urban areas
have a dynamic characteristic. At this point remotely
sensed data allows to get a wide perspective in revealing the spatial and temporal dynamics of the
change process in the urban. Moreover, it is the most
suitable, cost effective, and rapid way to get required
data with respect to traditional data collection methods. In this study, Landsat Thematic Mappers (TM)
for 2003 and Operational Land Imager (OLI) for
2016 images were obtained from the United State
Geological Survey (USGS) via earth explorer web
site. The general specifications of the satellite data
are shown in Table 1. In addition to the Landsat data,
some auxiliary inputs such as road networks, Digital
Elevation Model (DEM) and Slope were also used in
the study. The satellite images and DEM were provided as standard products from the USGS site.
Slope data were derived from DEM. The digital road
network map of highways was obtained from the
General Directorate of Highways (GDH), in Turkey.
The satellite images in Table 1 have the spatial
resolution of 30 m. This solution is enough to detect

DATA PREPARATION
In data preparation step, firstly the discrepancy
between the data is corrected. Because, the vector
GDWDGLGQ¶WSURSHUO\RYHUOD\RQWKHVDWHOOLWHTo solve
this problem a co-registered process was made. Then
all data were clipped by vector data of the study area,
Istanbul. The band combinations of 4-3-2 for Landsat 5 TM and 5-4-3 for Landsat 8-Oli were used to
make false color composite images, it is one of the
most efficient methods for land use and land cover
detection [1, 22]. When satellite images are obtained,
some systematic errors may occur in the geometry
and the pixel brightness values of the images [23].
The images have been applied correction procedure
to eliminate these errors. Firstly, the radiometric correction was applied to the images. The radiometric
correction process is called the correction of the errors that occur in the brightness value of the sensor,
the wavelength of the blend, the atmosphere and the
topographic effect of the resulting image. Secondly,
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into five classes. The classified images are shown in
Figure 3.

the atmospheric correction was carried out using the
FLASH algorithm which is preferred for Landsat images as a type of absolute atmospheric correction. As
a result of these steps, the surface reflectance values
were determined for all the images and the images
are ready for the classification.

METHODS
LULC Change Detection Analysis. LULC
changes between 2003 and 2016 were analyzed using post-classification change detection techniques
in the GIS environment. This technique is suitable to
calculate the changes of LULC temporally. Moreover, it is possible to get the transitions between classes [1]. The statistical change of LULC between different years was calculated as:

SUPERVISED CLASSIFICATION
As a general approach of urban expansion studies, the analysis is made by classification of the initial and final data [1, 16, 24]. In this study the supervised classification is performed for five classes
which are built-up, water bodies, agricultural land,
forest, and barren land areas (Table 2). Training sets
(spectral signatures) were selected from satellite images for each land cover. Different color composites
are determined for the 5 classes and the corresponding spectral signatures are digitized for each land
cover. In the end the Maximum Likelihood algorithm has been used as classification method and
both initial and final satellite images are classified

݄݁݃݊ܽܥሺΨሻ ൌ  ቆ

ܣ௬ െ ܣ௧௬
ቇ ͲͲͳ כ
ܣ௧௬

where A is the sum of the pixel for each the
class. The numbers of pixels and percentage of the
changes are shown in Table 3 for each class separately.

TABLE 2
Description of the Land Cover Types
Land Cover
Agricultural Land
Barren Land
Forest
Built-up
Water body

Description
Planted land for fruit and vegetable, gardens, crop fields.
Areas that are not suitable for agriculture, forest, or city, wastelands.
Large and broad-leaved trees, small trees, shrubs, green areas, urban recreation areas.
All residential areas, industrial areas, construction sites, villages, transport roads.
Sea, lakes and ponds, streams, canals, dams and ponds.

TABLE 3
The number of pixels for each class in 2003 and 2016
Class
Built-up
Water_body
Agricultural_land
Forest
Barren_land
Total

pixels in 2003
1231855
122155
2072085
1939317
503317
5868729

pixels in 2016
1452590
95682
1829371
2196904
294182
5868729

FIGURE 3
Classification results of the 2003 and 2016.
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where the ݊݁ ݐinput value in the intermediate
layer is shown the calculation with the ݅Ǥ with input
node point and ݆Ǥ weight value of the intermediate
layer node. ݓ is weight between i and j node points
and ܱ is expressed as the output data from the node.
The expression for a given j-node is as:
ܱ ൌ ݂൫݊݁ݐ ൯
where f represents the nonlinear sigmoid function applied to the weighted sum of the input data
before passing to the next layer. These equations are
called as forward propagation. The backward calculation phase starts with the calculation of the error
value. Forward and backward propagation in the
MLP neural network is repeated iteratively until network faults are minimized or an acceptable size is
reached. The main purpose of network training is to
obtain the appropriate weight between the input layer
and the hidden layer for the classification of unknown pixels [16, 25].

THE USAGE OF MULTILAYER
PERCEPTRON MARKOV MODEL
Artificial Neural Networks (ANN) are a computing technology that has been used since the middle of the 20th century. Especially, it has been developed inspired by the work functions of the human
brain and started to be used in different fields. The
studies on how the brain works done by Donald
Hebb, a neurologist in 1949, is the basis of the ANN.
In recent years, the Multilayer Perceptron Markov
Model (MLP), which is an ANN model, has been
used for different purposes. Within the context of
this study, MLP model was used in forecasting the
urban expansion in the 2030 year. The MLP Markov
model is based on the trained learning strategy in the
backpropagation method of error. The back propagation of the error has two different approaches: forward and backward. The MLP Markov model consists of a feed-forward neural network, which has
one or more layers between the input layer and the
output layer of artificial neural networks [16]. For
this reason, the feedforward neural network calculations have been performed for the MLP Markov
model. The main advantage of this model is that it
allows you to model all transitions between classes
at the same time [25].
The MLP calculations are made based on the
transition probabilities that obtained from LULC
classifications [25]. The backpropagation algorithm
consists of two parts, forward and backward. The input data from a single node is weighted as:

RESULTS AND DISCUSSION
As told in the previous section, the determination of LULC changes is an essential step for urban
expansion studies. These changes allow us to predict
the future statues of the city. But the transitions between LULC classes are also very important for
planning the future city. Thus, in this study, the class
transitions were also calculated and shown in a
square graphic at Figure 4.

݊݁ ݐൌ  ݓ ܱ 

FIGURE 4
Graphical representation of all transitions between classes (pixels)
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The main reason to determine the transition between classes is to calculate the probability of transition from all classes to built-up class. This calculation was performed by the MLP_Markov method.
The MLP_Markov method allows us to produce an
empirical probability map (Figure 5). In fact, this
map refers to the relative frequencies of the transitions between the LULC classes. However, it is necessary to emphasize that the probability values on the
map have been calculated for transitions from the
other classes to the built-up class. According to the
LULC classification in Figure 3 and the transition
map in Figure 5, It is possible to say that the agricultural land and forest classes have the higher potential
to transition into the built-up class.

In Figure 4, the rows represent all losses and the
columns represent all gains from the five classes.
There was a transition from all other classes to the
built-up class. The highest transition was occurred
between agricultural land and built-up classes. According to Figure 4, more than 3x105 pixels were
passed from agricultural land class to built-up class.
but interestingly, there is a transition from the builtup class to the agricultural land class. This occurs because the urban transformation projects of government. According to these projects, the buildings in
the regions with irregular construction and squatter
buildings were demolished and planned settlements
were made in other locations. Eventually the built-up
is expanded.

FIGURE 5
Empirical likelihood map of transition into the built-up areas

FIGURE 6
MLP_Markov land cover predicted map for 2030 of Istanbul city.
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FIGURE 7
Number of pixels of land cover types over the years (2003-2030).
The probabilities of transitions have been used
to compute the weights of the transitions. The computed weights are used as an input in MLP neural
network analysis. The predicted LULC classification
map of 2030 is created in GIS environment (Figure
6). It is possible to say that the built-up area will expand to north direction. A pixel based graph of
changes of LULC classes from 2003 to 2016 and the
predicted map of 2030 is given in Figure 7.
According to Figure 7, it is expected that the
built-XSDUHDLQøVWDQEXOZLOOLQFUHDVHE\DOPRVWILIW\
percent (48%: from 1231855 to 1829720pixel). Similarly, while there will be no significant changes in
water body and forest classes, the Agricultural land
and Barren land classes will decrease in rates of 22%
and 44% respectively. Overall, the increasing population, government supported urban transformation
projects and new settlements in Agricultural land
have a direct impact on urban expansion.

venience in metropolitan cities such as Istanbul. According to the purpose of the study, the resolution of
the data to be selected may vary, but Landsat satellites are considered sufficient for LULC studies. In
addition, the GIS-based MLP_Markov approach appears to be successful in estimating LULC changes.
When the LULC results are examined, a 35%
decrease is observed in the water areas. How much
of this decrease will occurred due to the filling in the
seashore and the loss of lakes and rivers will be investigated in future studies. In forest areas, an increase of 10 percent is expected. This situation seems
to be in line with the forestry projects of the forest
ministry. According to the results of the study, it is
foreseen that Agricultural land will decrease in Istanbul. This will affect regional food production and
prices. Most of the decrease in Agricultural land is
transformed into built-up area. Similarly, a significant decrease is also expected in the Barren land
class. Again, most of this decrease will return to the
built-up.
The most important reason why there is a transition from almost all LULC classes to the built-up
class is the constant migration of Istanbul. In 2003,
the population of approximately 12 million and in
2016 it reached 15 million. this means that the 15
million population estimates for 2030, which are
foreseen for Istanbul in the United Nations human
development program, have been reached by about
15 years ago. In addition, major projects such as the
new airport and Canal Istanbul make Istanbul a center of attraction in terms of population. In this context, it is necessary for local administrators to take
precautions for the negative effects of rapid urbanization. As a result, this study has established an observation of the importance of the urban growth
model and used testable hypotheses about the factors
affecting the urban standardization and growth.

CONCLUSION
As it is known, Istanbul is a very important city
in many ways, such as political, cultural, geopolitical
position, architecture, art structure and population.
Therefore, for a sustainable and livable city, it is necessary to observe the current situation of the city and
to identify the development trends in terms of LULC
classes. This study was conducted to provide a contribution to development Istanbul. Mainly there are
two steps in the study. Firstly, the changes of LULC
classes from 2003 to 2016 is detected. Secondly the
situation of Istanbul in 2030 is predicted. Istanbul
road network map, DEM, slope image and empirical
probability map were used as auxiliary data for prediction step. As a result of the study, it can be said
that remote sensing and GIS provide significant con-
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cooling and conditions that we can call abnormal.
Especially in the last 30 years, phenomena emerging
with the phenomenon of global warming, which
cause many natural catastrophes, which are very different from the previous climate changes and which
stimulate each other and influence each other, come
into chaining. As the global warming continues to
increase, the problems are going to continue, after a
certain point of failure, the irreversible disasters are
the result, and the possibility that even the future of
man and other living things will endanger. Due to
global warming causing climate changes, overheating will reduce water capacities of rivers, lakes. As a
result of this extreme temperature increase, desertification will spread in the world [1].
New climate changes will force farmers to
change the products they produce and there will be
significant changes in planting and planting dates
and product types [2]. Thus, the importance of plants
resistant to new climatic conditions will increase.
   Olivier, a wild almond species, has propagated in Saudi Arabia, Iraq and Syria.
In Southeast Anatolia of Turkey, Gaziantep,
Kahramanmaras, Şanliurfa, Mardin, Siirt and
Hakkari provinces shows the distribution [3-5]. It
has been determined that it naturally grows in the
western parts of Iran, in Israel, in Jordan and in the
northwestern regions of Saudi Arabia [6].
   Oliv. 1.5 - 2.5 m in length,
broom-like shrub. Exiles and branches are always
green. It has angles like a glove. At the beginning of
the dry season, the leaves are unfiltered because the
leaves are defoliated.   is the eastern plant.
This almond can be grown on bare limestone rocks
and sandstone cliffs, on both ovens and hilly land. A.
  also grows in sandy places and valley beds.
The height of growth is between 150-1200 m, rarely
1500 m [7].
In Turkey almonds (   L)
selection is done a lot of work on breeding and cultivation [8-24]. In contrast, studies on wild almond
species in Turkey is limited [25-27].
Studies on wild almond species abroad are
quite extensive [3, 6, 7, 28-33].
A.  , one of the plant species to be used
in arid areas due to global warming, needs to be evaluated and studied.

This study was conducted to determine some
properties of the    Oliver almond
species used as rootstocks and their production. The
description of this species, seed germination of different 5 species, growth of seedlings, budding success were investigated.
The kernels of almonds are bitter. Seed width
is between 8.55 - 9.26 mm, seed length is between
13.76 - 15.44 mm, seed suture is between 10.62 11.74 mm and seed weights are between 0.60 0.79g.
There is no problem with the germination of the
seeds. The best germination rate; It was obtained as
an average of 72.7% of seeds which were soaked in
250 ppm GA3 solution for 2 days and applied to stratification for 30 days at 4 ° C.
Seedling growth of the Arabian almond has
been thin, and Seedling has not reached the level of
grafting for 6 months. Seedling diameter of almond
types ranged from 2.74 to 3.97 mm, and the length
of the seedling ranged from 18.5 to 20.0 cm.
The budding work of A. arabica was carried out
on the wild type at the field. Ferragnes almond variety is grafted. It seems that there is no problem with
the grafting success. At Budding done in 3 periods,
the best budding rate was obtained in February (50.0
– 70.0%), followed by the budding in September
(30.0 – 40.0%) with the lowest budding rates from
June budding (6.7 to 16.7 %).
It has been concluded that    can be
used as a rootstock in some stone (almond, peach,
nectarine, plum, apricot) fruit species. It can also be
used for afforestation and fruit cultivation in arid and
semi-arid areas. These features should be evaluated
by preliminary studies.
(' "#
Almond,   , grafting, seed germination,
seedling

$" %$ 
The world's climate system has passed some
periods of arming some time since the millions, even
millions of years, and has gone through periods of
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#--,315/ 86=:0 Germinated seeds of 5 selected types were planted to plastic pots sizing 10 x
20 cm including soil:sand:manure with the ratio of
2:1:1 respectively, in April.

#--,315/ $8;52 1)4-:-8 Trunk diameter
above 2 cm from soil level were measured with a
digital caliper in 12 replicates in each type.

#--,315/-5/:0From soil level to tips were
measured with a tape measure in 12 replicates in
each type.

;,,15/ #:;,1-9 Ferragnes cultivar, late
flowering, high yielded, 30% kernel ratio, suitable
for growing in Southeastern Anatolian Region, was
used in grafting studies. Budding studies were conducted on three periods, September, February and
June. 30 buddings were done in each period.
Chip budding (dormant) in the second week of
September, chip budding in the first week of February and the third week of June were done. When the
bark in rootstocks was not slipping, chip budding
was used instead of T-budding.
Budding success was evaluated according to
sprouting.

In this study, the possibility of usage as rootstocks of Bitter almond (.  ), which is Turkey's natural resources, was carried out. The obtained data can also be used in further studies.
$"#$ #

):-81)395 types of    Oliver (Bitter almond tree) were selected from Yagmurtepe village in Siirt and those were named as AAT1,
AAT2, AAT3, AAT4 and AAT5.
0)8)+:-819:1+9 6. 1::-8 3465, $8--
86=515#118:Plants height were changed by 0.5
m to 1.5 m and were grown bushy forms. Shrubs are
much branched from base. Each shrub has 5 to 10
branches. Trunk color is grey and current year shoot
color is green. Shoots, scaffold branches and trunks
doesn’t have neither downy nor thorny. Lenticel distribution on scaffold branches are sparse with 5-15
cm intervals.
Length of leaves are 1.5-3.0 cm width of leaves
are 0.5- 1.0 cm. Leaves are small and crenate types.
Leaves are lanceolate, green and without hair. Buds
are brown, 1.5-2 mm width and 2.5-3.5 mm length.
Bud indumentum is sparse hairy and triangular
shaped.
Inflorescence of bitter almond types includes 5
red-claret red sepals, 5 white petals, 1 pistil and surrounding 15-30 stamens. Petals are medium elliptic
shape.
Inflorescence date was observed last week of
March and first week of April and prolonged 7-10
days.
Bitter almond types are ripened second week of
August. Green colored hull splitting shows its ripening. Kernels are ovate shape. Nuts are bitter. Fruit
tips are aculeate. Weight of kernels were 0.60-0.79
g.

>7-814-5:)3-91/56.#:;,1-9)5,#:):19:1
+)3 5)3?919 Analysis of Variance (ANOVA) was
used in the study with SAS statistical analysis program. Duncan Multiple Range Test was done with
the significant level of 0.01%.
"#%$##%## #

8;1: '-1/0:9 Some characteristics of types
were statistically differed from each other. The heaviest fruits were ranged as AAT5 (0.79 g), AAT4
(0.76 g) and AAT3 (0.75 g), others, AAT2 (0.64 g)
and AAT1 (0.64 g) gave lowest result than the first
group above (Table 1). Aslan [22] reported that fruit
weights of culture almond were changed by 1.47 to
5.00 gr. Because of the fact that bitter almond is
wild, the fruit weights are strongly varied comparing
to culture almond.

8;1: #:;,1-9 8;1: -5/:0 '1,:0 )5,
$01+25-999;:;8-Fruit Length, width and thickness were measured on 12 replicates in each 5 types
with a digital caliper.

8;1: '-1/0:9 12 replicates of each 5 types
were scaled separately.

8;1: '1,:0 Fruit width of selected types
were varied significantly. The widest fruits were
seen on AAT3 (9.42 mm) and AAT4 (9.37 mm)
types, AAT5 (9.29 mm) and AAT2 (8.90 mm) were
followed by them and the lowest width was seen on
AAT1 (8.55 mm) (Table 1). According to Yaltirik
[3], fruit width of bitter almond was 0.7 mm, which
is similar to this study.

8;1: -8415):165 #:;,1-9 Fruits of  
  Oliv. (Bitter almond) types were put
into 125 ppm, 250 ppm, 500 ppm and 1000 ppm Gibberellic Acid (GA3) with Control (no GA3) for 48
hours. After this treatment, fruits were experimented
to stratification 3 replicates and 30 kernels in witch
replicates according to completely randomized design. Stratification was done in storage box with perlite in +4 C degrees for 30 days long. Fruits were incubated in room temperature for 15 days and germination ratios were determined.
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8;1:=1,:090-1/0:99;:;8-9)5,=-1/0:96.8)*1+)3465,:?7-9
Fruit widths
(mm)**
AAT1
8.55 c
AAT2
8.90 bc
AAT3
9.42 a
AAT4
9.37 a
AAT5
9.29 ba
**: Duncan’s multiple range test, P ≤ 0.01.
Types

Fruit heights
(mm)**
13.76 c
13.82 c
14.76 b
15.22 ba
15.44 a

Fruit sutures
(mm)**
10.62 d
10.92 c
11.31 b
11.40 b
11.74 a





Fruit weights
(g)**
0.60 b
0.64 b
0.75 a
0.76 a
0.79 a

  
 













 

 






 !





%" 
#--,/-8415):1658):-96.)3465,:?7-9
Different letters above the columns mean significant differences by the Duncan’s multiple range test (p≤0.01).

8;1: -5/:09 Fruit length of selected types
were differed each other. The longest fruit was measured on AAT5 (15.44 mm), AAT4 (15.22 mm) and
AAT3 (14.76 mm) were followed by this and the
shortest fruits were seen AAT2 (13.82 mm) and
AAT1 (13.76 mm) (Table 1). Yaltirik [3] measured
exocarp and mesocarp and found as 2.5 cm length.
Endocarp length was observed as 1.5 cm in this study
and was similar to previous study.
8;1: $01+25-99 9;:;8- Fruit thickness in
selected bitter almond types were varied. The most
thickness has gained by AAT5 (11.74 mm), AAT4
11.40 mm) and AAT3 (11.31 mm) types were followed by it and the lowest thickness were seen on
AAT2 (10.92 mm) and AAT1 (10.62 mm) types (Table 1). Results were paralleled to Yaltirik [3], average thickness of studied fruits were 1 cm.

didn’t germinate. Similar results were obtained by
30 days long on 4°C.

..-+: 6. 1..-8-5:   69-9 65 -8415)
:165 6. 8;1: Regardless of Bitter Almond Types,
Maximum germination was seen on 250 ppm (72.7
%) and 500 ppm (66.9 %) GA3 doses, which were
followed by 1000 ppm (49.1 %) and 125 ppm (46.0
%), minimum germination was seen on Control
(42.2%) (Figure 2).
According to Khalil and Al-Eisawi [31], 30
days after stratification, fruits were incubated by 750
and 1000 ppm doses with 24 h long and germination
was increased by with the ratios of 50% and 40% respectively, comparing with 0, 250 and 500 ppm. In
this study, 250 ppm and 500 ppm doses were effective. It can be explained by different endocarp thickness on bitter almond.

8;1:;:-8415):165"):166.1::-83
465, $?7-9 Effect of different Gibberellic Acid
doses were varied on nuts of bitter almond types statistically.
Without Gibberellic Acid, Bitter almond types
germination ratios were as AAT5 (59.3 %), AAT1
(58.0 %), AAT2 (58.0 %), AAT4 (54.9 %) and
AAT3 (46.7 %) respectively (Figure 1). Khalil and
Al-Eisawi [31], who studied on germination of
  , were stratified fruits for 0, 15,
30, 45 and 60 days on 5°C. The highest germinations
were obtained by 45 and 60 days long (with the ratios
of 63% and 67% respectively), no stratified fruits

64*15):165 6. 1::-8 3465, $?7-9 )5,
  69-9 No interaction was seen on bitter almond types and GA3 doses combination. But, the
highest germination was seen on 250 ppm GA3 incubation. In this dose, Types were sorted with germination ratios as AAT1 (83.3 %), AAT2 (73.3 %),
AAT4 (71.1 %) and AAT5 (70.0 %). Similar results
were seen on 500 ppm GA3 dose with the ratios of
AAT1 (72.2 %), AAT4 (70.0 %), AAT2 (68.9 %),
AAT5 (63.8%) and AAT3 (60.0 %) (Table 2 and Table 3).
Without incubation to GA3, germination ratios
on fruit were the lowest.
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;,,15/ #:;,1-9 Budding studies were carried out three periods, which was September, February and June on field (Table 4).

The highest germination was obtained by Khalil and Al-Eisawi [31] with the ratios of 63% and
67%. Our results were highly similar to this. On the
other hand, 10.8 % and 45.8 % germination ratios
were obtained by Rahemi et al. [32] with the incubation fruits to 0, 250, 500, 750 ppm GA3 doses and
stratification 30 days long. It is suspected that this
variation was seen due to almond species difference. 

$0-!-816,6.#-7:-4*-8There was not statistical difference on budding success with chip budding on the period of September (Table 4).
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%" 
..-+:6. ,69-9659--,/-8415):1658):-9
Different letters above the columns mean significant differences by the Duncan’s multiple range test (p ≤0.01).

$ 
-8415):1658):1696.*1::-8)3465,:?7-95;:965,1..-8-5: ,69-9
1::-8
3465,
$?7-9
AAT1
AAT1
AAT1
AAT1
AAT1

 
69-9
774
0
125
250
500
1000

-8415):165

45.5
44.4
83.3
72.2
44.4

1::-8
3465,
$?7-9
AAT2
AAT2
AAT2
AAT2
AAT2

 
69-9
774
0
125
250
500
1000

-8415):165

46.7
48.9
73.3
68.9
52.2

1::-8
3465,
$?7-9
AAT3
AAT3
AAT3
AAT3
AAT3

 
69-9
774
0
125
250
500
1000

-8415):165

32.2
35.5
65.6
60.0
40.0


$ 
-8415):1658):1696.*1::-8)3465,:?7-95;:965,1..-8-5: ,69-9
1::-83465,
$?7-
AAT4
AAT4
AAT4
AAT4
AAT4

 69-9
774
0
125
250
500
1000

-8415):165

43.3
44.4
71.1
70.0
45.6

1::-83465,
$?7-
AAT5
AAT5
AAT5
AAT5
AAT5

 69-9
774
0
125
250
500
1000

-8415):165

43.3
56.7
70.0
63.3
63.3

$ 
;,,15/9;++-9965*1::-8)3465,:?7-9
$?7-9
AAT1
AAT2
AAT3
AAT4
AAT5

;,,15/
#;++-9965#-7:-4*-8
36.7
33.3
36.7
30.0
40.0

;,,15/
#;++-9965-*8;)8?
66.7
63.3
56.7
50.0
70.0
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6.7
13.3
13.3
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$
#--,315//86=:0,1)4-:-8)5,9--,315/3-5/:0159-3-+:-,*1::-8)3465,:?7-9
#--,315/86=:0
1)4-:-8944
AAT1
2.74 b
AAT2
2.78 b
AAT3
3.97 a
AAT4
2.84 b
AAT5
3.73 a
**: Duncan’s multiple range test, P ≤ 0.01.

#--,315/-5/:0+4

$?7-9

18.6
18.5
19.7
20.0
18.8


The highest budding success was seen AAT5
(40.0 %) which was followed by AAT1 (36.7 %),
AAT3 (36.7 %) and AAT2 (33.3 %), and the lowest
budding success was seen on AAT4 (30.0 %). Atli et
al. [34] determined the nursery performances of GN
22 and GF 677 types. The highest budding success
(98%) was gained by the period of October. The period of September took place on budding success after the period of February. Budding success was relatively lower (30-40%). The reason of lower budding success was due to on field to wild type almond
varieties.

#--,315/1)4-:-886=:0Seedling growth
diameters in selected six-months-old bitter almond
types were generally weak and thickness of trunks
were not reached grafting success. The best diameter
growths were measured on AAT3 (3.97 mm) and
AAT5 (3.73 mm). AAT4 (2.84 mm), AAT2 (2.78
mm) and AAT1 (2.74 mm) types were followed by
them respectively (Table 5). Bolat [12] reported that
Prunus species were reached necessary thickness
(7.21 – 8.14 cm) for grafting after vegetation period.
It is compared to this study, bitter almond types were
both showing dwarf and shrub growth.
#--,315/ -5/:0 86=:0 Length of sixmonth-old bitter almond seedlings were generally
weak. The best lengths were seen on AAT4 (20.0
cm) and AAT3 (19.7 cm), others, AAT5 (18.8 cm),
AAT1 (18.6 cm) and AAT2 (18.5 cm), were followed by them respectively. According to Bolat
[12],  species lengths after vegetation period
were changed by 72.3 to 89.7 cm. Because of dwarf
growth habitus of studied species, growths of seedlings were observed as weak.

$0-!-816,6.-*8;)8?Budding success was
not differed by types on chip budding, which was
made in February (Table 4). AAT5 (70.0 %) showed
the highest budding success, AAT1 (66.7 %), AAT2
(63.3 %) and AAT3 (56.7 %) was followed by it and
the lowest budding success was seen on AAT4 (50.0
%).
According to Atli et al. [34], budding success
on March was the second (93.4 – 95.0%). On the
contrary, the best result was gained by the period of
February (50.0 – 70.0 %). The reason of lower success was to used wild type of almond types.

 %# #
$0-!-816,6.;5-There was not statistical
difference on budding success with chip budding on
the period of June, as well (Table 4).
The highest budding success was seen on
AAT5 (16.7 %), which was followed by AAT2,
AAT3 (13.3 %) and AAT4 (10.0 %), and the lowest
ratio was gained by AAT1 (6.7 %).
Atli et al. [34] obtained the highest budding
success on the period of July which was made on
greenhouses with the ratios of 90.0 % and 91.7 %. In
opposition to this, the lowest budding success was
gained by the period of June (6.7 – 16.7 %).
Generally, in dormant period, budding success
is higher than the period of June-July.

It has been concluded that A. arabica can be
used as a rootstock in some stone (almond, peach,
nectarine, plum, apricot) fruit species. It can also be
used for afforestation and fruit cultivation in arid and
semi-arid areas. These features should be evaluated
by preliminary studies.
Further study and protection as a genetic resource on this line of our country's genetic resources
will provide benefits to our agriculture and ecology.
 '$#
This Ridvan Kayra’s master thesis was supported by Siirt University.

#--,315/ 86=:0 Seedling growth diameter
and seedling length were measured on six-month-old
types (Table 5). While seedling growth diameters
were showed significantly different in types, there
were no difference seedling length statistically
(p≤0.01).
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tense interest in terms of economic and environmental effects, although compared to commercial fisheries for these effects have slight in the prejudice. In
the world, 220-700 million people engaged in this
type of fishing and 11% worldwide [3].
Since RFA is a large participatory activity, the
economic potential of this recreational activity is
striking [4]. The economic benefit of RFA activity is
tourism-based. Because, in terms of tourism, RFA is
economical. This economic potential can be listed as
fishing licensing, boat rental, advertising and travel
expense [5-7].
When the ecological effect of recreational fishery is assessed, it is the effect on the population
structures of the first catching individuals. It is very
important to determine the suitability of this effective species and paint-related legal catch limits. Fishery pressure can be occur due to in the narrower areas, same period, same species and same size groups
in this angling fishery [8, 9]. In addition, the lack of
data and control of this recreational activity relative
to other commercial fisheries is an important ecological risk [10, 11].
Turkish citizens legally required for individual
entry is free, but commercial fishing license has the
obligation to obtain in Turkey. For RFA, it depends
on the desire to obtain a license and there is no obligation. Due to this legal structure, recreational fishermen may have (1) amateur fishing license, (2)
commercial fishing license, and (3) no certificate in
the marine RFA area. Therefore, the number of commercial and amateur fishermen in the official register
is too high to be comparable to the whole sample because of the fact that it expresses the total number in
the region. In this study, it provided an accurate estimate of the capacity of recreational fishery activities, thus allowing to determine the ecological impact and economic potential.

Recreational fishing activity (RFA) is one of
the primary sources that have both social and economic potential across the world. The potential of
this source was subjected to assess the effects of
RFA across Turkey and Iskenderun Bay. The 355 respondents have been surveyed personally in this
study.
According to the statistics gathered, 35.6% of
the recreational fishermen population make this activity more than 10 years. This activity was performed once a week by 35 % of respondents. The
most caught fish was sea bream (53%). While 52 %
of fishermen have no fishing license, 23% have amateur fishing license and 25 % have professional
fishing license. While 75 % of participants go fishing
as a recreational activity 33% do it for sport and 21%
for making additional income.
As a result of this study, it has been estimated
that 17,642 people in the Bay. The weekly contribution of these people to the regional economy was
(861,000 ((44,794,550.17 per year). In addition, the
potential sale for RFA supplies was (9,096,337.57.
In the study, the average daily catch of each recreational fisherman was estimated at 0.72 kg. The number of daily trip of RFA was calculated as 16.82% of
the total number of recreational fishermen, 2,967
daily trip in the region. In other words, the average
of 2,136 kg of fish have caught for per day by marine
coast recreational fishery in the region. It showed
that this size of catch amount and impact cannot be
ignored effect of recreational fishing activity for rational fishery management perspective.


"! 
Iskenderun Bay, Recreational fishing activity (RFA), Economic Potential, Ecological Effect

   



Also referred to as recreational fishing activities (RFA), Sporting, non-commercial purposes as a
hobby is a fishery [1, 2]. RFA has importance by in-

Iskenderun Bay, Eastern Mediterranean has an
important place in the ecosystem, because this bay
compared to other regions in Turkey's Mediterranean coast is much more efficient and rich in species.
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From these data, an estimated 17,642 people are engaged in RFA. This total of 3,926 persons is composed of fishermen with amateur license. There are
4,422 people in this area who have professional certificates in case they are recreational fishermen. It is
observed that a significant majority of the Iskenderun Bay has taken commercial documents in order to
be able to sail through the commercial fishing boat
in order to make RFA. Because of the legal requirement, any commercial fishing boat and only those
who have a commercial fishermen license can open
the sea [13]. This can cause both commercial and
RFA management disadvantages. Fishing can give
misleading results in fishery management because
the number of commercially is higher than real number.
The RFA number of angler and their daily activity frequency were used to evaluate the RFA fishing effort in region. In this assessment, the daily activity rate was 16.82% of the total number of anglers
(Table 1). This result was calculated to be about
2,967 people per day, based on the total number of
anglers, 17.642.

  
*'45+.#5'40(#+-:6.$'30( 3'
26'/%+'4(30.0#45+/4,'/&'36/#:
&#+-:3'%3'#5+0/#-(+4*+/)53+11'3%'/5#)'3#5+0

This area has a dynamic structure because of global
warming and Lesepsian fish species, migratory species of Indian Ocean with Suez Canal [12].
Related to RFA in the region was examined and
related state records from the Provincial Directorate
of student-future demand. However, this information
is the difference between applications in the field
with is a fieldwork was carried out [13]. The main
source of this research universe is the angling fishermen on the coast of the Iskenderun Bay, whose define themselves as non-commercial recreational fishermen. The statistical method was used randomly because randomly selected persons were active. In random sampling, people were randomly chosen and
therefore there is no systematic error. The data
needed for the research were obtained from four
main regions, namely İskenderun, Arsuz, Dörtyol
and Samandağ. These regions are the most active areas in the Eastern Mediterranean recreational fisheries. The researchers personally went to the field of
fisheries and face-to-face meetings were held.
For coastal anglers in the region, social-economic situations, budget expenditures, fishing methods and amounts of fish caught. These individuals
are raising their awareness about RFA. Also opinions and demands.
It was required that number of anglers in the region and their fishing frequency for environmental
impact and economic potential of the RFA. In Turkey, although not mandatory choice sports angling
license agreement with field sampling of public
cause of proportionality.
 

Period Groups
Two days
Weekly
Biweekly
Monthly
Bimonthly
Yearly
Total

 


Where, TRF Total Recreational Fishermen, SS
sample size RLN number of license and SRLN Number of having license in sample.
The frequency of RFA activities from each
shore was considered in five groups. This frequency
is grouped as (1) every two days, (2) weekly, (3) biweekly, (4) monthly, (5) bi-monthly and (6) yearly.




Number
70
130
63
45
27
20
355

Percentage
19.72
36.62
17.75
12.68
7.61
5.63
100

DTPR
9.86
5.23
1.18
0.42
0.11
0.02
16.82

The catch composition was presented by percent
species basis in Figure 1. Gilthead seabream (  
  , Linnaeus, 1758), Randall's threadfin bream
(  , Russell, 1986), Common pandora (  ", Linnaeus, 1758), White
seabream (  , Linnaeus, 1758), Sand
Steenbras (  ", Linnaeus,
1758), Brushtooth lizardfish (   ,
Richardson, 1848), Seabass (    !,
Linnaeus, 1758), Zebra seabream (  
, Lowe, 1838), Mullet (.), Annular seabream (  , Linnaeus, 1758),
Bluespotted seabream (  , Valenciennes, 1830), Common guitarfish (  
 , Linnaeus, 1758), Red mullet (Mullus
spp.), Bogue (, Linnaeus, 1758) Garfish
(Belone spp), Rabitfish (  .) Common dolphinfish ("   , Linnaeus, 1758),
Meagre (Sciaena spp.), Bastard grunt (   "
, Bowdich, 1825), Two-banded seabream
(  , Geoffroy Saint-Hilaire, 1817),
Gurnard (Triglia spp.), Mackerel (   
, Houttuyn, 1782), Horse mackerel (  
.), Bluefish (     !, Linnaeus,

   
 

Where DTPR daily recreational fishing trip
percentage ratio, RFN recreational fisheries number
and DT daily trip.
 
In this study, an individual questionnaire survey was conducted with 355 people, defined as sportive or amateur angling fisherman, in total. Of the
355 people who are engaged in RFA activities, 79
have amateur fishing license. The total number of
people who have amateur license holders is 3,926.
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1766) and Sardinella (  .) were the most
caught species respectively. Due to the intensity of
the Iskenderun bay species richness, the number of
species caught in coastal anglers has also been considerable. Most of the species caught have formed
coral fishes of the sparidae family such as sea bream,
common pandora, White seabream and sand steenbras. Other prominent species was Randalls Threadfin bream, which increased in stock in the region in
recent years. In fact, it has been suggested that these
species were not only effective of the density of the
species but also preferred fishing gears. Because
these fish species have usually caught with bottom
fishing tackle [14-16]. The most common and
widely used types of fishing line have simple and
compared to other fishing methods. There were prejudices that spin and surfing fishing methods from the
coast were widespread in the region, but it was understood that the result was different when it comes
to RFA catching composition and their amount [1719].

reached a considerable level of tourism and entertainment infrastructure. Those who perform this activity are evaluating 1.20 days per week for this activity. Recreational anglers pay an average daily
budget of (48.83. In this direction, RFA expenditures of 17,642 anglers are total (861,433 per week
and 44,794,550 ( per year. The per capita material
budget was approximately (178.40 per year. The estimated total figure, which is allocated to the fishing
gear area, is calculated as (9.096.337,57. This figure
has been announced in recent years due to the increase in the number of businesses that sell fishing
gear, which is increasing day by day. (In the sample
of the study, 1$ was equivalent to 2.7().
Much more

RFA experience

Ten years

Percantage Catch Amount by RFA
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The action plan for RFA to be transformed into
an important tourism activity for the regional economy in the Iskenderun Bay should be presented to
the administrators. In this action plan, the following
5 main headings should be considered together;
• RFA have economic potential for the region
• Different time and form angling competitions in the area
• National or international tourism agencies
• Effects of RFA on Fish Stocks
There has any amount of data capture related to
RFA in Turkey. In the research, fish species and
amounts of caught were evaluated by RFA angling.
The amount of fish caught per person per day was
calculated as 0.72 (± 0.11) kg. As a result of this research, a daily catch amount was estimated by using
daily catch amount and total angler number, which
was 2,136 kg of fish have caught for per day by marine coast recreational fishery in the region. Even
though this estimate cannot be regarded as a definitive result, it suggests that RFA cannot be neglected
in terms of regional ecological dynamics. An integrated fisheries management should be implemented
with activities affecting all other fish stocks in RFA
assessment.

 
'3%'/5#)'0(%#5%*#.06/541'%+'4$: +/
4,'/&'36/#:
This result has led me to believe that RFA has
not a sporting activity, but rather as a time spent with
very traditional angling in the region. This conclusion has been found to support the traditional RFA,
which was presented in Figure 2. The fishermen in
the region have been doing RFA for a long time.
Even if there have new entrants to RFA, a very
important part of these activities has making a fallacy for ten years in the region. RFA have not yet
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In this environment, different outcomes were
explained for the fact that fishery was applied for
sustainable fishery. The cost of fishing with the income of fishermen was an indication of the illegal
sales, the commercial value of the target species and
the use of professional fishing for RFA [11]. Theoretically, the possession of specialization and recreational phenomenon and motivation has increased,
but it can be under socio-economic understanding
that it can be achieved in large areas.
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tion [1]. Each of these methods has some advantages or disadvantages [2]. Of these, activated
carbon adsorption method seems to be an effective
physicochemical method to remove the metal or
dye pollution from the environment. However,
since active carbon is expensive, its use is not very
suitable for developing countries. Thus, in the adsorption method, it is generally preferred to use
effective and cheap adsorbent materials by the
researchers working on the environmental cleaning.
For this reason, the use of the cheapest adsorbents such as fly ash [1], clay [3], peat [4], pine
bark [5], biological materials (for example fungi
[6], and yeast [7] has been preferred by the researchers, recently.
A lot of researchers have broadly investigated
the removal of various dyes by using as adsorbent
the lignocellulosic agricultural waste materials
such as banana peel and peanut shell [8], wood
sawdust [9, 10], bark [11], rice straw [12], corncobs
and barley husks [13], wheat straw [14], peanut
shell [15] etc. recently.
Peanut shell (PS) which is a waste material
with low density is seen to be used as adsorbent in
dye and metal removal. The potential amounts of
peanut shell are approximately 6.49 million tons
and 24.50 thousand tons in Turkey and the world,
respectively [16]. PS is also used for adsorption
processes besides its usage in a great number of
areas as fertilizer in the agriculture, as filler for the
production of light cement, as an additive material
in the producing of plastic plaque, and as a
strengthening agent in producing of thermoplastic
composite materials [17]. For example, the modified peanut shell wastes has been used as an adsorbent for the adsorption of cadmium, copper, nickel,
lead, and zinc ions [18]. Moreover, PS has also
been used for the adsorption of some anionic and
cationic dyes. In a work done by Gong et al. [19],
PS has been utilized an adsorbent for the adsorption
of amaranth, brilliant cresyl blue, fast green FCF,
methylene blue, neutral red, and sunset yellow. In
another work, PS has been used as an adsorbent for
the adsorption of basic red 2 [20]. Any work with
regard to adsorption of Cibacron red C-2G by PS
has been not meet, so far.
In this work, therefore, the kinetics, thermo-

ABSRACT
The kinetics, thermodynamics, and isotherm
studies of the adsorption of Cibacron red C-2G (a
reactive dye) by peanut shell was performed by batch
adsorption method. The kinetics of the adsorption
obeyed best the pseudo-second order model with
high correlation coefficients between 0.998 and
0.999 for the initial dye concentrations between 10
mg/L and 150 mg/L. From thermodynamic studies,
the adsorption was of spontaneous nature. Standard
enthalpy and entropy changes of the adsorption
were positive. Adsorption isotherm obeyed the
Freundlich model. While the amounts of dye removed by peanut shell were increasing with increasing contact time, initial dye concentration and
solution temperature, it decreased with increasing
pH. Maximum percent adsorption was determined
to be between 85.64 and 91.98% under all the
experimental conditions. It was concluded that the
peanut shell pretreated with hydrochloric acid
would be used as a cheap adsorbent as an alternative to activated carbon for the removal of undesired dyes pollution.

KEYWORDS:
Adsorption, kinetics, thermodynamics, isotherm, peanut
shell, Cibacron red C-2G

INTRODUCTION
One of the aims of environmental engineering
is to provide a clean environment for life. The environment is getting dirty every day, and the polluted
environment threatens the health of humans and
animals. Environmental pollution is caused by
wastewaters from various factories such as painting, textile, rubber, paper, ink, cosmetics, metal
coating, automotive, and so on. The metal or dye
contamination caused by these factories is eliminated by using physical, chemical and biological
methods. For example, methods such as coagulation, flocculation, chemical oxidation, reverse osmosis, electrolysis, adsorption and biological treatments are used to remove metal or dye contamina-
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1/ (q2 ± qt ) = 1/ q2 + k2 t
(6)
If Eq. (6) is rearranged, a linear equation is obtained (Eq. 7).

dynamics, and isotherm of the adsorption of Cibacron red C-2G by PS was investigated using
batch adsorption method. Moreover, the effects of
initial dye concentration, contact time, temperature
and solution pH on the adsorption were investigated. Kinetics, thermodynamics, and isotherm theories are described in the following, respectively.
In order to describe the adsorption mechanism,
a few kinetic models have been developed by the
scientist. These models are mentioned below, respectively.
(a) The pseudo-first-order kinetic model proposed by Lagergren [21]: This kinetic model has
been developed based on solid capacity in liquid/solid adsorption system, and it is expressed as
in Eq. (1).
dqt / dt = k1 (q1 í qt )

t
qt

If Eq. (1) is integrated for the boundary conditions from t = 0 to t = t, and from qt = 0 to qt = qt,
Eq. (1) is converted to Eq. (2)
(2)

If Eq. (2) is rearranged, a linear equation is obtained (Eq.3)

Log (q1 - q t ) log q 1 -

k1
t
2.303

qt = ki t1/2 + C

Kc = Cads / Ce

'Go = -RT ln Kc
ln Kc = -'Hoads / RT + 'So/ R

(8)

(9)
(10)
(11)

where, 'Go, is Gibbs free energy change, 'Ho
is standard enthalpy change, 'So is standard entropy
change, and Kc is the equilibrium constant of the
adsorption. R is the ideal gas constant. Cads and Ce
are the concentrations of adsorbate adsorbed on the
adsorbent and remained in solution in the equilibrium time (mg/L), respectively. T is absolute temperature in Kelvin. Kc and 'Go can be calculated from
Eqs. (9) and (10), respectively. Eq. (11) is known as
YDQ¶W+RIIHTXDWLRQ The slope and intercept of the
linear plot of ln Kc against 1/T are equal to -'Hoads /
RT and 'So / R, respectively. 'Hoads and 'So can be
determined from these equations, respectively.
The equilibrium data obtained in an adsorption
process are fitted to adsorption isotherm models
developed by the scientist. Although various isotherm models are present, the Freundlich and

(4)

If Eq. 4 is rearranged, Eq. 5 can be obtained
dqt / (q2 í qt )2 = k2 dt

(7)

where the ki indicates the rate constant of the
intra-particle diffusion (mg/g min1/2), and it is obtained from the slope of the plot of qt vs t1/2. The C
is obtained from the intercept of the plot, indicating
boundary layer thickness between adsorbent and
adsorbate molecules.
Thermodynamic parameters, 'Go, 'Ho, and
o
'S , Kc, of the adsorption process are determined
from Eqs. (9-11) [25-27].

(3)

where, k1 is pseudo-first order rate constant
(miní1). qt is the amount of adsorbate adsorbed
p e r unit adsorbent any time (mg/g), q1 is the
m a x i m u m amount of adsorbate adsorbed p e r
unit adsorbent at t h e equilibrium time (mg/g).
Namely, q1 indicates the capacity of adsorbent. t
indicates contact time (min). The plot of log (q1 í
qt) against t should be linear. The intercept and
slope of the plot are equal to Log (q1) and (-k1 /
2.303), respectively. If the q1 value obtained from
the intercept is not to equal experimental value of
qe, the reaction is not consistent with the first-order
kinetic model, even the plot has high values of
correlation coefficients.
(b) The pseudo-second order kinetic model
proposed by Ho [22,23]: This kinetic model has
been developed on solid phase sorption, and it can
be given as in Eq. (4).
dqt / dt = k2 (q2 í qt )2

1 1

t
h q2

where, the k2 indicates rate constant for the
pseudo-second order kinetic model (g/mg min).
The qt is the amount of adsorbate adsorbed per unit
o f adsorbent at any time (mg/g). T h e q2 is the
m a x i m u m amount of adsorbate adsorbed per unit
o f adsorbent at equilibrium (mg/g). In Eq. (7),
t h e h is equal to k2 q2 2 , indicating the initial adsorption rate. The plot of t/qt vs t should be linear.
The slope and intercept of the plot are equal to 1/q2
and 1/h, respectively. For compatibility with this
model, the value of q2 obtained from the slope of
this plot should be equal or close to the value of the
experimental qe besides a high correlation coefficient value.
(c) The intra-particle diffusion model proposed by Weber and Morris [24]: This model is
given as follows

(1)

Log (q1 / (q1 ± qt ) = (k1 / 2.303) t
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(5)

Integrating Eq. (5) for boundary conditions
t = 0 to t = t and qt = qt, Eq (6) is obtained
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Langmuir isotherms a r e used commonly.
Equations of linearized Freundlich and Langmuir
adsorption isotherms [28,29] can be expressed as in
Eqs. (12) and (13), respectively.
(12)
ln qe = ln KF + 1/n ln Ce
(13)
Ce/qe = 1/qLbL + Ce/qL



where the qe is the amount of dye adsorbed at
equilibrium time (mg/g), the Ce is the equilibrium
concentration of dye remained in solution (mg/L)
at equilibrium time. The KF and n are the Freundlich isotherm constants, which indicate the capacity and intensity of the adsorption, respectively. The
qL is the Langmuir adsorption capacity, and the bL is
the Langmuir isotherm constant indicating the energy of the adsorption.

MATERIALS AND METHODS

C0  Ct V
m

(14)

where, t h e qt indicates the amount of dye
adsorbed per unit of adsorbent at time t (mg/g).
T h e C0 is the initial dye concentration. The Ct is
concentrations of dye remained in solution at
time t (mg/L). m is the mass of adsorbent used
(g), and th e V indicates the volume of the dye
solution used (L). In the case of the equilibrium,
the qt and Ct are expressed as the qe and the Ce,
respectively.

RESULTS AND DISCUSSION

Pre-treatment of PS. The adsorption capacity
of PS was too low. Thus, the powdered PS was pretreated with HCl for 5 min. After the treatment, PS
was filtered and washed, and then dried in an oven
at 60°C for 24 h.

Determination of the equilibrium period.
To determine the equilibrium period of an adsorption process is important for kinetics, thermodynamics, and isotherm studies. Therefore, with aim
of determination of the equilibrium period of the
adsorption of Cibacron red C-2G by PS, the experiments were done at different contact times for
various concentrations, temperature and pHs. A
rapid increase was observed in the first minute
under all experimental conditions. After this
time, a gradual increase in the adsorption continued to an equilibrium period. The equilibrium time
was determined as 5 min for 10 and 20 mg/L initial
concentrations, 75 min for 50, 75, and 100 mg/L
initial concentrations, and 300 min for 150 mg/L
initial concentration.

Adsorbat. Cibacron red C-2G (it is also
known as Reactive Red 228) was provided from
+XQVWPDQ )LUP E\ PHDQV RI .LSDú Textile factory
LQ .DKUDPDQPDUDú FLW\ LQ 7XUNH\. It was utilized
directly without further purification. The dye has a
peak at 516 nm wavelength on UV-Vis spectrophotometer. Chemical structure of this dye has been
protected by manufacturer firm. Some of its physical properties [30] are presented in Table 1.
TABLE 1
Some physical properties of Cibacron red C-2G

Color
Reactive group number
Solubility in water at 30qC

Methods. First, the stock solution of 500
mg/L of Cibacron red C-2G was prepared with
distilled water. Then the desired concentrations
were prepared from the stock solutions. The pHs of
the solutions were adjusted using 0.1 N HCl and
NaOH solutions by a pH meter. For the adsorption
experiments, a temperature-controlled shaking
water bath was used. The experiments were
performed by shaking 0.25 g PS with 50 mL
Cibacron red C-2G solution at various
concentrations, temperatures and pHs for different
contact times. Samples were taken from shaking
bath at different times, and then centrifuged for 5
min at 5000 rpm. After centrifuged, the supernatants were analyzed for the final concentration of
Cibacron red C-2G at 516 nm by an UV-Vis spectrometer. The amounts of Cibacron red C-2G adsorbed by PS were calculated from Eq. (14).

qt

Adsorbent. PS used as an adsorbent was provided from agricultural areas. After it was washed
for the removal of soil and dusts, it was dried in an
oven. The dried PS was crushed into powder. Then
the powdered PS were sieved using a molecular
sieve of 100-mesh. The chemical component and
elemental analysis results are given in our previous
work [20]. According to the chemical analysis results, the component of PS consists of 32.80% lignin, 45.30% cellulose, 8.10% hemicellulose, 4.90%
protein, 2.30% ash. According to the elemental
analysis results, PS includes 41.53% C, 5.551% H,
2.126% N, 0.245% S.

Common name
C.I. number
Commercial name
Chemical describe
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Kinetics study. Adsorption kinetics of Cibacron red C-2G by PS was investigated according
to three models used commonly, which are the
pseudo-first order, the pseudo-second order, and the
intra-particle diffusion models. Kinetic studies were
performed for all the initial concentrations at 40qC
and pH 3. All the kinetic data obtained are given in
Table 2.

Cibacron Red C-2G
0840949
Novacron red C-2G
Mixture of dyes with
monoazo group
Red
3
100 g/L
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TABLE 2
Kinetic parameters of the adsorption of Cibacron red C-2G by PS at different concentrations
Co
(mg/L)

qe
(exp)

10
20
50
75
100
150

1.78
3.54
8.93
13.73
18.39
26.51

Pseudo-first order model
k1
r2
qe
(mg/g)
(min-1)
0.166
0.306
2.414
1.987
3.750
7.851

0.632
0.556
0.091
0.055
0.058
0.018

0.939
0.943
0.952
0.944
0.957
0.905

Pseudo-second order model
k2
qe
r2
(g mg-1
(mg/g)
min-1)
7.216
1.810
0.999
3.538
3.584
0.999
0.129
9.025
0.998
0.133
13.77
0.999
0.085
18.48
0.999
0.012
26.67
0.999

Intra-particle diffusion
k1
r2
(mg/gmin2)
0.063
0.128
0.284
0.321
0.590
0.817

0.994
0.996
0.869
0.806
0.840
0.749

C

1.65
3.20
6.85
11.36
14.05
15.93

FIGURE 1
Pseudo-second order plots of the adsorption of Cibacron red C-2G by PS.

are given in Figure 1. This situation may be
p r o b a b l y attributed to a chemical activation
between Cibacron red C-2G molecules with the
functional groups of PS. Similar results have also
been obtained for the adsorption of reactive red
228 (i.e. Cibacron red C-2G) by modified cellulose
from flax shive [26] and for the adsorption methylene blue onto Jackfruit peel [31].
Finally, due to mass transfer effects, the
plots of qt vs t for the intra-particle diffusion
exp r e ss ed in Eq. ( 8) were drawn. The values
of r2 from linear regression analysis of the plots
obtained were determined to be between 0.806 and
0.996 for 10 and 150 mg/L initial concentrations.
The rate constants, ki, for the intra-particle diffusion
model were found to be between 0.063 and 0.817
(mg g-1 min-2). Also, it was seen that the C values
increased with an increase in the initial concentration of the dye. The plots for the intra-particle
diffusion model are not shown because of low
correlation coefficients (except for 10 and 20
mg/L initial dye concentrations).

Firstly, the plots of log (q1-qt) against t for the
pseudo-first order kinetic model given in Eq. (3)
were drawn. The values of correlation coefficients,
r2, were determined to be between 0.9056 and
0.9574 from the linear regression analysis of the
plots for all the initial concentrations between 10
and 150 mg/L. It was determined that the values of
the k1 were found to be between 0.018 and 0.632
(min-1).
Secondly, the plots of t/qt against t for the
pseudo-second order kinetic model in Eq. (7) were
drawn. From linear regression analysis obtained,
the values of the k2 were found to be between 0.012
and 7.216 (g mg-1 min-1). The r2 values were determined to be between 0.9998 and 0.9999 for the
initial concentrations of 10 and 150 mg/L. The r2
values from the pseudo-first and-second order
models were high. The values of t h e o r e t i ca l q1
from t h e pseudo-first order kinetics model are not
in agreement with the experimental qe (see Table 2),
thus the adsorption does not obey this model.
Therefore, these plots are not given. The q2 values
from the pseudo-second order kinetic model were
seen to be in consistent with experimental qe.
Therefore, it can be said that the adsorption process
follows the pseudo-second order kinetics. The plots
obtained for the pseudo-second order kinetic model

Thermodynamics Study. The vDQ¶W +RII
graph of the adsorption process is given in Figure 2.
The thermodynamic parameters obtained for the
adsorption of Cibacron red C-2G onto PS are given
in Table 3.
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FIGURE 2
vDQ¶W+RIIJUDSKRIWKHDGVRUSWLRQRI&LEDFURQUHG&-2G by PS.

FIGURE 3
Freundlich isotherm of the adsorption of Cibacron red C-2G by PS.
determined as 2.998 kJ/mol. This value indicates
probably a physical adsorption. Because, if the heat
of an adsorption process is under 10 kcal/mol, it
LQGLFDWHVDSK\VLFDODGVRUSWLRQ>@7KHǻ6YDOXH
was found as 27.28 J/molK. Similar thermodynamic
results have also been found for the adsorption of
malachite green by modified orange peel [33].

TABLE 3
Thermodynamic parameters of the adsorption of
Cibacron red C-2G by PS
Temperature
(°C)
20
30
40
50

Kc

ǻ*
(J/mol)

ǻ+
(J/mol)

ǻ6
(J/mol
K)

7.75
8.14
8.39
8.71

-4988
-5282
-5535
-5812

2998

27.28

Isotherm Study. According to isotherm analysis results, it is seen that the plot of Ce/qe against
Ce is contrary to the Langmuir model. However, the
isotherm is in harmony with the Freundlich model.
The Freundlich isotherm is shown in Figure 3. The
values of KF and n were calculated from the intercept and slope of the plot of ln qe against ln Ce,
respectively.

As seen in Table 3, the negative ǻ*YDOXHVDW
different temperatures indicate the spontaneous
adsorption. As VHHQ LQ WKH VDPH WDEOH WKH ǻ*
values decrease with an increase in the temperature.
This situation indicates more favorable adsorption
with rising temperature. The vDOXH RI ǻ+ ZDV
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FIGURE 4
Effect of initial dye concentration on the adsorption of Cibacron red C-2G by PS.

FIGURE 5
Effect of initial pH on the adsorption of Cibacron red C-2G by PS.

centrations. For instance, while the amounts of
Cibacron red C-2G adsorbed onto PS are 1.71 mg/g
(85.06 %) and 3.38 mg/g (84.57%), 6.64 mg/g
(66.45 %), 10.84 mg/g (72.27 %) and 13.38 mg/g
(66.93 %), and 12.52 mg/g (41.75 %) for 10, 20,
50, 75, 100, and 150 mg/L initial concentrations at
1 min, the maximum adsorption is determined as
1.78 mg/g (89.41%), 3.54 mg/g (88.52 %),
8.935.mg/g (89.35 %), 13.73 mg/g (91.54 %) and
18.39 mg/g (91.98 %), and 26.51 mg/g (88.38 %) at
the equilibrium times, respectively. A similar result
has been obtained for the adsorption of remazol
orange RGB by PS [15]. The fact that the high
adsorption occurs for the first minutes indicates a
very high interaction between Cibacron red C-2G
molecules and functional groups on the surface of
PS. A similar situation has been recorded for the
adsorption of basic red 2 onto peanut shell [20].

The values of KF and n were estimated as
2.60 mg/g and 6.18 g/L under concentration conditions studied, respectively. The r2 value for the
Freundlich isotherm was found as 0.947. The fact
that the adsorption is a harmony with the Freundlich isotherm indicates a randomness adsorption of
the dye molecules on PS surface. A similar result
has been found for the adsorption of Congo red
onto fly ash [1].
Effect of initial dye concentration on adsorption. Effect of initial dye concentration on the
adsorption of Cibacron red C-2G by PS was studied
for six initial concentrations between 10 and 150
mg/L at pH a n d 40°C. The results obtained are
illustrated in Figure 4.
As seen in Figure 4, it is clear that a rapid adsorption occurs within 1 min for all the initial con-
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FIGURE 6
Effect of temperature on the adsorption of Cibacron red C-2G by PS.

ture from 20 from 50ºC. For example, while the
amounts of Cibacron red C-2G adsorbed onto PS is
6.855.mg/g (68.55 %), 5.601 mg/g (56.01 %), 6.645
mg/g (66.45 %), and 8.167 mg/g (81.67%) for the
temperatures of 20, 30, 40, and 50°C at 1 min, the
maximum adsorption is determined as 8.857 mg/g
(88.57%), 8.906 mg/g (89.06 %), 8.935 mg/g
(89.35 %), and 8.97 mg/g (89.70 %) at the equilibrium time, respectively. The cause of the fact that
the adsorption is more favorable in higher temperature may be probably ascribed to increasing thermal
movements of dye molecules. A similar result has
been obtained for the adsorption of remazol red 198
by olive pomace [34].

Effect of initial pH. The effect of initial pH
on the adsorption of Cibacron red C-2G by PS
was studied at pH values of 3, 5, 7 and 9 for of 50
mg/L initial concentration at 40°C. In pH effect, as
seen in the initial dye concentration effect, a very
high interaction between Cibacron red C-2G and PS
was seen. The results obtained are illustrated in
Figure 5.
From this figure, it is clear that a high adsorption occurs within 1 min for all the pH values, and
thereafter a gradual increase in the adsorption of
dye continuous to 75 min. For instance, while the
amounts of Cibacron red C-2G adsorbed onto PS
6.645.mg/g (66.45 %), 7.386 mg/g (73.86 %) and
7.361 mg/g (73.61%), and 6.533 mg/g (65.33 %),
for pH values of 3, 5, 7, 9 at 1 min, the maximum
adsorption is obtained as 8.935.118 mg/g (89.35%),
8.798 (87.98 %), 8.917 mg/g (89.17%), and 8.564
mg/g (85.64 %) at the equilibrium time, respectively. From these values, it is seen that the adsorption
decreases with an increase in pH from 3 to 9. The
fact that the most adsorption occurs at pH 3 indicates that the surface of PS has become more
positive, and more interaction of positively
charged PS particles with negatively charge dye
molecules. A similar result has been reported for
the adsorption of remazol orange RGB by PS [15].

CONCLUSIONS
In this study conducted to remove dye pollution from environment, agricultural peanut shell
wastes were utilized successfully as an adsorbent
for the removal of a negatively charged dye, Cibacron red C-2G. The isotherm, kinetics and thermodynamics studies of the
Adsorption were performed by using batch adsorption technique. Kinetics and isotherm of the
adsorption obeyed the pseudo-second order and
Freundlich models. From thermodynamic results,
Gibbs free energies of the adsorption were negative,
and the process was of spontaneous nature. Standard enthalpy and entropy changes of the adsorption
were positive. Moreover, while the amounts of the
dye adsorbed by peanut shell increased with increasing contact time, initial dye concentration and
solution temperature, it decreased with increasing
pH. The maximum dye adsorption was determined
to be 91.98% under all the experimental conditions
studied. From the results of the experiments, it was

Effect of temperature. The effect of temperature on the adsorption of Cibacron red C-2G b y
P S was investigated at four temperatures between
20 and 50oC for 50 mg/L initial concentrations at
pH 3. The results are graphed in Figure 6.
A high adsorption of Cibacron red C-2G occurs within 1 minute for all the temperatures as
seen in the initial dye concentration and pH effects,
and then a gradual rise in adsorption maintains to
the equilibrium time of 75 min. The adsorption was
observed to rise with in an increase in the tempera-
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[11] Morais, L.C., Freitas, O.M., Gonçalves, E.P.,
Vasconcelos, L.T., González Beça, C.G. (1999)
Reactive dyes removal from wastewaters by
adsorption on eucalyptus bark: variables that
define the process. Water Research. 33(4), 979988.
[12] Gong, R., Jin, Y., Sun, J., Zhong, K. (2008)
Preparation and utilization of rice straw bearing
carboxyl groups for removal of basic dyes from
aqueous solution. Dyes and Pigments. 76(2),
519-524.
[13] Robinson, T., Chandran, B., Nigam, P. (2002)
Effect of pretreatments of three waste residues,
wheat straw, corncorbs and barley husks on
dye adsorption. Bioresource Technology. 85,
119-124.
[14] Robinson, T., Chandran, B., Nigam, P. (2002)
Removal of dyes from s synthetic textile dye
effluent by biosorption on apple pomace and
wheat straw. Water Research. 36, 2824-2830.
[15] Samil, A., Acemioglu, B., Gültekin, G., Alma,
M.H. (2011) Removal of remazol orange RGB
from a solution by peanut shell. Asian Journal
of Chemistry. 23(7), 3224-3230.
[16] Celik, C. and Gürdal, E. (2005) Usage possibilities of of peanut shell as aggregate. ITU
journal/A, architecture, planning, design. 4(1),
37-46øVWDQEXO (in Turkish).
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concluded that peanut shell would be utilized as a
cheap and potential adsorbent for the removal other
dyes besides Cibacron red C-2G. The results of this
study will provide an important insight for environmental and sanitary engineers.
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ABSTRACT

INTRODUCTION

Tomato (Solanum lycopersicum L.), is one of
the widely grown vegetable crop throught the world.
The bacterium, Pseudomonas syringae pv. tomato
(Pst), causes bacterial speck disease on tomatoes.
Several control strategies are performed for disease
management. As a strategy, bacteriophages, are natural enemies of bacteria and extremely specific to
their targeted hosts without affecting any other bacteria. In this study, isolation of Pseudomonas syringae pv. tomato-lysing bacteriophages, potential of
bacteriophages as biological control agents and efficacy of phages on other tomato infecting and saprophytic bacteria were investigated. Samples of tomato
plants with typical symptoms of bacterial speck disease were collected from 17 tomato fields, 12 greenhouses and four nurseries in Adana and Mersin provinces in the Eastern Mediterranean Region of Turkey. The plaques (inhibition zones) were observed
after 36 hours of incubation, and 47 putative bacteriophages were purified. Among the obtained bacteriophages, phage PH 33 isolate was completely (100
%) suppressed the growth of pathogen and increased
the germination rate by %14.6, whereas the phage
PH 34 was suppressed the pathogen by 65.8 % and
increased the germination rate by 21.6 %. These
phages (PH 33 and PH 34) had no inhibition effect
on the other tomato bacterial diseases and the saprophytic bacterial flora on tomatoes. Both bacteriophages were specific to Pseudomonas syringae pv.
tomato. To our knowledge, this is the first detailed
study about isolation of bacteriophages against Pst
and efficacy of bacteriophages for biocontrol of Pst
in Turkey.

Tomato is one of the most grown and consumed
vegetable crops all over the world including Turkey.
Tomatoes were produced around 177 million tonnes
and Turkey is the fourth biggest country with an estimated production quantity of 12 million tonnes per
year [1]. Tomato bacterial speck, Pseudomonas syringae pv. tomato, remains a constant threat to tomato commercial production in Turkey. Yield reductions can result from defoliation, flower abortion and
fruit damage [2]. The damages caused by the bacterium can be devastating in nurseries, greenhouses
and fields during warm and humid conditions. Tomatoes are mostly grown under plastic covered
greenhouses in Turkey. Thus, the pathogen can rapidly spread in such greenhouses under favorable conditions. Management of several plant bacterial diseases is quite difficult due to different bacterial populations, high mutation rates and resistance genes in
bacteria. The best appropriate control strategy in integrated disease management is the combination
with cultural practices [3]. Since the pathogen is
seed-borne and widespread, selection of pathogen
free seeds must be the first step for tomato production.
Several physical and chemical seed treatments
were employed to reduce or eliminate pathogen from
seeds [4, 5]. In several countries including Turkey,
copper-mancozeb combinations are widely used in
disease control. But, the combination is ineffective
when the weather conditions like high humidity is
available for disease development. Unfortunately,
chemical applications do not always effectively reduce bacterial speck severity [6]. For decades, heavy
use of copper compounds have lead to reduction in
copper sensitivity of bacterial populations [7]. Although streptomycin is registered for speck management during transplant production in some regions
[8], antibiotics are not registered for plant health in
Turkey. Therefore, alternative disease control strategies are needed that result in high disease suppression and yield responses.
Biological control of several plant pathogens is
eco-friendly, non-hazardous and safe. They are
wide-spread in nature and easy to reproduce in short

KEYWORDS:
Pseudomonas syringae pv. tomato, disease management,
bacteriophage, seed treatment

9366

© by PSP

Volume 27 ± No. 12A/2018 pages 9366-9373

SHULRGV7KDW¶VZK\VFLHQWLVWVIRFXVHGRQSRWHQWLDO
use of phages in integrated disease management.
Bacteriophages for therapy were used first in human
diseases (medical field area) and then food-borne
and plant bacterial diseases (food and agricultural
area) [3]. Several reviews have been published and
discussed on the possibilities of phage using in plant
health [9, 10, 11]. Till now, bacteriophages were effective againgst plant pathogenic bacteria including
Xanthomonads [12, 13, 14, 15], Pseudomonads [16],
Pectobacterium carotovorum [17] and Erwinia amylovora [18].
The bacteriophage mixture, developed from diverse host bacterial strains (AgriPhage, OmniLytics,
Salt Lake City, UT), improved disease suppression
of Xanthomonas vesicatoria causal agent of tomato
bacterial spot disease and total weight of extra-large
fruit as compared to copper bactericides. In Turkey,
bacteriophages are not registered in planth health.
Saygili and Erkan [19] run a project to isolate bacteriophages against three different tomato bacterial
pathogens including Pst, Xanthomonas vesicatoria
and Clavibacter michiganenesis subsp. michiganensis. Since then, no project run or a paper published
about bacteriophages over 30 years.
The aims of this study were (1) isolation of bacteriophages against Pseudomonas syringae pv. tomato, (2) purification of bacteriophages, (3) seed
treatments with bacteriophages, (4) efficacy of selected phages on other tomato bacterial pathogens
and saprophytic bacteria isolated from tomato plants
in Turkey.

Fresenius Environmental Bulletin

stems, leaves and fruits. The samples collected during 2015 till 2016 growing seasons from greenhouses, nurseries and fields. Flasks with NYGB
were inoculated with Pst strain 6112. Inoculum density was measured using a spectrophotometer (3.3
×108 cfu mL- O.D600=0.2). Each 10 g of plant tissues
were disinfected, suspended in sterilized water and
kept at 4 °C for 24 h to get plant weep. Suspensions
were centrifuged at 4000 g for 15 min to remove
plant debris. The supernatant was treated with chloroform (10% v/v) and shaked at 150 rpm for 4 h.
Each aliquots of suspension and Pst (1 mL) were pipetted onto petri dishes (90 mm in diameter) and autoclaved and cooled to 48 °C NYGA medium were
mixed with bacterial suspension by swirling. When
the medium solidified, petri dishes incubated at 25
°C for two days. Clear or turbid plagues were recorded as lysis zones of positive reactions. Phage isolates were visually characterized based on plaque
size and width of halos surrounding the plaques. For
bacteriophage purification, 100 mL NYG Broth containing flasks were autoclaved for each plagues and
suspended with 48 h old Pst culture. All flasks was
shaked at 150 rpm for 24 h for pathogen growth. A
day later, plagues that have different form and size
were cut with a flame sterilized scalpel and transferred to Pst containing flasks and shaked for additional 24 h at 150 rpm. One flask was used for each
plague. At the end of this procedure, the mix was
clear and pellet was precipitated. The supernatant
was centrifuged at 4000 g for 10 min and transferred
to a centrifuge tube (5 mL), treated with chloroform
(10% v/v) for 20 min. Two-10 fold dilutions of
freshly prepared Pst suspension was prepared and
100 μl of each was pipetted to a 14 mL NYGA containing glass tubes at 48 °C and vortexed for 10 seconds and poured to steril plates (90 mm in diameter).
Plates kept for 2 h to dry under room conditions in a
laminar flow. When the media solidified, 100 μL of
each plagues were pipetted to the center of plate and
gently spreaded using a flame sterilized glass rod.
All plates incubated at 27 °C for 48 h and the homogenous plagues were visualised. This purification procedure was resumed until uniform plague growth in
plates. Phage titer was determined by plating of 100
μL of purified phage suspensions and 100 μL of the
bacterial suspension in NYGA medium as described
above. After incubation for 24 h, phage concentration was calculated according to the formula for bacterial enumeration as plague forming units per ml
(PFU mL-1) [22]. These purified and high titre
plague suspensions (108 PFU mL-1) were stored at 4
°C for further studies.

MATERIALS AND METHODS
Bacterial strains and Media. Bacterial strain
Pst 6112 was used both in vitro and in vivo tests.
Strains were maintained in nutrient broth (NB) supplemented with 30% glycerol at -20 °C. During the
experiments the bacterial strain were subcultured on
.LQJ¶V0HGLXP%[20] and incubated at 25 °C for 48
h. The media nutrient yeast glycerol agar, NYGA
(peptone 5 g, Yeast Extract 2 g, glycerol 20 mL,
Agar 10 g and deionized water 1000 mL) and NYGB
were used for bacteriophage detection and propagation [19].
Collection of the Diseased Plants. Bacterial
speck infected plants were collected from Adana and
Mersin provinces in the Eastern Mediterranean region of Turkey. Thus, disease infected 17 fields, 12
greenhouses and 4 commercial nurseries were surveyed to receive samples.

Improvement of highly virulent Pst strain.
Before seed treatments, the virulence impact of pathogen Pst strain 6112 is enhanced by spraying 108 cfu
ml- bacterial suspension to tomato seedlings cv.
Astona at the 5 true leaves stages. Seedlings were
kept at 27 °C and 80% humidity for ten days under

Isolation and purification of Bacteriophages.
The methodology developed by Saygili & Erkan
[19]; Civerolo [21]; Balogh et al., [12] was used for
bacteriophage isolations. Bacteriophages were isolated from above-ground parts of tomatoes like
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treatments was evaluated using the Abbott formula
(the number of cotyledons with speck symptoms in
control - the number of cotyledons with speck symptoms in seed treatments/ the number of cotyledons
with speck symptoms in control*100).

chamber room conditions. Ten days later, re-isolations were performed from chlorotic and necrotic
symptoms and cream, floresan type colonies were
purified. The purified colonies were induced a hypersensitive reaction on tobacco leaves and preserved in YDCA medium containing glass tubes for
further studies and microcentrifuge tubes including
nutrient broth and 30% glycerol (v/v) for long term
preservation.

In-vitro efficacy of highly lytic bacteriophages on other tomato bacterial pathogens. Two
highly lytic bacteriophages were selected to test in
vitro against other tomato bacterial pathogens.
Clavibacter michiganensis strain YA-12, Xanthomonas vesicatoria strain YA-623, Pectobacterium carotovorum strain YA-502, Pseudomonas viridiflava
strain YA-25 and Pseudomonas corrugata strain
YA-26 isolated from tomatoes grown in Adana
Province in different years were used. Bacterial
strains were grown on KB and incubated at 25 °C for
48 h. To prepare bacterial inoculums, each suspension was generated in saline buffer (NaCI 0.85%)
and the concentrations were adjusted to A600:0.2
OD with a spectrophotometer (Shimadzu UV-12001, North America). The bacterial suspensions were
ten-fold serially diluted with saline buffer and 100
μL aliquots were spread onto KB. The concentrations of the bacterial inoculums were estimated to be
around 108 CFU mL-1 and these concentrations were
used in vitro. Each aliquots of suspension and high
titre bacteriophages (1 mL) were pipetted onto petri
dishes (90 mm in diameter) and sterilized and cooled
to 48 °C NYGA medium were mixed with suspensions by swirling. When the medium solidified, petri
dishes incubated at 27 °C for two days. Clear or turbid plagues were recorded as lysis zones of positive
reactions.

Seed treatments of potential bacteriophages.
Tomato seeds cv. Petek112 (Petektar Tohumculuk,
Aksu, Antalya) were provided as untreated with
chemicals. The seeds were immersed into 100 ml of
Pst strain 6112 suspension (3.3x 108) for 30 min at
200 rpm and filtered through double-layered cheesecloth to get rid of bacterial residues. Seeds were
dried at room temperature (25 ± 2°C) for 24 h and
divided into three lots (50 seeds/lot). Amount of 155
tomato seeds were used as negative controls. Due to
the number of isolated phages and to reduce work
load, experiments were conducted as four individual
trials run in September, October, November and December, 2016. Every trial, each 150 pathogen treated
tomato seeds were immersed into high titre bacteriophages (10 mL) (108 PFU mL-1) and shaked at 150
rpm for 30 min, dried overnight and each lot was
sown in plastic pots (17 × 28 cm, height × diameter)
containing sterile soil. The pots were kept under climatic room conditions with the following conditions: 21±23°C, 60% humidity, and 16 h of light alternating with 8 h of darkness. After seed germinations cotyledons were daily controlled and ten days
after germinations, each cotyledon was examined for
speck symptoms.

In-vitro efficacy of highly lytic bacteriophages on saprophytic bacteria. The saprophytic
bacteria were isolated from symptomatic tomato
plants collected during study and tomato seeds (H2224 and cv. Petek112). Each one g of tomato seeds
and 10 g of plant materials (stem, leaves, petioles
and flowers) were individually macerated in sterilized mortar. Crushed seed particles were transferred
to sterile saline buffer (9 mL) containing glass tubes
and plant materials to a new flask with 90 mL sterile
saline buffer. Samples were shaked on a shaker at
150 rpm for 3 h. The suspensions were ten-fold serially diluted with saline buffer and 100 μL aliquots
were spreaded onto KB using a flame sterilized glass
rod. All plates were incubated at 25 °C for two days.
Typically grown different colonies were purified and
suspension of each was injected to tobacco leaves
(Nicotiana tabaccum cv. Samsun) for hypersensitive
reaction. A day later, hypersensitive reaction induced strains were discarded. Efficacy of bacteriophages on saprophytic bacteria in petri dishes were
tested as described above. The phage sensitivity of
bacteria was confirmed by means of the zone of
clearance.

Experimental Design and Statistical Analysis. For bacterial speck seedling transmission, Disease Incidence (DI) (number of seedlings displaying
Pst symptoms divided by the number of seedlings
that germinated × 100) was recorded. The scale 0-3
(0= symptomless seedling, 1= one speck on cotyledon, 2= 2-3 speck on cotyledon and 3= 4 and more
speck on cotyledons) is used for estimating disease
severity (DS) [23] (Yunis et al., 1980). Disease severity% and biocontrol efficacy of bacteriophages %
were calculated with the formulas as follow: Disease
VHYHULW\   > QXPEHURIGLVHDVHGOHDYHVLQHDFK
grade × grade)/(total number of leaves investigated
× the highest disease index)] × 100 and Biocontrol
efficacy (%) = [(incidence rate in the control ± incidence rate in the bacteriophage ± treated group)/incidence rate in the control] × 100.
The seeds subjected to various seed treatments
were randomly placed in a growth chamber. The experimental design was completely randomised with
three replicates, and each replicate consisted of fifty
seedlings. Data from each pot was combined and the
entire experiment was analyzed by analysis of variDQFH $129$  DW 3 7he efficacy of
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significantly wide ranged disease incidence (0% to
70%) and severity (from 0% to 46%) compared with
control (95.6% and 55.8%, respectively (Table 2).
PH 33 was highly effective in suppressing disease
development with no disease symptoms. This result
clearly showed the biocontrol potential of PH 33
against bacterial speck of tomato plants. Furthermore, germinations were induced from 3.6% (PH
46-b) to 21.1% (PH 34) in phage treated seeds. However, four out of fifteen phages were in the same statistical group with control and regarded as ineffective in disease suppression.

RESULTS
Isolation and purification of Bacteriophages.
From disease infected tomato plants, 47 bacteriophages were isolated and purified. Of them, 20 out
of 47 phages were isolated from the fields in Adana
county and the remaining were isolated from greenhouses in Mersin Province. No phages were isolated
from the samples provided from nurseries due to
heavy copper treatments.
Efficacy of 10 bacteriophages on Pst suppression. When the seeds were treated with ten individual bacteriophages, the incidence and severity of
Pst were suppressed from 6.2% to 39.1% and from
8.6% to 51.4%, respectively (Table 1). Additionally,
phage treatments were induced seed germinations
among 8.6% and 19.7%. While phage PH 17 was
highly reduced disease occurrence, PH 10 was increasingly stimulated seed germination.

Efficacy of 14 bacteriophages on Pst suppression. In this trial, however, seven bacteriophages displayed no statistically significant differences between treatments, the remaining phages reduced the disease incidence and severity up to 35.8%
and 44.3%, respectively (Table 3). Although PH 40
exhibited the highest disease reduction and differ
from other treatments statistically significant, PH 3
was stimulated seed germinations up to 28.2%.

Efficacy of 15 bacteriophages on Pst suppression. Seedlings treated with phages displayed

TABLE 1
Efficacy of seed treatments of ten phages evaluated by disease incidence, severity and germination
Phages
PH 17
PH 11
PH 41
PH 14
PH 29
PH 10
PH 25
PH 9
PH 27
PH 26
Control

Disease incidence
(%)
58.2 d
75.6 c
79.2 bc
79.4 bc
81.8 bc
82.8 bc
87.1 b
88.3 b
88.5 b

Efficacy
(%)
39.1
20.8
17.0
16.9
14.1
13.1
8.9
7.5
7.3

Disease severity
(%)
27.0 d
45.0 bc
38.5 c
44.8 bc
42.9 bc
40.9 bc
41.2 bc
47.0 abc
43.0 bc

Efficacy
(%)
51.4
19.4
31.1
19.9
23.1
26.6
26.3
15.6
22.9

Seed germination
(%)
76.7 ab
79.6 a
77.5 ab
78.8 ab
78.2 ab
82.7 a
74.2 ab
71.7 ab
78.9 ab

Efficacy
(%)
13.4
16.5
14.2
18.6
15.0
19.7
10.5
7.4
15.8

89.7 b
95.6 a*

6.2

50.9 ab
55.8a*

8.6

72.7 ab
66.4b*

8.6

0HDQVIROORZHGE\WKHVDPHOHWWHUVZLWKLQHDFKFROXPQDUHQRWVLJQLILFDQWO\GLIIHUHQW 3 DFFRUGLQJWR'XQFDQ¶V0XOWLSOe Range Test

TABLE 2
Efficacy of seed treatments of 15 phages evaluated by disease incidence, severity and germination
Phages
PH 33
PH 30
PH 34
PH 16
PH 38
PH 13
PH 24
PH 46-e
PH 46-b
PH 7
PH 35
PH 46-c
PH 15
PH 39
PH 1
Control

Disease
incidence (%)
0.0 h
17.4 g
25.1 fg
29.9 bc
30.6 ef
37.1 def
38.6 de
48.1 cd
50.1 cd
51.4 cd
59.2 bc
61.1 abc
61.2 abc
62.8 abc
70.0 ab
74.0 a

Efficacy
(%)
100.0
76.4
65.8
59.6
58.8
49.7
47.8
34.9
32.3
31.0
19.9
17.3
17.2
15.1
5.3

Disease
severity (%)
0.0 j
9.1 i
18.0 gh
17.0 h
18.8 gh
21.7 fgh
19.5 gh
31.7 cde
33.0 cde
27.0 efg
30.3 def
39.2 bcd
38.0 bcd
42.1 bc
46.0 b
56.3 a

Efficacy
(%)
100.0
84.0
68.3
70.0
66.8
61.8
65.3
43.8
41.8
52.2
46.5
30.5
32.8
25.4
18.5

Seed
germination (%)
71.0 abcde
71.6 abcd
76.9 a
72.7 abc
64.6 defg
63.3 fg
68.8 bcdef
70.0 abcdef
63.0 fg
69.0 bcdef
64.0 efg
69.8 bcdef
66.5 cdefg
74.4 ab
71.1 abcde
60.7 g

Efficacy
(%)
14.6
15.3
21.1
16.6
6.2
4.1
11.8
13.3
3.6
12.1
5.2
13.1
8.8
18.5
14.6

*Means followed by the same letters within each column are not VLJQLILFDQWO\GLIIHUHQW 3 DFFRUGLQJWR'XQFDQ¶V0XOWLSOH5DQJH7HVW
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TABLE 3
Efficacy of seed treatments of 14 phages evaluated by disease incidence, severity and germination
Phages
PH 40
PH 20
PH 2
PH 60
PH 6
PH 4
PH 3
PH 21
PH 37
PH 36
PH 12
PH 31
PH 28
PH 19
Control

Disease incidence
(%)
60.1 c
73.9 bc
76.8 bc
76.8 bc
77.9 bc
78.1 b
79.3 b
80.3 ab
80.3 ab
80.6 ab
81.1 ab
81.5 ab
84.1 ab

Efficacy
(%)
35.8
20.8
17.7
17.6
16.4
15.8
14.9
13.7
13.6
13.3
12.8
12.5
9.9

Disease severity
(%)
37.5 d
51.6 c
51.6 c
49.8 c
52.6 c
64.7 ab
51.6 c
54.6 bc
52.6 c
52.0 c
57.9 abc
55.4 bc
54.3 bc

Efficacy
(%)
44.3
23.2
22.8
25.8
21.0
3.1
22.9
18.0
21.9
21.7
14.1
17.6
19.1

Seed germination
(%)
67.2 bc
48.2 e
66.7 bc
59.3 cde
57.6 cde
61.3 cde
79.2 a
62.9 cd
52.2 de
64.2 bcd
75.3 ab
69.5 abc
64.8 bcd

Efficacy
(%)
15.4
-17.9
14.7
4.2
1.3
7.3
28.2
9.7
-8.8
11.4
24.5
18.2
12.3

89.2 ab
93.2 a

4.3

65.4 ab
67.5 a

1.8

62.4 cd
56.9 cde

9.0

*Means followed by the same letters within each column DUHQRWVLJQLILFDQWO\GLIIHUHQW 3 DFFRUGLQJWR'XQFDQ¶V0XOWLSOH5DQJH7HVW

TABLE 4
Efficacy of seed treatments of eight phages evaluated by disease incidence, severity and germination
Phages
PH ±D16
PH 9-a
PH 23
PH 46-a
PH 9-b
PH 32
PH 47
PH 5
Control

Disease
incidence (%)
30.9 b
34.2 b
47.8 ab
47.9 ab
54.5 a
59.0 a
62.2 a
62.4 a
63.0 a

Efficacy
(%)
50.9
45.6
23.9
23.8
13.4
6.2
1.1
1.0

Disease
severity (%)
15.6c
18.9 c
26.0 abc
23.1 bc
31.8 ab
35.9 a
36.5 a
35.2 a
38.1 a

Efficacy
(%)
59.1
50.5
31.9
39.3
16.5
5.9
4.2
7.6

Seed
germination (%)
71.6 ab
70.4 ab
64.6 b
63.3 b
62.4 b
67.8 b
78.1 a
68.6 b
71.6 ab

Efficacy
(%)
0.0
-1.7
-9.8
-13.2
-14.9
-5.6
8.3
-4.5

*Means followed by the same letters within each column are not VLJQLILFDQWO\GLIIHUHQW 3 DFFRUGLQJWR'XQFDQ¶V0XOWLSOH5DQJH7HVW

fields (eight strains), greenhouses (one strain) and tomato seeds (nine strains) and in vitro efficacy of two
selected bacteriophages (PH 33 and PH 34) were
tested. No clear zones were observed on dishes, and,
thus, they were monophage and specific to Pst.
In conclusion, bacteriophages tested as seed
treatments have reduced Pst development among 1%
to 100%, however, some phages decreased seed germinations from 1.7% to 17.9%. Neither phages were
lysed other tomato bacterial pathogens nor saprophytic bacteria isolated from different flora.

Efficacy of eight bacteriophages on Pst suppression. The bacteriophages tested in this experiment were less effective in disease reduction (Table
4). Effectiveness of the phages were almost equal
with control. PH-D16 has the highest disease suppression by 50.9% compared with the remaining
seven phages. However, none of phages had positive
effect on germination increase.
In-vitro efficacy of highly lytic bacteriophages on other tomato bacterial pathogens. According to seed treatment results, two highly lytic
phages were selected for testing in vitro against other
tomato bacterial pathogens. PH 33 has selected since
LW¶Vprovided the highest disease reduction, and PH
34, which is increasingly induced seed germinations.
However, they did not lyse any of the tested bacterial
strains in vitro and LW¶VFRQFOXGHGWKDWthose phages
were specific (monophage) to Pst only.

DISCUSSION
In plant health, various strategies have been developed to control plant bacterial diseases including
antibiotics and copper based compounds [24]. In addition, cultural practices, plant activators, plant disease resistance genes and biological control using
antagonistic bacteria are widely used for disease
management [25, 26]. However, chemical applications do not always effectively reduce bacterial
speck severity and heavy use of copper compounds
have lead to copper resistance development of

In-vitro efficacy of highly lytic bacteriophages on saprophytic bacteria. In this trial, saprophytic bacteria were isolated from tomato plant
samples and seeds. In total, 28 putative saprophytic
bacteria were isolated from nurseries (10 strains),
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tomato seeds, the first step of bacterial speck management is the use of pathogen-free seeds. A plant
defense activator, acibenzolar-S-methyl, has been
recommended for field management of bacterial
speck as an alternative to copper-based bactericides,
particularly where copper-resistant populations predominate [26]. Biocontrol agents including Azospirillum brasilense, Bacillus pumilus and bacteriophages offer eco-friendly approaches for the management of bacterial speck [3, 33]. We are also
claimed that bacteriophages were efficient in reducing disease development and enhance the seed germinations when treated to tomato seeds. The most
effective two bacteriophages (33 and 34) may be a
solution for disease control.
The efficacy of bacteriophages against other tomato bacterial diseases and saprophytic bacteria
were tested in vitro. Out of 47, we selected two effective bacteriophages (33 and 34) to test their host
specificity on tomato bacterial pathogens and saprophytic bacteria. The phages were host specific to Pst.
Like our study, Lim et al., [32] evaluated the host
range of the bacteriophage PP1 among P carotovorum subsp. carotovorum strains and bacteria of
other genera. All tested bacteria were resistant to
PP1 except Pectobacterium carotovorum subsp. carotovorum strains. They explained the reason of host
specificity with different receptors or modification
systems of bacterial strains that are binding. Like our
study, the disease suppression of phages were ranged
from 1% to 100%. The same case might be present
in our tested phages. Thus, scientists advised to apply host specific bacteriophage (such as PP1) as a
coctail with other different receptor binding bacteriophages. We also recommend the potential use of
both phages (33 and 34) as coctail like previous studies [34, 35]. We will focus on characterizaton of the
phages, roles of them on growth stimulation and in
vivo phage treatments individually or as coctails in
further studies.

bacterial populations [6]. Thus, novel strategies are
required for an effective bacterial disease management. One of these methods, biological control
agent, bacteriophage, is environmentally friendly
and fast developing research field [3]. In this study,
among 33 tomato plant samples provided from
nurseries, greenhouses or fields, 47 bacteriophages
were isolated and purified from different parts of infected tomato plants. The majority of phages were
isolated from greenhouses that highly infected with
bacterial speck in Mersin province. No phages isolated from the samples provided from nurseries. Like
our study, Schwarczinger et al., [18] have isolated
twelve Erwinia amylovora specific bacteriophages
from upper parts. On the contrary, Gasic et al., [27]
isolated 25 X. euvesicatoria specific bacteriophages
in 15 localities of Serbia from pepper rhizosphere
soil. Additionally, the authors claimed that due to
rapidly degradation of phages under desiccation or
UV light resulted in the poor survival of phages on
leaf surface, less number of phages provided.
In this study, applications of bacteriophages
consistently reduced disease severity of bacterial
speck caused by Pst. Among them, 33, nine, three
and two phages were reduced disease development
among 1% to 25%, 26% to 50%, 51% to 75% and
76% to 100%, respectively. However, seven out of
47 phages were suppressed disease greater than 50%.
In general, the scientists were focused on biocontrol
using bacteriophages against bacterial spot of tomato
caused by Xanthomonas axonopodis pv. vesicatoria.
Seedlings treated with Xav-specific bacteriophages
displayed significantly lower disease incidence and
not differ from chemical treatments. Additionally,
bacteriophage treated plants had high plant vigor and
produced more extra-large fruit [28]. Combinations
of bacteriophages with harpin protein and acibenzolar-S-methyl reduced disease development and risen
yield of total marketable fruit [29]. Both researches
are promising in biocontrol of tomato bacterial spot
using bacteriophages. Additionally, bacteriophages
are tested against many other genera including Erwinia, Pantoea, Pectobacterium and Ralstonia [30,
31, 3, 32, 27]. Interestingly, no published paper is
available about potential of bacteriophages on biocontrol of bacterial speck disease caused by Pst. In
Turkey, Saygili & Erkan [19]isolated nine Pst specific phages in vitro. They did not search the efficacy
of phages in planta. This is the first detailed study on
isolation, biocontrol efficacy of Pst- specific phages
both in vitro and as seed treatment in Turkey.
Tomato crops are threatened by many seedborne bacterial pathogens including bacterial speck
[2] and seeds are the primary inoculum sources for
pathogen infestation. Unfortunately, seed infection
can not be easy to avoid and thus, various seed treatments are used to reduce/eliminate seedborne inoculum. Hence, it is important to eliminate the pathogen
from seeds before seedling growth. Since the pathogen, Pst, survives from season to season in/on
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Bisphenol A (BPA) is an endocrine disrupter
which causes negative effects on human health. The
aim of the present study is to determine BPA levels
leaching of several kinds of canned foods, beverages, baby bottles and feed in local Markets by using
gas chromatography-mass spectrum (GC/MS/MS).
Furthermore, estimate a relationship between BPA
migrations from polycarbonate baby bottles, temperature, and effect of numbers of use. Results showed
that in more than 130 different samples taken from
Egyptian markets, the highest mean BPA level was
in chicken cocktail sausaged (710.59 ppb) which was
given highly significant results with regard to all
other food samples result, whilst the lowest was for
tomato ketchup at (5.75 ppb). BPA levels were
ranged between 31.02 and 724.06 for canned meat,
5.57 and 233.78 for vegetables and fruits samples
and 30.89 and 312.08 for milk samples. It was found
that the levels of BPA ranged between (233.65 to
933.75 ppb) in feed additives. The leaching of BPA
from baby bottles to milk was found to be highest
contents (123.53 ppb) compare with other baby
drinks. The effect of temperature and numbers of use
on BPA migration from baby bottles to milk results
indicated a positive relationship between them,
wheres an increasing of temperatures and numbers
of use increased BPA migration levels in milk. The
concentration of BPA in milk has reached 1046.79
ppb when baby bottles were used 100 times at 90 ̊C.



BPA is an organic synthetic compound consists
of two phenol rings associated with a methyl connect, with have two methyl functional groups joined
to the bridge. BPA made by mixing acetone and phenol is utilized to produce epoxy resins and polycarbonate (PC) plastics. Epoxy resins are utilized to lining metal cans to avoid touch between the inside can
surface and the food, for prevent can erosion and
rustiness [2]. BPA can be leaching when canned
food is heated to typical can processing temperatures
[3].BPA can also be leaching from deficiently polymerized epoxy resins.
These protective layer are like utilized for
metal covering in cap for food in glass bottles [2].
Because of a deficient polymerization operation, remains of BPA monomer in PC container and covering can be leaching into food, mostly throughout
storage and manufacturing at elevated temperatures
[4].
Polycarbonate plastics are utilized in food and
drink canned and reusable jugs. The carbonate linkages are relatively steady however can be hydrolyzed at high temperature and unbiased to antacid
pH, bringing about the arrival of BPA [5]. Various
variables including pH, salt, oil, and glucose have
been appeared to impact the movement of BPA from
the lacquer and plastic infant bottle to the continuer
content [6, 7].
The major risk of BPA is food exposition for
kids and elderly [8]. BPA caused harmful health effect so should domination leaching from container
coatings by setting assizes by various agencies. The
leaching limit for BPA in food was confirmed by [9]
at 600 ng/g whilst the tolerable daily intake (TDI)
and maximal reference dose were confirmed at (50
and 25 μg/kg body weight/day) by [10, 11]. As of
late, another preparatory 10 time bring down TDI of
5 μg/kg b.w. /day was prescribed by [12].
Inside mice, low measurements presentation
has been related to early maturity [13], increased
nervous action [14], and changed maternal conduct
[15]. Exposition to BPA through different life stages
has additionally been related to specific diseases, including mammary gland and prostate tumors; diabetes; and immune system modification [16]. Rising
urinary BPA levels have been significantly connected with male sexual dysfunction as depicted by

(' "#
Baby bottles, Bisphenol A, Feed, Food, Numbers of use,
Temperature.

$" %$ 
Years ago endocrine disruptors have caught the
attention of the world because of their possible harmful effects on human health. Bisphenol A (BPA) is a
substance of worry since it is an endocrine disruptor
and has been related to different negative health effects [1].
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for15 min then filtrated by utilizing Double rings paper and a Buchner flask. The heptane was taken
away, utilizing glass syringe then make another extraction on residue sample in filter paper by adding
new acetonitrile 20 ml utilizing the Omni blender homogenizer. Then filtered another extraction as before and removed heptane. The twice acetonitrile
was collective and added anhydrous sodium sulphate
(30 g, 1 min), then poured the mixture into cylinder
100 ml. Canned samples which content little lipids,
such as meat, fish, oil, vegetables, fruits and drinks
heptane was decanted. The mixture was steamed to
around 5 ml, then dilution by water to 50 ml and put
in separating funnel 300 ml. Added potassium carbonate and methanol {10 ml (72% w/v), 10 ml} respectively, then added 10 ml of acidic anhydride to
the mixture whirled slowly. Then left the mixture for
15 min and extracted by n-heptane 5 ml. The heptane
solvent was gathered and determine by GC/MS/MS.
Baby formula samples were extracted by
weighted ten g of sample and added acetonitrile 20
ml into glass beaker 50 ml and shaking it for 5 min.
Baby formulae samples were extracted by weighted
ten g of sample and added acetonitrile 20 ml into
glass beaker 50 ml and shaking it for 5 min. The mixture was permitted to settle, then filtered an acetonitrile by a Double rings paper. The remains of a sample were extracted again by added acetonitrile 10 ml,
then shaken and filtered. The remains of sample was
extracted again by added acetonitrile 10 ml, then
shaken and filtered. The two mixture were collective
and steamed such as mentioned above. Drinks samples should open to permit gas to go out before extraction. Fifteen ml of the sample was put into separation funnel 250 ml and extracted as previously
mentioned. The experimental of leaching BPA into
water samples from the bottles added boiling water
to all bottles and left one day [22].

..-+:6.:-47-8):;8-)5,5;4*-896.;9-65
!*)*>*6::3-9The PC baby bottles were brought
with various brand from a local pharmacy in Egypt
and taken three bottles from each brand. All bottles
were rinsed with water. Baby bottles are always
washed up and sterilized before being used and filling with water, anise, and milk to each bottle to its
capacity and left one hour. Then tested the effect of
different temperature and times of use it. 

65,1:1656.##The determination
of the bisphenol A was done utilizing a gas chromatography (Agilent Technologies 7890A) connected
by a mass-selective detector (MSD, Agilent 7000).
Which content 5% - phenyl methyl polysiloxane
(HP-5ms, Agilent) and column (capillary, 30 m ×
0.25 mm i. d. and 0.25 μm film thickness Helium
was used as carrier gas by velocity (one ml/ min).
The program of the oven was (120 oC / 1 min, 1.5
min at a rate of 30 oC/ min then 300 oC /1.7 min at a
rate of 35 oC/min). The temperature of injector and

seven files, including reduced sexual lust, erectile,
and ejaculatory issues [17, 18]. Many studied on animal indicated BPA to be a regenerative, formative,
and systemic toxicant, and lowly estrogenic [19].
Woodruff et al.,[20] Examined the number of chemicals to which pregnant ladies in the U.S. are uncovered discovered BPA in 96% of studied ladies.
Moreover, drinking water and different drinks from
plastic containers made with BPA raised the urinary
concentration of the dangerous compound by about
70% [21].
The point of this survey was to determine BPA
levels leaching in several kinds of canned foods,
feed, beverages and drinks in baby bottles in Egyptian Markets. Furthermore, estimate a relationship
between BPA migrations from polycarbonate baby
bottles, temperature, and effect of numbers of use.
$"#$ #

):-81)39)5,8-)/-5:9Bisphenol A standard
(minimum purity ≥ 99%) was purchased from
Sigma–Aldrich (UK), n-Heptane (Analytical reagent
grade, Fisher chemical), Acetonitrile (J. T. Baker,
HPLC grade), Anhydrous sodium sulphate (SigmaAldrich), Potassium carbonate (Sigma-Aldrich),
Acetic acid anhydrous (Honeywell, 99.8%) and distilled water.

#)473-9 )55-,66,9)473-9 Different
types of market packing food, three cans for each
sample which include (Beef, sausaged, luncheon,
tuna, Beans, Mushroom, Sweetcorn, Tomato
ketchup, Tomato paste, oil, pickles, fruit, milk, and
Beverages) were purchased from different local markets in Egypt.

  --, 9)473-9 Seven feed additives samples (a mixture of amino acid, vitamin and essential
oil addition in the diet for animal) were purchased
from different countries in different types of plastic
bottles.

  '):-8 9)473-9 Reusable water bottles.
Four brands of mineral water bottles have been chosen.

  81529 15 *)*> *6::3-9 Different liquids
given to baby in a baby bottle i.e. anise, milk, and
water.

-:-8415):1656.1970-563#)473-78-7
)8):165 The whole contents of a can were fully
blended utilizing homogenizer. Twenty gram (g) of
subsample was taken. All content canned samples
were extracted by adding n-heptane and acetonitrile
(20 ml + 20 ml) into glass measure utilizing a homogenizer for five min. The extract was remained
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1970-563-<-3915.66,.86436+)34)82-:
!86,;+:9
-):
Corned beef
Corned beef
Chicken cocktail sausaged
Chicken luncheon meat
Beef luncheon meat
-)5
190
Light meat tuna with chili (shredded)
Dark shredded tuna meat skipjack
Light meat tuna (fancy solid)
Dark shredded tuna
-)5
&-/-:)*3-9)5,8;1:9
-)59
Plain Mesdames fava beans
Fava beans with Salsa
Bean in plastic bag
White kidney beans
Red kidney beans dark
;908664
Mushroom
Mushroom
#=--:+685
Whole kernel golden sweet corn
Kernel sweet corn
$64):6
Tomato paste
Tomato paste
Tomato ketchup
Tomato ketchup
Tomato ketchup
Local tomato sauce of koushari
!1+23-9
Pickles (olive)
Pickles (lemon)
13
Local market oil
8;1:9
Peach (halves of peaches in light syrup)
Peaches (halves in light syrup)
-)56.<-/-:)*3-)5,.8;1:9
132
Cream cheese spread
Cream
Milk (infant milk formula)
Milk (sweetened condensed milk)
Yoghurt
Dannet chocolate
Dannet vanilla
-)5
-<-8)/-9
Orange juice
Soft drink Orange juice
Guava juice
Guava juice
Nectar mango
Mango float
-)5
#  

8)5,

!

!)+2
:>7-

A
B
A
B

6.1
6.1
6.4
5.3
5.9

A
B
C
D

!65+77*

<-8)/-8)5/-

Can
Can
Can
Can
Can

255.78c ± 0.39
84.49lm ± 1.12
710.59a ± 7.97
32.52q ± 0.87
75.50n ± 0.88
231.77±125.41

(255.10 - 255.78)
(82.46- 86.31)
(696.51 - 724.06)
(31.02 - 34.02)
(74.56 - 77.26)
(31.02 - 724.06)

6.5
6.1
5.8

Can
Can
Can
Can

94.11k ± 1.51
60.80o ± 1.77
146.49hi ± 2.80
167.94g ± 0.32
117.34 ± 28.21

(91.35 - 96.56)
(57.68 - 63.79)
(141.35 -150.96)
(167.41- 168.52)
(57.68 - 168.52)

A
C
D
A
B

6.2
5.8
6.6
6.2
5.8

Can
Can
Plastic
Can
Can

49.59p ± 0.85
114.14j ± 1.32
14.90uv ± 0.18
164.77g ± 1.12
60.66o ± 0.89

(48.66 - 51.28)
(112.22 - 116.67)
(15.20 - 14.91)
(162.54 - 165.89)
(59.01 - 60.92)

A
B

5.7
5.7

Can
Can

23.48st ± 0.11
17.61tu ± 0.21

(23.3 - 23.69)
(17.18 - 17.82)

A
B

6.5
5.7

Can
Can

6.14w ± 0.23
7.46w ± 0.13

(5.68 - 6.38)
(7.24 - 7.70)

A
B
A
B
C
D

4.1
4.0
3.7
3.6
3.7
4.3

Can
Can
Plastic
Plastic
Plastic
Plastic

83.20m ± 1.07
19.62tu ± 0.23
8.69vw ± 0.09
9.75vw ± 0.52
5.75w ± 0.09
231.59e ± 1.32

(81.91 - 85.33)
(19.29 - 20.06)
(8.51 - 8.81)
(8.72 -10.30)
(5.57 - 5.88)
(229.21 - 233.78)

A
B

3.4
2.3

Plastic
Plastic

29.42qr ± 0.39
10.46vw ± 0.37

(28.69 - 30.04)
(10.02 - 11.19)

Plastic

79.44mn ± 3.87

(72.1 - 85.22)

A
A
B

3.2
3.8

Can
Can

74.63n ± 0.17
22.24st ± 0.99
51.53 ± 12.79

(74.31 - 74.89)
(21.14 - 24.21)
(5.57 - 233.78)

A
B
A
B
A
A
B

6.5
6.5
5.9
6.6
6.7
6.5

Plastic
Can
Can
Can
Plastic
Plastic
Plastic

31.38q ± 0.24
219.85f ± 0.80
89.35l ± 1.06
33.43q ± 0.48
236.76d ± 1.67
79.28mn ± 0.64
311.74b ± 0.17
129.38 ± 55.30

(30.89 - 31.62)
(218.33 - 221.04)
(87.34 - 90.95)
(32.71 - 34.35)
(234.95 - 240.1)
(78.21 - 80.43)
(311.50 - 312.08)
(30.89 - 312.08)

A
B
A
B
A
B

3.9
3.3
4.0
4.0
3.7
3.6

Plastic
Plastic
Plastic
Plastic
Plastic
Can

149.36h ± 3.67
35.53q ± 0.15
17.06tu ± 0.26
32.63q ± 0.28
25.79rs ± 0.27
14.50uv ± 0.28
45.81 ± 29.71
4.6280

(142.2 - 154.34)
(35.36 - 35.83)
(16.72 - 17.58)
(32.24 - 33.17)
(25.36 - 26.28)
(13.96 - 14.87)
(13.96 -154.34)

- Each value represents the mean ± S.E (Standard Error) and mean of three replicates.
-Values in the same column with the same letter are not significant at p≤0.05.
- Brand (A, B, C and D) means different company.
- PET (Polyethylene Terephthalate).
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detector were 250 oC. The mode of injection was
(split to split, rate 1: 20) and one μl of volume. The
mass has parameter ionization potential and interface temperature (70 eV, 280 oC). The system of selected ion monitoring (SIM) was utilized (213 and
228 m/z). Quantitative results were acquired utilizing the GC-MS outcomes by comparing with external standards.

#:):19:1+)3)5)3>919Statistical analysis (standard error ‘‘SE’’) was done by [23]. LSD (Least significant difference) analysis was utilized to contrasts
any significant differences between the means of
treatment [24]. All static analysiswas done by Costat
program.


"#%$##%## 

)55-, .66, 8-9;3:9 BPA contents in food
samples under study are appeared in Table 1. It was
seen that chicken cocktail sausaged (710.59 ppb)
which have highest average BPA concentration result contrasted with other samples results, trailed by
dannet vanilla (311.74 ppb); whilst the lowest were
for tomato ketchup at (5.75ppb).
Our results agree with [25] indicated for BPA
levels in canned corned beef and chicken ranged (17
- 602 ppb). Also, [22] reported for infant formula and
milk (9 - 384 ppb) which agree with present results.
The appearance of BPA in canned food due to
that the canned foods were sterilized during the production process. Goodson et al. [26] reported that
storage factor of the can such as time, temperature
and state of the can may affect the levels of BPA in
food.
Besides to food in paper containers, the release
of BPA into food due to mostly reused this container
and can lining materials [27]. BPA will probably migrate into oily, fatty foods or high protein contents
food such as meat, fish and coconut cream [28].

"-9;3:96.*)*>*6::3-99)473-9Table 2 gives
the summarized results about BPA levels in two different types baby bottles filling with various kinds of
liquid. These data indicate the levels of BPA at PC
baby feeding bottles and water drinking bottles. As
can be seen, the highest mean BPA level values was
in milk in baby bottle brand (A) (123.53 ppb) which
was a highly significant result with respect to all
drinks samples results, trailed by anise in baby bottle
brand (B) (114.94 ppb); whilst the lowest in water in
bottle (3.88 ppb).
From above result, it could make seen that the
BPA was leaching from the PC bottles to the drinking water they contain. The highest level of BPA in
milk due to milk content amines like putrescine and
1,4-diaminobutane which two amines that produce
from degradation of protein in milk that simulants
migration of BPA and that has been a statement by
[29, 30].
The high level may be due to the exposure of
baby bottles to the high temperature of the anise or
milk while that is not happening in water samples.
"-9;3:9 6. .--, ),,1:1<-9 9)473-9 The concentrations of BPA in feed additives are shown in
Table 3. It was noted that the levels of BPA ranged
between (233.65 to 933.75 ppb) in feed additives
bottles which made from PC sample (A, B and C),
which agree with [31, 25] which reported that levels
of BPA in canned pet foods ranged (179 and 602
ppb). While the levels of BPA ranged between (2.03
to 4.24 ppb) in feed additives bottles which made
from HDPE samples (D, E, F, and G). 
BPA contents in packing material, like as,
HDPE, Tetra Pak, glass, and PET were very smaller
than PC canned foods and drinks. This showed that
low-level presence of BPA through food processing
and before to filling into the container which as reported by [32]. As the presences of BPA in feed additives probably will be found in animal milk which
could be risked on human as a result.

$ 
1970-563-<-3915:=6*)*>*6::3-9).:-8 0.864.13315/
!86,;+:9
Anise in baby bottle
Anise in baby bottle
Milk in baby bottle
Milk in baby bottle
Water in baby bottle
Water in baby bottle
Water in bottle
Water in bottle
Water in bottle
(reused mineral water bottles)
Water in bottle (water bottle)
-)5
#  

A
B
A
B
A
B
A
B

8.50
8.50
7.00
7.00
8.50
8.60
8.70
8.80

!)+2
:>7-
PC
PC
PC
PC
PC
PC
PC
PC

C

8.70

PET

8)5,

D

!

8.30

PET

!65+77*
ef

6.53 ± 0.18
114.94 b ± 1.17
123.53 a ± 1.27
70.27 c ± 0.28
4.60 fg ± 0.39
16.55 d ± 0.42
5.38 efg ± 0.46
3.88 g ± 0.08

( 6.21- 6.84)
( 112.68 - 116.56)
( 121.28 - 125.66)
( 69.83 - 70.78)
( 3.83 - 5.13)
( 16.13 - 17.39)
( 4.47 - 5.93)
( 3.79 - 4.04)

7.05 e ± 0.18

( 6.69 - 7.23)

fg

4.48 ± 0.16
35.72 ± 27.99
1.7883

- Each value represents the mean ± S.E (Standard Error) and mean of three replicates.
-Values in the same column with the same letter are not significant at p≤0.05.
- Brand (A, B, C and D) means different company.
- PET (Polyethylene Terephthalate), PC (Polycarbonate).
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8)5,

Feed additives
Feed additives
Feed additives
Feed additives
Feed additives
Feed additives
Feed additives
-)5
#  

A
B
C
D
E
F
G

!
3.80
7.70
6.30
6.80
2.70
4.70
2.30

!)+2
:>7-
PC
PC
PC
HDPE
HDPE
HDPE
HDPE

!65+77*
933.75a

± 2.49
414.48b ± 2.51
271.09c ± 3.93
7.05d ± 0.38
4.24d ± 0.28
2.91d ± 0.02
2.03d ± 0.04
233.65 ± 202.33
14.1729

")5/( 929.03 - 937.49)
( 410.45 - 419.07)
( 265.86 - 278.78)
( 6.41- 7.71)
( 3.69 - 4.62)
( 2.87 - 2.95)
( 1.96 - 2.07)
( 2.87 - 937.49)

- Each value represents the mean ± S.E (Standard Error) and mean of three replicates.
-Values in the same column with the same letter are not significant at p≤0.05.
- Brand (A, B, C, D and G) means different company.
- HDPE (High density polyethylene), PC (Polycarbonate).

$ 
1970-5633-<-39154132.864!*)*>*6::3-9)9)..-+:-,*>!96;8+-:-47-8):;8-)5,
5;4*-896.;9-
;4*-896.;9-

-=*6::3-9

$>7-

A
B
C

-)5
A
B
C

 
-)5

-)5
#  

A
B
C

?
48.50g ± 0.89
38.04h ± 0.28
67.61f ± 1.09
51.38 ± 8.66
137.80e ± 0.39
291.57d ±1.14
132.54e ± 1.36
187.30 ± 52.16
405.01c ± 0.78
614.04a ± 3.98
471.32b ± 4.32
497.12 ± 61.06
6.2920

$-47-8):;8-65+77*
 ?
65.62h ± 0.40
165.02g ± 0.42
161.94g ± 1.35
130.86 ± 32.63
190.28f ± 4.07
436.40d ± 4.33
265.70e ± 2.00
297.46 ± 72.80
527.37c ± 1.75
918.25a ± 3.72
883.53b ± 3.61
776.38 ± 124.19
8.3568

 ?
105.90i ± 0.33
222.90g ± 1.47
205.71h ± 1.33
178.17 ± 63.48
399.38f ± 2.01
623.81d ± 3.02
524.85e ± 3.50
516.01 ± 64.94
842.15c ± 1.31
1022.92b ± 2.05
1046.79a ± 4.81
970.62 ± 64.61
7.5659

")5/-

65.62h ± 0.40
165.02g ± 0.42
161.94g ± 1.35
190.28f ± 4.07
436.40d ± 4.33
265.70e ± 2.00
527.374c ± 1.75
918.25a ± 3.72
883.53b ± 3.61

- Each value represents the mean ± S.E (Standard Error) and mean of three replicates.
-Values in the same column with the same letter are not significant at p≤0.05.
- Brand (A, B and C) means different company.
- PC (Polycarbonate).

..-+:6.:-47-8):;8-)5,5;4*-896.;9-6.
!*)*>*6::3-965!3-<-39Table 4 including
the numbers of use and temperature factors in following the leaching of baby food from baby bottles.
The result clearly that there was an appositive relation between the release of BPA in milk, numbers of
use and temperature. The BPA concentration was
found to increase with raise the temperature of milk
and increasing the numbers of using. Where found
the higher concentration of BPA baby milk bottles
when used 100 times at 90 °C (1046.79 ppb) and the
lower concentration BPA when using new bottles at
25 °C (38.04 ppb). Fig. (1) Show that there was a
linear relation between temperature, number of use
and concentration of BPA. 
Environment Canada [33] indicated that leaching from new bottles is very low, but can increase
with repeated use, due to cleaning. Hoekstra and
Simoneau [34]reported that the appearance of BPA
into water due to increasing time and temperature.
Le et al., [35]investigated that the concentration of

BPA in boiling water which leaching from new polycarbonate drinks bottles higher than water at room
temperature by factor 15 - 55.
 %# 

Many various types of canned food and baby
bottles could be a hazard factor for human and infant
health because of the presence of variable levels of
BPA. After analysis of more than 180 different sample which including meat, vegetable, baby bottles
and feed additives. It was found different levels of
BPA between (2.03 and 1046.79 ppb) which depend
on their circumstances of production, transportation,
storage, and migration process of the sample itself.
Much care should be taken when chosen the material
of baby bottles because of there was found that appositive relation between numbers of use and temperature with a concentration of BPA leaching in
milk from PC infant bottles.
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Thymol is lipophilic; enabling it to interact with
the cell membrane of fungus cells, altering cell membrane permeability by permitting the loss of macromolecules [3]. The antifungal nature of thymol is
caused by thymol's ability to alter the hyphal morphology causing its aggregation and reducing the hyphal diameters and lysis of its wall [4].
DNA barcoding is a standard gene fragment for
species identification [5]. It has been developing rapidly in recent years [6], and become a useful tool for
biodiversity investigation and monitoring, and molecular phylogeny and evolution [7]. DNA barcoding’ is commonly applied to a standardized DNA
short sequence which can be recovered as a unique
marker used for the identification of all species on
the planet [8].
Aflatoxins are a toxic secondary metabolites
produced by fungal species as %#$'%('%
#$%&'% and !" '% [9]. These fungi are usually infectious for cereal crops as walnut, wheat, cotton, corn, tree nuts and peanuts leading to highly serious hazards to animal and human health by causing
different diseases as teratogenicity, immunotoxicity
and hepatotoxicity. [10].
The present study deals with the analysis of
* '%#&&'% essential oil and assessing the efficacy of its antimicrobial effect on both bacterial
and fungal species as well as its effect on aflatoxin
production from %#$'% ('%. Moreover, the
effect of thyme oil on detoxification of aflatoxins
was also investigated besides the evaluation of its influence on the expression levels of genes involved in
the aflatoxin biosynthesis.

Comparison between the antimicrobial effects
of three different essential oils; thyme, castor and jojoba was studied against some microbial species. Results showed that thyme essential oil from * '%
#&&'% plant exhibits strong antimicrobial activity
than the other two types, so it was subjected to further studies. Thyme oil was analyzed by GC and
GC/MS and seventeen compounds were identified
and the major components were thymol (45.36%).
We further investigated the effect of thyme oil on aflatoxin production from %#$'%('% and the
expression levels of the genes responsible for its biosynthesis. Transcription of five aflatoxins biosynthesis were detected by reverse transcription-polymerase reaction analysis which revealed that all the
expected amplicons were observed, whereas the expression of the structural genes could not be detected
and this revealed that no differences of aflatoxin
gene expression occurred between the two strains;
(untreated and treated with thymus oil). Results
showed that DNA barcoding is used as a tool for
identification and phylogenetic construction of *
'% species, so PCR rbcL amplification and DNA
sequencing suggesting that rbcL is universal tool for
this species. Conclusively, our study accomplished
that it is applicable to use the thyme oil as a source
of a natural antifungal and detoxification agent.
,*"%&
* '% #&&'%, Thymol, Antimicrobial activity, Gene
expression. Aflatoxin, barcoding
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.A2?6.9@52:60.9@All the chemicals used
in the present investigations were purchased from
Merck (Mumbai, India), while acetic acid and acetonitrile were from Sigma Aldrich.

#9.;A:.A2?6.9@ Green leaves of * '%#
&&'% belong to Lamiaceae were collected from
North Coastal Zone area.

The main essential oil in thyme is thymol, carvacrol and flavonoids that found to have antifungal
activity on a number of species, including $*#&"
"'% !""$ !%, %#$'% #$"! and
*"$*!'% species, antibacterial, antiflatulent
and antiworm properties [1]. Further studies confirmed the antibacterial properties of this constituent,
with demonstrated activity against  "!&*#
'$' %&#*""'%'$'%and %$"
[2].

    @A?.6; .;1 0B9AB?2 0<;16
A6<;@ A toxigenic strain of  ('% was isolated
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specific initial concentrations of essential oils and incubated at 28±1 °C. The observations were recorded
every 12 hours after first 10 hours for incubation period to complete growth of control treatments. The
rates of mycelial growth inhibition (GI %) was calculated by the following formula:
GI% = dc-dt/dc*100
Where dc is mean colony diameter of control
sets and dt is mean colony diameter of treatment sets.
The initial experiments were conducted in a
completely randomized design (CRD) with two concentrations and two three replications. A factorial experiment in completely randomized design (FE using
CRD) was designed for those plant essential oils
which showed 100% mycelial growth inhibition in
200 µl/l concentration. These experiments were conducted with three factors and three replications to determine the closed MIC and MFC of essential oils on
fungi. Three concentration of thyme oil (1, 2, 3 µl/ml
medium) were used. Inoculations of fungi and data
collection were based on above instruction.
The effect of the three essential oils on fungal
and bacterial growth was studied according to [14]
with minor modifications. The antimicrobial activity
of the essential oils were evaluated by disc diffusion
method using Mueller Hinton Agar [15] and inhibition zones at different oil dilutions (1, 2, 3µl/ml)
against %$"&#*""'%'$'%%
#$'% ('% and ! !% were determined. The incubation conditions used were 48 to 72
h at 28°C for fungi and 37°C for bacteria. All the experiments were carried out in triplicate and averages
were calculated for the inhibition zone diameters.

from wheat grains and identified by AUMC (Assuit
University Mycological Center) as ('% AUMC
11613. The culture was maintained in PDA slant
agar.
2A5<1@ <9920A6<; .;1 6@<9.A6<; <3 2@@2;
A6.9 <69 The collected materials were developed
based on the morphological identification according
to [11, 12]. Samples were cleaned in shaded conditions to keep fixation of the sample natural color and
to prevent volatility of the plant constituents. Then,
they were air-dried, powdered and kept in cool dry
conditions until essential oils extraction. Afterwards,
by the hydro distillation method with the help of
Clevenger set for three hours, essential oils were
taken from 150 g of the powdered sample, followed
by drying of sample oils with anhydrous sodium sulfate and stored in sterile tubes in a refrigerator.
%20<C2?F <3      2@@2;A6.9 <69
.;1612;A6360.A6<;<36A@0<:=<;2;A@The oils were
separately isolated from dried leaves by hydro distillation for 3 h using distillation apparatus. For the
identification of the components, each Gas Chromatograph (GC) analysis out on a Varian 3400 fitted
with a DB-Wax (J&W Scientific) capillary column
(105m x 0.25mm, 0.5μm film thickness), and by Gas
Chromatography/mass Spectrometry GC/MS on a
Finnegan Mat SSQ7000 system combined with a
Varian 3400 gas chromatograph. The oil samples
were diluted in hexane (1μL/mL) and the injection
volume for all samples was 1μL, injected in the split
mode for GC and in split less mode (30 s) for
GC/MS. Electron ionization (EI) mass spectra were
measured at 70 eV over the mass range m/z 35-400.
The chromatographic conditions were as follows: helium was used as carrier gas, injector temperature 225oC, detector FID 250oC. The column
oven temperature was maintained at 40oC for 3 min,
then increased to 200oC at a rate of 4oC /min, and
maintained for 10 min. Components were identified
by comparing linear Kovate indices (KI), their retention times (RT) and mass spectra to those obtained
from the authentic samples and/or the MS library.
The percentage composition of the essential oils was
computed from GC peak areas ignoring the correction factors. Qualitative analysis was based on a
comparison between retention times and mass spectra and the respective data in literature [13].

2A2?:6;.A6<; <3 A52 :6;6:B: 6;56/6A<?F
0<;02;A?.A6<; <3'5F:2<69 The minimum
inhibitory concentration (MIC) of the thyme oil was
determined by the broth dilution method according
to Yamamoto [16] with minor modifications. The
thyme oil was diluted in 0.001% Tween-80 and
tested at final concentrations of 1, 2, 3 µl/ml medium. For each concentration of the essential oil, 
('% suspension was added to the medium. Erlenmyer flasks were incubated at 28oC for 72 h with
agitation. The lowest concentration showing no visible growth was designated as MIC. Cells from the
Erlenmyer flasks showing no growth were subcultured on PDA plates to determine if the inhibition
was reversible or permanent. Positive controls were
performed in medium with only the cell suspension.

;A6:60?</6.9 .0A6C6AF <3 2@@2;A6.9 <69@ The
antifungal assay was carried out in Petri dishes (9 cm
in diameter) containing PDA. When temperature of
the medium (PDA) reached about 40°C, specific initial concentrations (0 and 200 µl/l) of 50% stocks of
plant essential oils (diluted in ethanol 96% and sterilized using 0.2 µm filters were added to PDA and
mixed thoroughly. The rate of mycelial growth inhibition was measured after placing an active mycelial
plug of fungi on Petri dishes containing PDA with

6<:.@@ 12A2?:6;.A6<; <3    At the
end of 14 day incubation period, cultures of ('%
were harvested on pre-weighed Whatman filter paper No. 1. The filter paper along with mycelial mat
was dried in hot air oven at 65-75°C for 72 h to get a
constant weight after cooling to room temperature in
a desiccator. The amount of biomass yield was calculated per milliliter of medium.
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#?6:2?@A.?42A42;22;.;8.002@@6<;;B:/2?@2>B2;02.;12E=20A21#% %'#%=?<1B0A@6G2
#?6:2?0<12
AflR-1for a
AflR-2rev a
AflS-1for a
AflS-2rev a
AflD-1for b
AflD-2rev b
AflO-1for b
AflO-2rev b

'.?42A42;2








#?6:2?@2>B2;02@
5’-AAGCTCCGGGATAGCTGTA-3’
5’-AGGCCACTAAACCCGAGTA-3’

#%#?<1B0A@6G2/=
300

5’-TGAATCCGTACCCTTTGAGG-3’
5’-GGAATGGGATGGAGATGAGA-3’

1399

5’-CACTTAGCCATCACGGTCA-3’
5’-GAGTTGAGATCCATCCGTG-3’

986

5’-TCCAGAACAGACGATGTGG-3’
5’-CGTTGGCTAGAGTTTGAGG-3’

1304


AflQ-1for c

5’-TCGTCCTTCCATCCTCTTG-3’
AflQ-2rev c
5’-ATGTGAGTAGCATCGGCATTC-3’
"a" were designed by [ 42], "b" were selected from those used in previous works [ 43], "c" [ 44, 45].
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3320A<3A5F:2<69<;39.A<E6;@@)=?<
1B0A6<; 3?<:   250 ml Erlenmeyer flasks
containing 50 ml yeast extract–sucrose (YES) broth
medium (2% yeast extract, 20% sucrose, E. Merck,
Germany). Thyme oil was added in concentrations
of 1, 2, 3 µl/ml medium and the cultures were separately inoculated with 1 ml spore suspension (106
spores ml-1) prepared from 7 days old culture of %
#$'% ('% then incubated at 28 ºC on rotary
shaker at 120 rpm for 14 days. Flasks without adding
any oils were served as a control. AFs were extracted
from culture filtrates by adding 50 ml of chloroform
to each flask and shaking for 15 min in gyro rotary
shaker. The chloroform extracts were then concentrated by rotary evaporator (Eyela N-1000 Japan)
near to dryness.

Wavelength Fluorescence Detector, and a data workstation with software Breeze 2. A phenomenex C18
(250 x 4.6mm i.d.), 5µm from waters corporation
(USA). An isocratic system is water: methanol: acetonitrile (240:120:40, respectively). AFs concentration in samples was determined from the standard
curve, using peak area for quantization.

EA?.0A6<; <3 .39.A<E6;@ @ Pass 4 ml of
fungal filtered through Afla Test -P affinity column
at a rate of 1-2 drops/second until air coming through
the column. Then pass 5 ml of purified water through
the column at the rate of 2 drops/second. Elute affinity column by passing 1.0 ml HPLC grade methanol
through column at a rate of 1-2 drops/second and collecting all eluted sample (1ml) in a glass vial. Let the
sample Evaporated and dried under stream of nitrogen then determined by HPLC.

#% .;.9F@6@ Five primer pairs were employed for specifically amplifying toxigenic genes
aflR, aflS, aflQ, aflD and aflO using the Primers Plus
software [17, 18] (Table 1). Oligonucleotides were
synthesized in 25µl of a reaction mixture containing
MgCl2-free reaction buffer, 3mM MgCl2, 2.5U of
Taq polymerase, 200 µM of each dNTP, 0.25 µM of
each primer and 1 ng of genomic DNA as template.
Amplification was performed in Biometra T. personal Polymerase Chain Reaction (PCR) according
to [19] after a denaturation step which consisted of
30 cycles at 95°C for 10 min, then annealing at 55°C
(50 s) and finally, extension at 72°C (2 min).

'<A.92EA?.0A6<;<33B;4.9%!.;1'#%
Three hundred milligrams of 24 to 72 h-old Czapek’s
yeast extract broth culture were ground for RNA extraction and overlaid with 500 µl of TRIZOL
(sigma): total RNAs were extracted according to the
manufactuer´s instructions.
The purified RNA from genomic DNA Contamination, of the samples was treated for 30 min at
37 °C with DNAase I, as described by the manufacturer. One to two micrograms of treated RNA were
used along with the components of the ImProm-II reverse transcription kit (Promega, Madison) as

#%/.@21=?<021B?2@EA?.0A6<;<33B;4.9
!Genomic DNA was extracted from three-dayold mycelia grown on Czapek’s yeast extract broth
as described by Li et al. (2002) [17]. Thermo Gene
JET Fungi kit (Genomic DNA Purification Kit
#K0781) were used and the DNA samples were resuspended in 100 μL of sterile distilled water at a
concentration of 5 ng/μL.

2A2?:6;.A6<;<3@/F#12?6C.A6G.
A6<;The sample derivatives and standard were done
as follow: 100 µl of trifluoro acetic acid (TFA) were
added to the sample and mixed well for 30 seconds
then the mixture stand for 15 min. 900µl of water:
acetonitrile (9:1 v/v) were added and mixed well by
vortex for 30 s. and the mixture was used for HPLC
analysis. The separation was performed at ambient
temperature at a flow rate of 1.0 ml/min. The injection volume was 20µl for both standard solutions and
sample extracts. The fluorescence detector was operated at wavelength of 360 nm for excision and 440
nm for emission. The HPLC system consisted of Waters Binary Pump Model 1525, a Model Waters 1500
Rheodyne manual injector, a Waters 2475 Multi-
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follows: 8 µl of samples was added to 1 µl of oligodt (oligo (dt) 10 primers), heated for 10 min at 70 °C
and added to a reaction mixture containing (4 µl of
reaction buffer, 2.4 µl of 25mM MgCl2, 1 µl of
10mM dNTPs, 0.5 µl RNase OUT, 1 µl of ImPromII reverse transcriptase and H2O (diethyl pyrocarbonate treated) to 20 µl of RNA sample. There action
was run in a DNA thermal cycler (the same used for
DNA PCR) at 42°C for 2 h, and then at 70°C for 15
min. 2 µl of 1/10 diluted of the sample were then
used for the following PCR amplification.
To selectively amplify cDNAase, some primers
for Afl-cR were specifically designed to span to consecutive exonsm when this was not possible, amplicons were distinguished from genomic ones by size.
General PCR conditions were the same as for genomic DNA amplification, whereas, primer concentrations were adjusted preliminary, experiments indicated that an optimal condition was obtained by
lowering the primer concentration of aflS and aflR
(0.05 pmol-1 final concentration) with respect to that
of aflD, aflO and aflQ 0.5 pmol-1 final concentration).

!/.?0<16;4Fresh plant leaf samples were
used. DNA extraction was carried out using
SIGMA® Plant High Molecular DNA extraction
KIT®. DNA quality was tested using agarose gel
electrophoresis, visualized by pre-added RedSafe®
(5ul /100ml) under UV light. PCR and sequencing
two primers, rbcLaF (5` -ATG TCA CCA CAA
ACA GAG ACT AAA GC-3`) and rbcLaR (5`- GTA
AAA TCA AGT CCA CCR CG- 3`) were used to
amplify rbcL region. PCRs of 50 ul reaction mixture
(1x Flexi buffer, 50ng DNA template, 2.5mM MgCl
2, 10uM dNTPs, 0.4uM of each primer, and 1U
Promega© Green Go Taq™ enzyme) were performed, standard PCR profile with 50ºC annealing
temperature was used to amplify rbcL.

.A. .;1 =5F9<42;2A60 .;.9F@6@ To identify
and study the phylogenetic relationships of * '%
#&&'%, the aligned sequences were analyzed by
maximum likelihood (ML) analysis implemented
inMEGA6 [23]. The success rate of PCR amplification was calculated as the proportion of the number
of individuals amplified to the total number of individuals analyzed, and the successful rate of sequencing was calculated as the percentage of the number
of high quality sequences to the total number of individuals [24]. Species identification ability of each
DNA barcodes was evaluated using the BLAST
method. The work was conducted as follows: firstly,
each DNA fragment of the collected species was
downloaded from NCBI database, and then a local
database was established using the downloaded sequences [25]. Secondly, each sequence measured in
this study was BLAST against the sequence in the
local database, and the percentage of identical sites
was calculated and was taken as the species discrimination rate of the measured sequence. Finally the
identification success rate of DNA barcoding was
calculated as the product of sequencing success rate
and species discrimination rate.

&A.A6@A60.9.;.9F@6@All experiments were performed in triplicate and the obtained data was analyzed statistically to test the significance of difference (p<0.005) between different treatments by applying one way ANOVA and correlation coefficient
using Graph PadInStat version 5.03.

!@2>B2;06;4.;1:B9A6.964;:2;A.;.9F
@6@ Amplified products were separated on agarose
gel, eluted by using the “Nucleo Spin Extract II” kit
(Macherey-Nagel) and sequenced directly. All sequence data were obtained using the ABI Prism Big
Dye Deoxy Terminator Cycle Sequencing kit (Applied Biosystem). Reactions were analyzed using a
model 3130 Genetic Analyzer (Applied Biosystem).
Alignment of the partial aflatoxin gene sequence
data were performed using the software Basic Local
Alignment Search Tool method (BLAST) at NCBI
((National Center for Biotechnology Information).
The program compares each studied nucleotide sequence to sequences database and calculates the statistical significance.
Phylogenetic and molecular evolutionary analyses were conducted using MEGA version 4 [20].
Multi alignment was performed by [21] using the sequences of several %#$'% species belonging to
Section Flavi ( !%$"&,  #$(%$"&, 
!" '%, #$%&'%, ('%, %", $
",  & $ and  #%'"& $). Sequence
similarity searches were performed using BLAST
programs at NCBI (National Center for Biotechnology Information).

60?<@0<=60 2E.:6;.A6<; .;1 &0.;;6;4
920A?<; 60?<@0<=F& For scanning electron
microscopy (SEM), the control and treated cultures
were fixed in 5% (v/v) glutaraldehyde + phosphate
buffer solution for 24 h. The samples were then
transferred to a graded ethanol dilutions (50%, 70%,
90% and 100%) for 30 min each and finally to amyl
acetate solution [22]. The coated specimens were examined in a Jeol JSM-5600 LV scanning electron
microscope.

%&('&!&(&&"!
The chemical composition of the essential oils
of* '%#&&'% was shown in Table (2). The results revealed that the most prevalent component is
thymol (45.36%). Thymol is the most important
compound of the essential oil of * '%#&&'%.
Other biologically active compounds such as limonene, myrcene, γ-terpinen, αpinene, β-pinene, ρ-cymene (Monoterpene hydrocarbons), linalool, borneol (Monoterpene alcohols) and camphor
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(Monoterpene ketone) are available in these plant essential oils.
' 
52:60.90<:=<@6A6<;<3A522@@2;A6.9<69@<3
   
<:=<B;1
1- Linalol
2- Comphor
3- Boroneol
4- Terpineol
5- Thymol
6- Carvacrol
7- Caryophyllen oxide
'<A.9"EF42;.A21<:=<B;1
8- Pinene
9- Myrcene
10- P-cymene
11- γ-terpinene
12- B- bourbonene
13- Trans –caryophllene
14- α-Hemulene
15- Cadinene
16- Germacrene D
17- γ-Cadinene
 '<A.9F1?<0.?/<;<:=<B;1
(;8;<D;<:=<B;1

ether [27]. In related report, [28] found that the main
components of * '% ('$% were thymol
(48.9%) and p-cymene (19.0%), while carvacrol
(12.8%), α-terpinyl acetate (12.3%), cis-myrtanol
(11.2%) and thymol (10.4%) were dominant in *
'%&"%(.
Comparison between the antimicrobial effects
of three different essential oils; thyme, castor and jojoba was studied against two bacterial and fungal
species. The results showed that thyme essential oil
from wild * '% (* '% #&&'%) plant at different oil dilutions exhibits strong antimicrobial activity than the other two types, so it was subjected to
further studies. It was revealed from Fig (1) that*
'%#&&'% oil significantly inhibits the microbial
growth. Minimum inhibitory concentration (MIC) of
the oil was recorded at a concentration of 1µl /1 ml
medium. The antifungal activity of thyme essential
oils has well proved against fungi such as "&$*&%
!$ [29], +"#'% %&""!$ [30], %#$'%
%## [31], +"&"! %"! *&'  '& ' 
'%$' %"! and "&"&$' ! '&!'
[32]. The high antifungal effects of the studied plant
essential oils can be attributed to the presence of phenolic compounds such as thymol. Phenolic compounds cause disturbance on the cell wall enzymes
such as chitinase, chitin synthase and α- & β- glucanase. Similarly, [10] have reported the inhibition
of  ('%  #$%&'% and  "!"$  by
thyme essential oil, cinnamon, anise spearmint and
basil oil at 3000 ppm. In the same regard, [33] found
that thyme essential oils caused morphological
changes in the hyphae, plasma membrane disruption
and mitochondrial destruction.


2.56
0.42
12.31
1.24
45.36
1.15
0.96
 
1.74
2.31
14.32
3.12
0
6.57
1.29
1.23
0.75
0

4.67

Essential oils are complex mixtures of various
aromatic constituents with different degrees of relative hydrophilicity and lipophilicity given by the
presence of components with polar functional
groups. These essential oils, showed a very good activities when assayed by vapor contact and this may
due to their high volatility. In this context [26], the
essential oil containing aldehyde or phenol was reported to exhibit a high microbial inhibitory effect,
followed by those containing alcohol, ketone and



(% 
;A6:60?</6.9.0A6C6AF<3A5F:2<69D52?2+6@<7<=.<69,6@.@A<?<69.;1-6@'5F:2<69

' 
3320A<316332?2;A0<;02;A?.A6<;@<3A5F:2<69<;4?<DA5.;1.39.A<E6;=?<1B0A6<;/F 6;F2.@A
2EA?.0AK@B0?<@296>B61:216B:.A J
<;02;A?.A6<;@
<3'5F:2<69
I9 :9
Control
1
2
3

?<DA5
:4  :9
:216B:
40.89±6.80
30.95±5.89
22.00±4.44
08.00±3.35

39.A<E6;@=?<1B0A6<;
L4 :9
   
 
76.35
0.97
14.20
60.44
0.50
11.89
20.04
0.11
05.09
3.00
0.0
0.0
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(% 
2;<:60!<3B;A?2.A21.;1A?2.A21 @A?.6;.:=963621/F:B9A6=92E#%B@6;43<B?=.6?@<3
=?6:2?@@=2063603<?.39".39.39$.;1.39%B;A?2.A21@A?.6;A?2.A21@A?.6;
conidia treated by thyme oil became rough and wrinkled in contrast to the control one (Fig. 2). As the
concentration of thyme oil increased, the cell gradually became smaller and the hyphae lack of transparency and homogeneity. Results indicated inhibitory
effects of this oil on mold growth and recommended
to use this essence as an alternative to chemical preservatives. In this text, [38] detected a deformation
of  ' &'% growing hyphae in the presence of
*%%"#'% "!% essential oil. In another study,
cell wall degradation was also observed in 
!% cells treated with $##* latex sap [39].
In regarding to molecular Characterization of
afl. ('% producing strains, untreated and treated
strains were analyzed to detect aflatoxins cluster
genes. In order to simplify PCR analysis of these
genes, a multiplex PCR procedure was developed
using the same set of primers employed in single
gene PCR protocol. As reported in Fig (3), a PCR
profile, comprising four amplicons corresponding to
aflR, aflD, aflO and aflQ genes, was obtained. It was
known that the aflS amplification product was not
efficiently obtained following our conditions. This is
most probably because of some interference between
primers in the multiplex PCR mixture [19].
Rt-PCR was performed using the set of primers
designed for the specific amplification of aflR, aflS,
aflD, aflO and aflQ genes. Figure (4) showed that,
the PCR patterns displayed four bands, corresponding to the amplification product of the expected aflatoxin producing genes. No differences between

Regarding to the anti-aflatoxigenic properties
of thyme oil, results in Table (3) revealed mean comparison of data related to the role of thyme extract in
reducing aflatoxin production from ('%. The results reported a reverse correlation between thyme
concentration and aflatoxin concentration. The data
presented in Table (3) indicated that the toxigenic
isolate was capable of producing detectable levels of
aflatoxin B1, B2 and G1. The anti-aflatoxigenic effects of the thyme oil were examined at three concentrations; 1, 2 and 3 µl/ml media resulted in considerable levels of inhibition, ranging from 20.83,
73.75 to 96.07 % for AFB1 and 48.45, 88.66 to 100
% for AFB2 and finally, from 16.26, 64.15 to 100%
for AFG1, respectively for thyme oil concentrations
of1, 2 and 3 µl/ ml media.
The inhibition of growth and aflatoxin production from ('% by * '% oils and their active
components has frequently been reported by [34]. In
this manner, the extent of inhibition of fungal growth
and mycotoxin production was dependent on the
concentration of essential oils used [35]. Similarly,
[36] found that the thyme oil showed interesting antimicrobial activity on Gram positive bacteria &#
*""'%'$'% as well as a remarkable antifungal
activity against all the tested fungi. In the same context, [37] detected the effect of * '%('$% essential oil as antifungal and anti aflatoxigenic properties on ('%.
It was noticed from scanning electron microscope images that the surfaces of the hyphae and
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base pairs length of the two selected strains (untreated and treated strains) because the sequencing
is carried out for comparing between strains at nucleotide level.
In this respect, the same sequences of aflatoxin
genes were occurred of amplicons and cDNA, when
comparing the sequences of cDNA against the sequences of amplicons for these genes in the local database. 100% of similarity was revealed when alignment analysis was occurred. Sequence analysis was
produced significant alignment for the five genes



(aflR, aflS, aflD, aflO and aflQ) (fig. 5). Molecular
results were indicated that no change has occurred
at transcription level when ('% was treated with
thyme oil. Low production of aflatoxin of the treated
strain can be attributed to translation level and protein synthesis. Therefore, this research can be extended to another study that examines whether there
are changes in the translation level. These are expected results for us because if the thyme oil produced genetic material mutations, it would not enter
into many food industries, medicine and cosmetics.


(%
E=?2@@6<;<3.39.A<E6;42;2@6; AB;A@A?.6;@.3A2?5<910B9AB?2'<A.9%!D.@2EA?.0A21
.;1.39&.39%.39$.39.;1.39"42;22E=?2@@6<;D.@12A20A21/F?2C2?@2A?.;@0?6=A.@2=<9F:2?.@2
05.6;?2.0A6<;%'#%%'D.@=2?3<?:21<;%!<3 1.F@<91:F0296B:4?<D;6;.39.A<E6;6;1B06;4
:216B:,&.A HB;A?2.A21@A?.6;A?2.A21@A?.6;
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964;:2;A.;.9F@6@3<?.39.A<E6;42;2@.39%.39$.39&.39.;1.39"?2@=20A6C29F0<:=.?6;4A526?
@2>B2;02@D6A5A520!=?<1B0A@2>B2;02@B@6;4&'=?<4?.:
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antifungal activities are related with the main component; thymol which is a natural monoterpene phenol. So, the results of our study shows the possibility
of using natural compounds as alternatives to pesticides for controlling fungal growth and aflatoxin
production. From the previous, essential oils such as
thyme have two prominent features; low toxicity for
people and safe environmental material due to their
natural properties and low risk for resistance development by pathogenic micro-organisms. The results
also suggest that DNA barcoding can provide accurate identifications for plant samples that are not distinguishable by morphology based methods.

DNA barcoding can provide accurate identifications for plant samples that are not distinguishable
by morphology based on the methods used in this
study. Using chloroplast region (rbcL) for phylogenetic comparative analysis revealed that the rbcL region discriminated down to species level in * '%
#&&'% (bootstrap support of 86%) (Fig. 5). Some
authors suggested that rbcL region should be used as
a standard for the comparison to other markers because of its advantage that it can easily amplified and
sequenced in most plant samples and it is also considered as a benchmark locus in phylogenetic investigations by providing a reliable placement of a sample species into plant family and/or genus [10, 40].
This result also was in agreement with [41] which
found that rbcL was useful for the barcoding of some
medicinal plant species in family Labiatae, where it
has a better resolution toward species identification
than the ITS sequences.
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smelt [1-5]. In Karacaoren I Dam Lake, nine fish
species were detected in the 2000s. However, since
2003, when it began to be observed in Lake Egirdir,
sand smelt has begun to form dense populations in
Karacaoren I Dam Lake [6]. The aim of this study
is to determine some biological properties of the
sand smelt that entered Karacaoren I Dam Lake
afterwards and to reveal its effects on Lake Fishery.

ABSTRACT
This study was conducted in Karacaoren I
Dam Lake between December 2009 and April
2010, which also covers the spawning period of
sand smelt. In the study, the sex ratio, length and
weight distributions, condition factor and lengthweight relation of sand smelt were examined. A
total of 513 sand smelt were caught with an electroshocker. The sex ratio of the samples was found to
be 1:1.24 in favour of male individuals. The total
length of sand smelt ranged from 4.5 to 8.5 cm. It
was determined that individuals with a length of
5.0-5.9 cm constituted the majority of the
population. Individuals with an average weight of
0.80-1.6 g constituted the majority of the
population. The value of average condition factor
was found to be 0.673 for all individuals. The
length-weight relation parameters were calculated
as a= 0.0096, b= 2.7912, r2= 0.8722 for all
individuals and it was determined that the
individuals exhibited negative allometry. A. boyeri's
growth states under Karacaoren I Dam Lake
conditions and their interactions with other fish
species should be monitored periodically. In this
way, invasive fish species can be kept under
control, and necessary precautions can be taken to
prevent their spread in our inland waters.

MATERIALS AND METHODS
Karacaoren I Dam Lake, where this study was
conducted, is located in the intersection area of
Burdur, Isparta and Antalya provinces in general
terms, and 2/3 of it is within the borders of Burdur
province, and 1/3 is within the borders of Isparta
province. The Aksu and Goksu rivers are the biggest source of the dam lake established on the Aksu
River [6]. Karacaoren I Dam Lake is connected
with Lake Kovada and Egirdir via the Aksu and
Kovada Rivers and is 50 km away from Lake Kovada and 75 km away from Lake Egirdir [7] (Figure
1).
The sampling study in this research conducted
in Karacaoren I Dam Lake was carried out between
December 2009 and April 2010, which also covers
the spawning period of sand smelt. An electroshocker was used during fishing. The specimens
were transported to the laboratory where the total
(TL) length was measured to the nearest 0.1 mm
using a digital caliper and weight (W) to the nearest
0.001 g using a digital balance. All the captured
fish specimens were immediately preserved in a
plastic barrel containing 70 % ethyl alcohol solution for later analysis. For each fish, the total
weight (g), fork length (mm) and sex were recorded. The differences between the length and weights
of females and males were tested with the "t" test.
The relationship between TL and W was determined by the equation W= a Lb, where W is the
weight in g, L is the total length in mm, and a and b
are the parameters to be estimated from the regression graphic. Condition factors were calculated
XVLQJ5LFNHU¶VLVRPHWULFJURZWKHTXDWLRQ .)  :-

KEYWORDS:
Karacaoren I Dam Lake, growth, Sand smelt, Atherina
boyeri, Turkey.

INTRODUCTION
Sand smelt is a small inshore fish species
spread in the Mediterranean and Eastern Atlantic
coasts. The spread areas in our country are inland
waters including lakes, lagoons and natural lakes
connected with the sea. It was first reported in 2000
in Lake Iznik in Turkey and then continued to enter
various water resources in various ways. There are
various studies on the biological properties of sand

9392

© by PSP

Volume 27 ± No. 12A/2018 pages 9392-9398

GW/ L3)* 100) [8]. The differences between the
mean length and weights of females and males were
tested with the independent-samples t-test. Similarly, the t-test was used to compare the differences in
sex ratios. In the statistical analysis of the obtained
data, "SPSS 15 for Windows" packaged software
was used, and the t-values and significance levels
(p= 0.05) found were also presented.

Fresenius Environmental Bulletin

the course of time, and as the rival species to pikeperch which is the only predator fish species in the
lake, sand smelt and rainbow trout that escaped to
the lake from the fish farms took their place in the
food chain.
In a study conducted on pikeperch, which
formed artificial populations in 1999, has begun to
be rarely seen in the lake since 2009. Particularly in
(OVD]Õ-.Õ]ÕOOÕ UHJLRQ ZKHUH ILVKLQJ ZDV FDUULHG RXW
intensively, fishing has been almost at a standstill,
and pikeperch has changed its habitat and migrated
to the mouths of the streams as a living environment. It is thought that C. gibelio and A. boyeri,
which are considered to be the invasive species that
entered the lake afterwards, are effective on the
habitat changes of economically fished fish species
in the lake. Kuru et al. [11], in their studies, mention that the decline in the number of economic fish
species in dam lakes in recent years was caused by
the Atherina boyeri subsequently inseminated into
these dam lakes. They stated that these invasive
species would have adverse effects on the nutritional regime of economic fish. They reported that they
cause great harm to the fish, especially such as
catfish and pikeperch, which have a high economic
value, by eating their eggs. Another study on the
nutritional characteristics of A. boyeri conducted in
2018 found that sand smelt consumes eggs and
larvae of other fish [12-14].

RESULTS AND DISCUSSION
There is a connection between Karacaoren I
Dam Lake and Lake Egirdir via Lake Kovada and
the Aksu River [9]. For this reason, changes that
occur in Lake Egirdir affect Karacaoren I Dam
Lake, and some fish species also enter the lake
through this connection. In a study conducted by
&XEXN DQG %DOÕN >@ LW ZDV VWDWHG WKDW WKH pikeperch and carp found in Karacaoren-I Dam Lake
originated from Lake Egirdir; the sand smelt inseminated to Lake Egirdir in 2002 started to be observed intensely in Karacaoren I Dam Lake in the
following years [7].
As sand smelt entered Karacaoren I Dam
Lake, there was a decrease in the pikeperch and
carp populations, which are the economic fish of
WKHODNH,WZDVREVHUYHGE\&XEXNDQG%DOÕN>@
that the carp, reported to be dominant in the lake,
was replaced by silver cyprinid and sand smelt in

FIGURE 1
Karacaoren I Dam Lake Map.
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Neretva River [17], 1:1.30 in the Gomishan wetland
[18], 1:LQ+LUIDQOÕ'DP/DNH>@ and 2.5:1 in
/DNH ø]QLN >@ LQ IDYRXU RI IHPDOHV ,W LV VKRZQ
that the sex ratio is in favour of females due to the
fact that they are more resistant to environmental
changes. Furthermore, the fact that females have a
longer life expectancy and possibly a higher survival rate affects this ratio.
When the length distribution of A. boyeri was
examined, it was observed that their total length
varied between 4.5 and 8.5 cm (Table 1). It was
observed that females have a length range between
4.5 cm and 8.5 cm while males have a length range
between 4.5 cm and 6.9 cm. The difference between
the length averages of female and male fish is significant (t= 3.474, p= 0.001). It was determined that
individuals with a length of 5.0-5.9 cm constituted
the majority of the population (81.47%) (Figure 3).

A statistically significant difference in distribution (p= 0.017) was determined between female
and male individuals, and 44.64% of 513 A. boyeri
caught in Karacaoren I Dam Lake were female, and
55.36% were male (Figure 2). The sex ratio obtained for the A. boyeri population in Karacaoren I
Dam Lake was determined as 1:1.24 (F: M; 229
females: 284 males). Likewise, in the populations
of Lake Egirdir, the sex ratio was found to be dominant in favour of males (1:1.34) [15]. This is due to
the fact that both lakes formed similar populations
because of their connection with each other, and A.
boyeri was caught in the months covering the
spawning period.
There are also studies in which the sex ratio is
in favour of females. For example, the sex ratio
(M:F) was reported to be 1:1.24 in the Mesolongi
and Etholikon Lagoons [16], 1:1.30 in the Mala

FIGURE 2
Sex composition of A. boyeri in Karacaoren I Dam Lake.
TABLE 1
The average total length, weight and condition factor values and length-weight relation parameters of A.
boyeri in Karacaoren I Dam Lake.
Sex

N

F

229

M

284

F+M

513

TL±SD
(min-max)
5.6± 0.506
(4.8- 8.5)
5.49± 0.348
(4.5- 6.9)
5.6± 0.431
(4.5- 8.5)

W±SD
(min- max)
1.2± 0.369
(0.7- 4.1)
1.121±0.221
(0.633-2.282)
1.169± 0.301
(0.633- 4.1)

Length- weight parameters
a
b
r2
0.0099
2.7746
0.8997
0.0097

2.7826

0.827

0.0096

2.7912

0.8722

FIGURE 3
Length composition of A. boyeri in Karacaoren I Dam Lake.
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CF±SD
(min- max)
0.675± 0.05
(0.481- 0.878)
0.670± 0.054
(0.531- 0.864)
0.673± 0.54
(0.482- 0.878)
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[18], and higher than the value found for Lake
Egirdir [14].
The average condition factor values of A. boyeri according to sexes were found to be 0.675,
0.670, and 0.673 for females, males and all individuals, respectively (Table 1). According to this, the
difference between the average condition factors of
female and male individuals was not statistically
significant (t= 1.103, p= 0.271). The condition
factor value of females was found to be higher than
that of male individuals. In this study, the condition
factor values obtained for all individuals were
IRXQGWREHORZHUWKDQWKHYDOXHVRI/DNHø]QLN>@
and Lake Egirdir [14] when compared to the studies
conducted in other regions. It was also found to be
KLJKHUWKDQWKHYDOXHVRI+LUIDQOÕ'DP/DNH>@DQG
the Vistonis Estuarine System [20]. In this difference between the condition factor values, different
environmental conditions of the wetlands where the
study was carried out, the abundance of nutrients in
the environment and the sampling period are effective.

The body weights of female and male A. boyeri examined ranged from 0.70 to 4.10 g in females
and from 0.63 to 2.28 g in males, respectively (Table 1). The difference between the average weights
of female and male individuals was found to be
significant (t= 3.905, p= 0.000). Individuals with an
average weight ranging from 0.80 to 1.6 g constituted the majority of the population (96.87%) (Figure 4).
The growth pattern of a fish species is determined using the length-weight equation. This value
is also used in the comparison of populations in
different aquatic environments. This value between
2.5 and 3.5 shows that growth is normal, and the b
value less than 3 shows that there is a negative
allometric growth. In this study, the b value showed
negative allometry for both sexes. The lengthweight relation parameters obtained for Karacaoren
I Dam Lake population were compared with the
populations at different locations and presented in
Table 2. It was determined that the b value obtained
was lRZHU WKDQ WKH YDOXH IRXQG IRU +LUIDQOÕ 'DP
Lake [5], Lake Iznik [19], the Gomishan wetland

FIGURE 4
Weight composition of A. boyeri in Karacaoren I Dam Lake.

FIGURE 5
Length- weight relationships female A. boyeri in Karacaoren I Dam Lake.
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FIGURE 6
Length- weight relationships of male A. boyeri in Karacaoren I Dam Lake.

FIGURE 7
Length- weight relationships total A. boyeri in Karacaoren I Dam Lake.
TABLE 2
Comparison of the length-weight relation parameters of A. boyeri in Karacaoren I Dam Lake with the
values in different locations.
Habitat
Mesolongi and Etolikon Lagoon,
Greece

N
4269

Length-weight relationships
parameters
a
b
4.168 x10-3

3.15

-3

Mala Neretva River, Croatia

1200

3.43 x10

3.24

Ria de Aveiro, Portugal

2503

3.3 x10-3

3.35

Gomishan Wetland, Iran
Iznik Lake, Turkey

2256
237

0.5 x10-2
7.345 x10-3

3.06
3.05

+LUIDQOÕ'DP/DNH7XUNH\

674

3 x10-6

3.16

Karacaoren I Dam Lake, Turkey

513

0.96 x10-2

2.79
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[6] Becer Ozvarol, Z.A. and Karabacak, G.S.
(2011) Changes in the population structure of
pikeperch (Sander lucioperca (Linnaeus,
1758)) Karacaoren I Dam Lake, Turkey. Journal of Animal and Veterinary Advances. 10(2),
224-228.
[7] Gulle, I. (2005) Taxonomy and ecological
relationships of plankton in Karacaören I Dam
Lake (Burdur). PhD thesis. Süleyman Demirel
University Faculty of Arts and Sciences, Isparta, Turkey.
[8] Erkoyuncu, I. (1995) Fisheries Biology and
3RSXODWLRQ '\QDPLF 2QGRNX] 0D\ÕV 8QLYHU
sity Publications. No: 95, Samsun, 265p. (in
Turkish).
[9] Atayeter, Y. (2000) Geomorphology of the
Aksu River Basin. PhD thesis. Marmara University Institute of Social Sciences øVWDQEXO
Turkey (in Turkish).
[10] Çubuk, H. DQG%DOÕN, I. (1997) Identification of
fish species and determination of densities of
fish populations in a Dam Lake Karacaören-I.
Journal of Fisheries and Aquatic Sciences.
14(3-4), 307-312.
[11] Kuru, M., Balik, S., Ustaoglu, M.R., Unlu, E.,
Taskavak, E., Gul, A., Yilmaz, M., Sari, H. M.,
Kucuk, F., Kutrup, B. and Hamalosmanoglu,
M. (2001) Estimation as per Fish Criterion of
Ramsar Pact of Wetlands in Turkey. T.C.
dHYUH %DNDQOÕ÷Õ dHYUH .RUXPD *HQHO
0GUO÷ 7& *D]L hQLYHUVLWHVL 9DNIÕ
Kesin Rapor, 289p. (in Turkish).
[12] $SD\GÕQ<DJFÕ0$OS$<DJFÕ$8\VDO
R. and Yegen, V. (2018) Feeding ecology and
prey selection of sand smelt, Atherina boyeri
Risso, 1810 in Egirdir Lake (Southern Anatolia, Turkey). Journal of Applied Ichthyology.
34(4), 815-824.
[13] Gencoglu, L., Kirankaya, S.G., Yogurtcuoglu,
B. and Ekmekci, F.G. (2017) Feeding Properties of the Translocated Marine Fish Sand
Smelt Atherina boyeri Risso, 1810 (Atherinidae) in a Freshwater Reservoir. Acta Zoologica Bulgaria. Suppl. 9, 131-138.
[14] Kucuk, F., Gulle, I., Guclu, S.S., Gumus, E.
and Demir, O. (2006) Effect on fishing and
lake ecosystem of sand smelt (Atherina boyeri
Risso, 1810) as an invasive species. In: National Fishing and Rezervoir Management Symp.,
7-9 February, Antalya, Turkey. 119-128. (in
Turkish).
[15] Kucuk, F., Guclu, S.S., Gulle, I., Guclu, Z.,
Cicek, N.L. and Diken, G. (2012) Reproductive
Features of big scale- sand smelt, Atherina
boyeri (Risso, 1810) an exotic fish in Lake
Egirdir (Isparta, Turkey). Turkish Journal of
Fisheries and Aquatic Sciences. 12, 729-733.

CONCLUSION
Karacaoren I Dam Lake and Lake Egirdir are
lakes with high potential to affect each other ecologically and limnologically due to the connection
between them. The majority of the fish species in
Karacaoren I Dam Lake originated from Lake
Egirdir. Supporting the spawning of the fish in one
lake also affects the other lake. For this reason, it
should be taken into consideration that Karacaören I
Dam Lake will be affected by the spawning support
to be performed in Lake Egirdir because of the
connection between them.
It is observed that the balances have changed
in Karacaoren I Dam Lake in terms of the fish population. It is believed that silver cyprinid and sand
smelt among the invasive species in the lake create
pressure on other species in terms of nutrient sharing and have effects on the declining amount of
fishing in the lake. Furthermore, considering the
high adaptability of A. boyeri and the studies reporting that they consume the larvae and eggs of
other fish, it is necessary to study the growth conditions of these invasive species periodically under
the dam lake conditions and their interactions with
other fish species. By keeping the invasive species
under control in this way, necessary precautions can
be taken to prevent their spread in our inland waters.
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The removal of Ni(II) using Uludag fir ( 
   subsp.   Mattf.) was
investigated as a function of severeal parameters
such as initial Ni(II) concentrations, solution pH, adsorbent dosage, temperature and contact time by
batch experiments. Experimental data were analysed
using the Langmuir and Freundlich isotherms. It was
found that the isotherm data was best fitted with
Langmuir isotherm (R2= 0.97). Kinetic studies indicated that the pseudo second order kinetic model fit
better than the pseudo first order kinetic. Also the
thermodynamic parameters (ΔG°, ΔH°, ΔS°) were
performed and the results indicated that the adsorption process was feasible, spontaneous and endothermic in nature. The results obtained that use the waste
to treat the waste. The results suggested that Uludag
fir (     subsp.  
Mattf.) is a potent candidate for efficient biosorbent
for removing Ni(II) from aqueous streams.

+2 oxidation state, Ni(II), is the most common in biological systems [5]. Nickel is frequently released
from various industries such as mineral processing,
electroplating, production of paints and batteries [6].
Human can be exposed to nickel through inhalation,
oral, drinking water, consumption of some food or
smoking. This pollution can lead to serious illnesses
such as nickel allergy, lung cancer, laryngeal cancer
and kidney diseases. The presence of nickel in drinking water above the permissible limit of 0.02 mg/L
(WHO drinking-water quality standards). Thus, the
removal of nickel from wastewater is of great importance for ecosystem stability and human health
[7]. Due to the high cost of heavy metals removal
methods, it is necessary to develop cheap, environmentally friendly and easily applicable methods that
are alternative to existing process. The most economical and effective process, along with various
methods for the treatment and recovery of heavy
metals, is the biosorption process. There are a wide
variety of biosorbents used for the biosorption process. In the literature reviews, there are a various
studies in which forest waste is used as a biosorbent
to remove Ni(II) from aqueous solutions such as
Bark from    [8] pine bark (PB), pine
cone (PC) [9], sawdust [10], Waste tea leaves [11],
Meranti sawdust [12].
In the forest areas of Turkey, seasonally and in
various activities, uneconomic waste such as roots,
leaves, bark, branches and pine needles remain on
the soil. The creation of alternative uses for these
high-yield wastes will provide an economic opportunity for developing countries. Moreover, due to
forest fires and the increase in forest management activities in recent years, efforts are being made to use
in-forest wastes with more environmentalist approaches.
This study involves the adsorption of Ni(II) using Uludag fir         
  Mattf. from aqueous solutions by batch
experiments. The influence of several parameters
such as initial Ni(II) concentration, initial pH, ,adsorbent dosage, temperature and contact time was
studied. Langmuir and Freundlich isotherms were
applied to experimental data at certain temperatures.
The adsorption kinetics of the Ni(II) was studied using the the pseudo-first order and pseudo-second

)( #$
Ni(II), Uludag fir, adsorption, forest biowaste, kinetic,
thermodynamic,
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In recent years water pollution from heavy metals (Cd, Hg, Pb, Cr, Ni, Cu, Zn, and Co) has become
a major environmental problem. It is well known that
some of the heavy metals are toxic or have a detrimental effect on many life forms [1, 2]. These heavy
metals are not biodegradable and their presence in
streams and lakes lead to bioaccumulation in living
organisms, causing health problems in animals,
plants and human beings [3]. Heavy metals are used
in many industries such as metal plating, mining operations, tanneries, chloralkali, radiator manufacturing, smelting, alloy industries, storage batteries industries, etc. [4].
Nickel one of the major heavy metal group is
found in the earth's crust, and the natural source in
the atmosphere is dust from hurricanes and volcanoes. It is a silver-white metal found in several oxidation states (ranging from -1 to +4), however, the
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The suspensions were centrifuged by centrifuge
(Nüve NF200). The Ni(II) concentrations were analyzed using by Atomic Adsorption Spectrophotometer (Shimadzu AA7000).
The equation of adsorption capacity of Ni(II)
(qe) onto Uludag fir is given as follow:
;  <&
) : 0 ' 5
(1)
where C0 and Ce (mg/L) are the initial and equilibrium metal concentrations, respectively; W is the
mass of adsorbent (g); V is thevolume of metal solution (L).

order. Also various thermodynamic parameters were
applied.


%#$% $

!:.8*:*<2767/-;7:+.6<The one of the forest waste, Uludag fir (       
    Mattf.) was used to remove Ni(II)
from aqueous solutions and this biosorbent was obtained from local source of Bartın. Firstly, biosorbent washed with distilled water to remove impurities and then it was dried at 80°C for 24 h to reduce
the moisture content. Dried biomass was grind and
sieved to get particle in the ranges from 0.5-1 mm.

#$&%$$&$$ 

//.,< 7/ 62<2*4 2 76,.6<:*<276; The
influence of initial Ni(II) concentrations was investigated and the results are presented in Fig. 1. It has
been seen that the removal efficiency of Ni(II) was
observed to decrease from 85.4% to 49.3% with an
increase in Ni(II) concentrations from 5.0 to 50.0
mg/L. Removal efficiency is increased due to the
presence of sufficient active binding sites at low concentrations. Because metal ions are in competition to
bind to the surface of the adsorbent and there is insufficient binding active site, adsorption efficiency
is decreased at high concentrations. When the adsorption capacity is examined, it is determined that
the adsorption capacity increased from 0.85 to 4.93
mg/g with increasing initial Ni(II) concentrations
from 5 to 50 mg/L. The increase in the driving force
at high concentrations has led to an increase in the
adsorption capacity.

1.52,*4; All chemicals used in this study
were of analytical grade. 250 mg/L stock solution
were prepared from Ni(NO3)2·6H2O salt. The solutions at the desired concentration (5-50 mg/L) were
obtained by diluting stock solutions with distilled
water. The initial pH of the solutions was adjusted
using 0.1 M HCl and 0.1 M NaOH solution.
?8.:25.6<*4!:7,.-=:.The adsorption capacity of the Uludag fir was performed by batch experiments. The adsorption capacity of the Uludag fir
was performed by batch experiments. The amount of
0.5 g adsorbent was placed in 250 mL Erlenmeyer
flasks which 100 mL Ni(II) solution of 25 mg/L
Ni(II) concentration was added. The experiments
were performed in orbital shaker (Jeio Tech IST4075R) for a period of 3 hour at 150 rpm at 25 oC.

&# 
//.,<7/262<2*42,76,.6<:*<276;
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%1..//.,<7/+27;7:+.6<-7;*0.
//.,<7/27;7:+.6<7;*0.The influence of
biosorbent dosage at 1-15 g/L on Ni(II) removal was
determined and the results are shown in from Fig. 3.
A rapid increase in removal efficiency was observed
when the biosorbent concentration increased from 1
g/L to 5 g/L. As the biosorbent concentration increased from 5 g/L to 15 gr/L, the adsorption efficiency has continued to increase slowly. In addition,
the adsorption capacity is reduced by increasing biosorbent dosages. As the biosorbent concentration
increases, sufficient binding site and biosorbent surface area is available for Ni(II) ions to attach to the
biosorbent surface. As the concentration of the biosorbent decreases, the metal ions are in a race condition, since there is not enough binding sites to bond
for the metal ions, which reduces the efficiency. Subsequent studies have been carried out with a 10 g/L
biosorbent dosage.

//.,<7/62<2*48In this study, experiments
were perfromed at the 3.2-8 pH to investigate the effect of initial pH and the results are shown in Figure
2. Removal efficiency was increase with increase in
initial pH and optimum pH was found 6.5. Removal
efficiency of Ni(II) increased from %7.7 to %77.8 as
the pH increased from 3.2 to 8.0 pH. When the pH
was increased from 6.5 to 8, the adsorption efficiency was slightly changed. The hydrogen ions in
the solution compete with other cations, resulting in
a lower removal efficiency, when the pH value of the
solution decreases, As the pH value increases as a
whole, the hydrogen ion concentration in the solution decreases and the hydroxyl ion increases. The
increase of the negative charge on the adsorbent surface facilitates the binding of metal ions to the biosorbent surface.
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//.,< 7/ %.58.:*<=:. *6- 76<*,< %25.
The effect of temperature on the adsorption of Ni(II)
by Uludag fir is shown in Figure 4. The amount of
10g/L adsorbent was added Ni(II) solution of 50
mg/L. Removal efficiency of Ni(II) was increased
from 51% to 54.3% as the temperature increased
from 15°C to 45°C. This suggests that biosorption of
Ni(II) is kinetically controlled by an endothermic
process. The influence of contact time on Ni(II) adsorption was investigated and the biosorption rate of
the metal ions was highest within 15 min of contact
time. After that time, as the contact time increased,
the adsorption efficiency increased slowly and
reached the equilibrium at the end of the 180 minute.

Langmuir and Freundlich isotherms are compared,
the best values for each temperature are obtained in
the Langmuir isotherm. The maximum biosorption
capacity (qmax) for Ni(II) at 45°C was obtained as
4.71 mg/g.
-;7:8<276326.<2,;Pseudo first order kinetic
and pseudo second order kinetic models were calculated by using Eguation 4 and Equation 5, respectively:
+
(4)
;) 9 / < : ) 9 = 1 > 


/
.7

6

3 6

5


2 .5

/

2

8.

(5)

5

Where is the contact time (min); 1 is the first order
adsorption rate constant (min−1), and is the adsorption capacity at equilibrium and time , respectively (mg/g). When log(qe-qt) was plotted against t,
the values of e and k1 were obtained from the slope
and intercept of the fitted line, respectively.  is the
second order adsorption rate constant (g/mg. min).
When t/qt was plotted against t, the values qe and k2
were determined from the slope and intercept of the
plot, respectively. In order to describe the biosorption mechanism, the kinetic studies were performed
at 15°C - 45°C using pseudo-first order and pseudosecond order kinetic models. The amount of 10g/L
adsorbent was added Ni(II) solution of 50 mg/L. The
results are presented in Figure 5. and Table 2. R2 values were found higher in the pseudo second order kinetic model as seen in Table 2. In addition, qe,cal.values in the pseudo second order are found closer to
qe,exp. As a result, kinetic studies indicated that the
pseudo second order kinetic model more convenient
than the pseudo first order kinetic.

-;7:8<276 ;7<1.:5; Adsorption isotherms
are used to explain the interactions between adsorbent and adsorbate [13]. The linear form of the Langmuir and Freundlich isotherm models are given by
Equations. 2 and 3 respectively.




: . 8 ! .  (2)
.
5

:+



(3)
 :  * 8  )
,
where  is the adsorption capacity at equilibrium
(mg/g); Ce is the unadsorbed Ni (II) in solution, m is
maximum adsorption capacity (mg/g); L is the
Langmuir constant (L/mg). When 1/Ce was plotted
against 1/e, the values of L and m were obtained
from the slope and intercept of the fitted line, respectively. Kf and n are the Freundlich constants. These
parameters can be determined from the plot of loge
vs. loge, respectively. In this study experimental
data were evaluated using the Langmuir and Freundlich isotherms at different temperature study. The
biosorption isotherms for Ni(II) onto the Uludag fir
are listed in Table 1. When the R2 values for

&# 
//.,<7/<.58.:*<=:.*6-,76<*,<<25.

9402



&%

# ' ! 



 





 !#!$ "#"


% 
*605=2:*6-:.=6-42,12;7<1.:58*:*5.<.:;/7:<1.*-;7:8<2767/276<7&4=-*0/2:
:.=6-42,1;7<1.:5;
*605=2:;7<1.:5;
6
#
95*?500
50
#
/
7
0.801
1.731
0.910
4.645
0.256
0.972
7
1.059
1.940
0.963
4.649
0.299
0.971
7
1.101
1.949
0.965
4.713
0.314
0.973

%B
15
25
45

9..?8
2.55
2.70
2.72

% 
26.<2,8*:*5.<.:;/7:+27;7:8<2767/276<7&4=-*0/2:
!;.=-7/2:;<7:-.:
!;.=-7;.,76-7:-.:
3  526
9.,*4500
#
9.,*4500
3 050526
1
0.030
1.088
0.899
2.600
0.0929
0.628
0.027
1.012
0.863
2.737
0.1030
0.771
0.034
0.966
0.890
2.756
0.1321
1.003

#
0.999
0.999
0.999

*+
&#
!47<;+27;7:8<276326.<2,.9=*<276;*<1.8;.=-7/2:;<7:-.:*6-+<1.8;.=-7;.,76-7:-.:+27;7:8<276
326.<2,;
and 83.7 kJ mol−1) in the Arrhenius equation (high
Ea). However, in some systems the chemisorption
occurs very rapidly, suggesting the activation energy
is near zero. This is termed as a nonactivated [14,
15]. Activation energy for the biosorption of Ni(II)
using Uludag fir are shown in Figure 6. The activation energy of biosorption (Ea) and correlation coefficient (R2) was found to be 9.028 kJ/mol and 0.995,
respectively. Since the activation energy calculated
for Uludag fir was greater than 4.2 kJ/mol adsorption
process indicated chemical adsorption.

Finally, h value Equation 6 described below:
 :  ;) <
(6)
where is the initial sorption rate (mg/g min).
,<2>*<2766.:0@7/2-;7:8<276The
magnitude of activation energy may give an idea
about the type of adsorption. The activation energy
is used to determine whether the adsorpion species is
physical or chemical. According to the Arrhenius
equation, activation energy is expressed as:

(7)
 : = #%4> 8 
Where Ea is activation energy; T stand for the
temperature (Kelvin); R is the gas constant (8.314
J/mol.K) and A is a constant called the frequency
factor. The activation energy for physical adsorption
is generally no more than 4.2 kJ/mol because the
forces involved in physisorption are weak. Moreover, two kinds of chemical adsorption are encountered, activated and nonactivated. Activated chemisorption means that the rate varies with temperature
according to finite activation energy (between 8.4

%1.:57-@6*52, $<=-@Thermodynamic parameters of standard Gibbs free energy (ΔG°), standard enthalpy (ΔH°) and standard entropy (ΔS°) were
calculated below.
 " : 9  (
(8)
 - :   - 9  (9)
$
 
 ( :
9
(10)
#
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,<2>*<276.6.:0@7/2+27;7:8<276

% 
%1.:57-@6*52,8*:*5.<.:;/7:<1.*-;7:8<2767/276<7&4=-*0/2:
Sample
Uludag Fir

ΔHo (kJ/Kmol)
4.939

ΔSo
(J/molK)
72.914



Where; Kc is the adsorption equilibrium constant; T
(K) is the temperature; R (J·mol−1·K−1) is the gas
constant. The amounts of ΔH° and ΔS°could be calculated from the slope and intercept of the straight
line obtained by plotting ln Kcagainst 1/T.
The values of ΔG°, ΔH°, ΔS° are shown in Table
3. In this study, negative value of ΔG° for all studied
temperatures indicated that the biosorption process
is feasible and spontaneous. The positive ΔH° value
(4.939 kJ/Kmol) indicated that the biosorption process is endothermic. Also the positive value of ΔS°
(72.914 J/mol K) indicates the randomness at the
Uludag fir- solution interface.


 &$ $

Batch experiments were conducted for adsoption of Ni(II) using Uludag fir (    
      Mattf. from aqueous solutions. The influence of experimental parameters such
as initial Ni(II) concentration, solution pH, adsorption dosage, temperature and contact time were investigated. The biosorption data was best fitted with
Langmuir isotherm. The maximum biosorption capacity was obtained to be 4.71 mg/g at 45°C. The
equilibrium adsorption data followed pseudo-second
order kinetic model. Thermodynamic parameters
(ΔG°, ΔH°, ΔS°) indicated that the adsorption process
was feasible, spontaneous and endothermic in

15
-16.043

ΔGo (kJ/mol)
25
-16.847

45
-18.243

nature. It can be concluded that biomass of forest
biowaste has a potential for use as an alternative biosorbent material for the removal of Ni(II) from
aqueous stream since it has the advantages of easy
supply, low cost, high biosorption capacity and reasonable rapid biosorption rate.


 (%$
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THE EFFECTS ON GROWTH PARAMETERS,
PHOTOSYNTHETIC PARAMETERS AND CR (VI)
REMOVAL RATE OF THALIA DEALBATA IN CR (VI)
HIGH-SALT WASTEWATER
Dandan Li, Jianqiu Han*
College of Ecological Technology and Engineering, Shanghai Institute of Technology, 201418 Shanghai, China

interfering plant growth, nutrient uptake and photosynthesis, inducing the increasing generation of reactive oxygen species, which lead to lipid peroxidation and alter the antioxidant activities. Therefore,
the plants tolerate Cr toxicity via various defense
mechanisms [6].
High-salt wastewater contains a large number
of typically inorganic salt originates from industrial
companies, such as tanneries, textiles, seafood processing and oil production [7]. High-salt wastewater
is one of the major problems in wastewater treatment
industry. There are a lot of methods, for instance, biological and physico-chemical system was applied to
treat the high-salt wastewater [8]. Nevertheless, most
microorganisms are unable to cope with a high salinity environment; they will die or become dehydrated
and dormant causing the difficulties in biodegradation for the saline wastewater [9-10].
T.dealbata is a perennial aquatic herb with the
high adaptability and the high ornamental value.
Owing to adsorbing heavy metals and growing fast,
so it is a powerful macrophyte for wetland
wastewater treatment [11, 12].
This study aimed at (1) the growth parameters,
the gas exchange characteristics and Chlorophyll fluorescence parameters of the T.dealbata plants in different Cr (VI) concentrations (1 %, 2 %, 3 %, 4 %, 5
%) were explored how the heavy metal chromium
affects dynamic photosynthesis and its regulation for
the T.dealbata plants in the High-Salt wastewater;
(2) Evaluate and analyzes Cr (VI) removal rate of the
T.dealbata plant in digestion solutions.

ABSTRACT
In this study, 18 set of the microcosm-submerged wetlands were built to evaluate and analysis
growth parameters, the gas exchange characteristics
and Chlorophyll fluorescence parameters of
T.dealbata plants in the different Cr (VI) concentrations high-salt wastewater; The results showed that
the plant height, fresh weight, dry weight and root
parameters had no significant change in 1 %, 2 %, 3
% Cr (VI) concentrations high-salt wastewater, but
the Cr (VI) treatments of 4 % and 5 % could inhibit
the growth of T. dealbata plant. Leaf photosynthetic
parameters and chlorophyll content of T. dealbata
were not inhibited when Cr (VI) concentrations were
below 3 %, and could restore to be normal. When the
Cr (VI) concentration was 3-5%, the T.dealbata began to wilted be or died, and the photosynthetic,
chlorophyll parameters significantly dropped. Cr
(VI) removal rate in digestion solutions would become maximum at the certain experience phase for
different Cr (VI) concentrations solution, and then
decreased. In the plant adsorption of the heavy metal
of the 4% and 5% treatment, the concentration of the
solution increased and was greater than the original
concentration of the solution at the 70th day.

KEYWORDS:
Photosynthetic characteristic, T. dealbata, wetland, Chlorophyll, Chromium (Cr)

INTRODUCTION
MATERIALS AND METHODS

Chromium (Cr) is a potentially toxic heavy
metal which can be commonly found in the industrial
effluents such as tanneries, electroplating, leather
tanning, steel fabricating, photographic [1, 2]. Chromium (Cr) exists in the environment as Cr (III) (trivalent) and Cr (VI) (hexavalent) forms [3, 4]. However, Cr (VI) (hexavalent) is recognized as restricted
items due to being carcinogenic [5]. Cr provokes numerous deleterious effects on the biochemical, morphological, and physiological process inside the
plant. Chromium induces phytotoxicity by

Experimental design. The present study was
carried out in a greenhouse of Shanghai Institute of
Technology in Shanghai City, China, during the period from 5 March to 15 May 2018. 18 set of the microcosm-submerged wetlands were constructed. All
of the submerged wetlands were simulated as the
containers made of plastic drum, with a size of 400
mm in height, 200 mm inner diameter.
The substrates of 18 set of the microcosms were
packed with 150mm marble chips (the grain size of
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respectively. The dry weight was treated by drying
at 75Υ for 72 hours in an oven to determine [13].
Root image scans were stored in the PC, using
the image analysis software LA-90 Root Analyzer
WinRHIZO (Regent Instruments, Canada) to measure the total root length, total tips, total projected
area et al. [14].

marble is 10-25 mm) and a 150 mm construction
waste (the grain size of marble is 15-30 mm) above
the marble beds, which were shown in Fig.1.

Gas exchange characteristics. The net photosynthetic rate (Pn), intercellular CO2 concentration
(Ci), stomatal conductance (Gs) and transpiration
rate (Tr) were obtained by measuring steady-state
leaf on the LI-6400XT photosynthesis system (LiCor Biosciences, Lincoln, Nebraska, USA), Measurements conditions were maintained in the greenhouse, and a humidifier was turned on to keep the
relative humidity at about 60 - 70% [15, 16]. The
new leaves were selected on the top of the plants
measured at 9:00-12:00 am.
Chlorophyll fluorescence parameters. After
30min dark adaptation, Fv/Fm (maximal photosynthetic efficiency in the dark condition) and Yield (actual photochemical efficiency) were analyzed by the
modulated chlorophyll fluorescence imager (Imaging-PAM 2500, Walzgongsi, Germany)[17].

FIGURE 1
The microcosm submerged wetland used in this
experiment

Chlorophyll (Chl) contents. The Chl content
was measured by SPAD-502 plus (Japan), a portable
chlorophyll meter, which can measure an index, related to the chlorophyll content of a leaf.

Plants treatment. The T. dealbata plant were
collected from the lake in a campus of Shanghai Institute of Technology. The roots were washed with
ultra-pure water three times to remove surface-deposited organic and inorganic. The plants were regularly irrigated with modified Hoagland¶s nutrient
solution (pH=5.5), and were randomly rotated daily
to avoid the position effects on plant growth. Then
the vigorous growth and similar sizes plants were selected to start experiment after cultivation for 14
days.

Cr (VI) contents in digestion solutions. The
filtered solutions were analyzed for the residual Cr6+
concentration according to the 1, 5-diphenylcarbazide method (detection limit of 0.02 mg/L Cr 6+) [18].
When the sample was collected, the pH of the sample
was adjusted to 8 with 1 mol/L sodium hydroxide.
All the obtained samples were centrifuged at 8000
r/min for 10 min on a high-speed centrifuge. Then
the absorbance was measured by the 752 n UV vis
spectrophotometer at 540 nm light [19].

Experimental methods. The plants were
grown in an environmentally controlled greenhouse
with the following conditions: temperature of 25 ± 2
Ԩ daytime and 15 ± 2 Ԩ night time, and relative humidity of about 60 - 70%.
The plants were divided into six groups with 9
plants each group, which were exposed to the nutrient solution with the 15 mg/L NaCl and 0 (as control), 1, 2, 3, 4 and 5 mg/L Cr(VI) (hexavalent) respectively, every treatment was repeated three times.
The nutrient solutions ultra-pure water was added
every three days to compensate for water loss due to
evaporation, and changed the nutrient solutions
every week to prevent nutrients depletion. The plants
grew for a total period of 13 weeks after the initiation
of salinity treatments, and their growth and development was monitored weekly.

Statistical analysis. The experimental data
were subjected to analyses of variance (ANOVA)
using Origin 8.0 statistical package (Origin Lab,
USA) to find a posteriori homogeneous sub-groups
of means that differ significantly at P < 0.05.

RESULTS AND DISCUSSION
Growth parameters and death rate.The
growth parameter was expressed by the plant height,
fresh weight, dry weight, root length, surfarea, root
volume and tips. From the table 1, Cr (VI) had no
significant effect on the growth parameter in 1%,
2%, 3% treatments. However, the results clearly
showed that plant growth in 4% and 5% treatment
decreased under short-term Cr (VI) stress after 70

Analytical methods. Measurement of growth
parameters. The plant height and weight were
measured with a ruler and electronic balance
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days comparing to the control. The plant height,
fresh weight, dry weight, root length, surfarea, root
volume and tips decreased by 44.5%, 41.7%, 74.1%,
46.4%, 37.9%, 34.8, 57.6% in 4% treatment comparing to the control. And these parameters were reduced by 75%, 64.6%, 76.3%, 80%, 37.9%, 51.7%
and 78.9% in 5% treatment comparing to the control
(Table 1). The reduced level of the growth parameters was higher than in 4% treatment.
Plant growth parameters are a comprehensive
indicator of short-term Cr (VI) stress and the most
intuitive tolerance indicator. Plant height growth,
fresh weight and root parameters can reflect plant biomass. The growth parameters of the T. dealbata
plant have no obvious change when the concentration is below 3%. However, the plant height growth
and fresh weight of the flower were gradually decreased with the increase of Cr (VI) stress concentration when the concentration is higher than 3%.

rate of T.dealbata reached to 77.8%. which were
shown in Fig.2.
Ashfaque et al. [20] reported that Cr reduced
plant growth by reducing dry mass and root growth
and the consequent lesser nutrient and water
transport from source to sink. Plants lack a specific
transport system for Cr, Cr have a direct impact on
cellular metabolism contributing to the reduction of
plant height, Cr also causes the deleterious effects on
plant physiological processes such as photosynthesis, water relations and mineral nutrition [21]. This
is due to that Cr accumulated in root, which inhibits
root growth because of the binding of metals on the
cell wall of root and retarded cell division and cell
elongation [22-24].
Photosynthetic parameters. The changes in
biomass are related with photosynthetic parameters
closely. The photosynthetic characteristics of
T.dealbata after short-term Cr (VI) stress was presented in Fig. 3. The results revealed that the photosynthetic parameters (Pn, Gs, Ci, Tr) of 1% and 2%
treatments were close to the control in the whole experiment.
In the whole phase, the Pn of 3%, 4% and 5%
treatment were lower than the control. The plant began to be wilted at the 42th day, so Pn decreased rapidly. At the 63th day, the plant began to die, so the Pn
was very low or could not be detected out.
During the experiment, Gs of 3%, 4% and 5%
treatment declined below the control, and decreased
gradually during the whole experiment.
From the 7th day, Ci of T.dealbata 3%, 4% and
5% treatment were higher than the control. Ci increased significantly, and the higher Cr (VI) content,
the more Ci increased. At the 40th day, Ci reached
the highest point and then fell. At the 7th day, 3%
treatment dropped, but the drop slowly and still staying at normal levels. 4% and 5% treatments remained the downward trend to the end of this experiment.
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FIGURE 2
The death rate of T.dealbata in this experiment
When the Cr (VI) concentration was 3%, the
T.dealbata began to wilted or died. As the Cr (VI)
concentration increasing, the death rate increased.
When the Cr (VI) concentration was 5%, the death

TABLE 1
Effects of Cr (VI) stress on growth parameters of T.dealbata
Treatments
0%
1%
2%
3%
4%
5%

Plant height
(cm)

Fresh weight
/(g plant-1)

Dry weight
/(g plant-1)

26.53
±0.15a
25.93
±0.05a
25.83
±0.06a
22.167
±0.12b
14.733
±1.01c
6.63
±0.15d

16.39
±0.11a
16.32
±0.01a
16.30
±0.02a
14.54
±0.05b
9.55
±0.12c
5.80
±0.21d

2.28
±0.04a
2.12
±0.03a
2.11
±0.03a
1.37
±0.24b
0.59
±0.03c
0.54
±0.03c

Root
Length
(cm)
1751.97
±27.82a
1733.55
±26.93a
1665.31
±11.11b
1630.68
±16.34b
939.89
±3.49c
350.39
±35.11d

Surf Area
(cm2)

Root Volume
(cm3)

Tips

585549.01
±36.19a
576580.31
±47.42b
576498.37
±110.71b
573310.47
±40.63c
363734.96
±7.45d
363734.96
±106.15d

13421602.17
±151.28a
13419617.09
±6.71a
12602710.51
±218.76b
12599552.38
±161.54b
9938259.87
±45.63c
6477509.153
±63.78d

428.6
±0.52a
425.0
±3.0a
363.33
±3.78b
362.67
±2.08b
181.67
±2.51c
90.33
±3.72d

Note: Each value is the mean s SE of three independent experiments (n=3). Different letters indicate significant differences at P < 0.05
according to Duncan¶s multiple range tests.
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FIGURE 3
The net photosynthetic rate (Pn), stomatal conductance (Gs), Intercellular carbon dioxide (Ci) and transpiration rate (Tr) of T. dealbata after short-term Cr (VI) stress

Chlorophyll fluorescence. The negative effect
of short-term heavy metal Cr (VI) stress on the chlorophyll fluorescence (FV/FM, Yield) was observed
after 7days. This was manifested by the decreased
Fv/Fm and Yield (Fig. 4). During the experiment
time, FV/FM and Yield activities in T.dealbata
leaves showed no obvious changes at 1% and 2%
treatment and close to the control. However, they
constantly decreased at higher Cr (VI) contents, and
the higher Cr (VI) contents, the lower FV/FM activities. At the 56th day, Yield of 3%, 4% and 5% treatments decreased seriously to 53 %, 68.2 % and 86.1
%, even no Yield values were detected out in 4 %
and 5% treatments at the 63th day because the
T.dealbata plants were withered or dead.
The chlorophyll fluorescence can reflect the absorption, transmission, dissipation and distribution
of light energy by the photosynthesis light system of
leaves. By studying the Chlorophyll fluorescence,
we can understand the growth of plants and the physiological conditions under stress. PSII can be used as
an indicator to determine whether the plant is

The transpiration rate (Tr) of T.dealbata under
Cr (VI) stress was below comparing to the control at
the 7th day, and the higher the Cr (VI) concentration,
the more Tr decreased. After then, the 3 % treatment
decreased slowly all experiment time. The 4% and
5% treatments remained the downward trend to end
of this experiment.
The decline in photosynthetic efficiency is one
of the important factors under Cr stress. Clijsters,
Yusuf and Iyengar [25-27] reported that the photosynthesis affected the electron transport, CO2 fixation, enzyme and photophosphorylation activities. In
this study, Pn and Gs decreased in 4% and 5% treatment respectively. While Ci increased at first and
then decreased, it suggested that the reduction in
photosynthesis was caused by stomatal conductance
at first, and then by other factors, perhaps enzymes
et al. In addition, Dixit et al. [28] reported that Cr
(VI) could disturb the electron transport processes in
plants. Otherwise, the slow growth of plants under
the influence of high concentration of Cr (VI) is also
a cause of the photosynthesis.
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during the all experiment time, the 2 % and 3% treatment dropped until to the 35th day, and then rise
slowly. 4% and 5% treatments remained the downward trend to the end of this experiment.
Cr (VI) stress decreases the leave¶s chlorophyll
content, Cr (VI) inhibites chlorophyll biosynthesis or
accelerates degradation [32, 33]. In addition, Cr (VI)
absorbs through plant roots and enters into the body
of the plant, gives rise to an imbalance of nutrients
and damages the structure chlorophyll, leading to the
inhibition of plant growth [34]. The change can reflect the change in photosynthetic structures to a certain extent. This result keeps the same trend as photosynthetic value.

inhibited by photosynthetic. The values of FV/FM
and Yield are obviously reduced under salt and Cr
(VI) stress, suggesting that Cr (VI) and salinity declined the inhibition of PSII electron transport. This
results in the reduction of the chlorophyll fluorescence quantum yield. It is agreed with the results of
Yali et al. [29]. The more decrease of the ȍPSII in
high Cr (VI) concentration treatment (4% and
5%treatment) during Cr (VI) stress, the more seriously photosynthetic reaction centers are damaged.
Furthermore, the restrain significant enzyme expression is also related to non-stomatal limitation. 1, 5ribulose diphosphate oxygenase and shuttle enzyme
(Rubisco) as an important enzyme in CO2 fixation in
plant leaves plays an essential role in maintaining
photosynthesis [30, 31].
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FIGURE 5
The Chlorophyll (Chl) parameters (SPAD) of
T.dealbata after short-term Cr (VI) stress
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Cr (VI) removal rate in digestion solutions.
Cr (VI) removal rate in digestion solutions were
shown in Table 2. The removal rate will become
maximum for different Cr (VI) solution at the certain
experience phase, and then decrease. The removal
rate of Cr (VI) in 1% and 2% treatment reached
94.26% and 89.97% at 49th day; the removal rate in
3% treatment reached 84.92% at 28th day; the removal rate of Cr (VI) in 4% and 5% treatment
reached 63.34% and 48.70% at 7th day respectively.
Subsequently, the removal rate of Cr (VI) in the nutrient solution remained the downward trend to the
end of this experiment. It is caused by excessive accumulation of chromium in the plant and the adsorption capacity reaching the limit [35].
Besides, Cr (VI) concentration increased and
the removal rate below to -16.74% and -26.73%, at
70th day respectively. In the process of plant adsorption of heavy metal, there is also a phenomenon that
the concentration of the solution increases and is
greater than the original concentration of the solution. This is due to the plant wilted, dead and loses
water, so the heavy metal adsorbed by the plant enters the solution [36]. Therefore, the time of plant adsorption of heavy metals has a great impact on removal rate.
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FIGURE 4
The Chlorophyll fluorescence (FV/FM, Yield) of
T.dealbata after short-term Cr(VI) stress
Chlorophyll (Chl) parameters. The shortterm heavy metal Cr (VI) stress takes the effect on
the SPAD of T.dealbata. SPAD values of
T.dealbata. under short-term heavy metal Cr (VI)
stress were presented in Fig.5. At the 7th day, the
SPAD value of T.dealbata was lower than the control condition. The higher Cr (VI) content, the more
SPAD decreased. After then, SPAD of 1 % treatments restored closely to the level of the control
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TABLE 2
Cr(VI) removal rate in digestion solutions
Treatment
1%
2%
3%
4%
5%

7 days
80.35±0.47
80.03±0.02
68.13±0.03
63.34±0.12
48.70±0.1

Cr(VI) Removal Rate(%)
28 days
49 days
89.33±0.41
94.26±0.15
87.03±1.02
89.97±0.49
84.92±0.80
54.63±0.28
44.73±0.12
17.33±0.05
31.60±0.36
8.43±0.11

70 days
75.16±0.21
71.20±0.20
35.16±0.57
-16.74±0.02
-26.73±0.05

Note: Each value is the mean s SE of three independent experiments (n=3).

CONCLUSIONS

5()(5(1&(6

This study evaluated the tolerance mechanisms
against Cr(VI) stress on the of T.dealbata.
The plant height, fresh weight, dry weight and
root parameters had no significant change in 1 %,
2 %, 3 % Cr (VI) concentrations high-salt
wastewater, but the Cr (VI) treatments of 4 and 5 %
could inhibit the growth of T. dealbata plant. When
the Cr (VI) concentration was above 3%, the
T.dealbata began to wilted or died. As the Cr (VI)
concentration increasing, the death rate increased.
Leaf photosynthetic parameters of T. dealbata
were not inhibited when Cr (VI) concentrations were
below 3 %, and could restore to be normal. When the
Cr (VI) concentration was 3-5%, the T.dealbata began to wilted be or died, and the photosynthetic significantly dropped. This result keeps the same trend
as chlorophyll fluorescence and SPAD value.
Cr (VI) removal rate in digestion solutions
would become maximum at the certain experience
phase for different Cr (VI) concentrations solution,
and then decreased. In the plant adsorption of the
heavy metal of the 4% and 5% treatment, the concentration of the solution increased and was greater
than the original concentration of the solution because of the dead or wilted plant at the 70th day.
The results showed that T.dealbata had higher
adsorption effect on Cr (VI) when the Cr (VI) concentrations is below 3% in the wetland, and indicated
that short-term repairing of heavy metals Cr (VI) by
the T.dealbata plants was feasible.
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ABSTRACT

aphids according to Institutional Animal Care and
Use Committee (IACUC) compliance [1, 8]. The use
of animals in research must adhere to protocols
meeting minimal ethical requirements for collection,
maintenance, and experimental procedures. The
Health Research Extension Act of 1985 (Public Law
99-158) provides the legislative mandate for the
Public Health Service (PHS) Policy on Humane Care
and Use of Laboratory Animals (Policy) [1].The
Secretary of Health and Human Services to establish
guidelines for the proper care and treatment of animals used in research and for the organization and
operation of animal care committees. The law requires that the guidelines address appropriate use of
tranquilizers, analgesics, anaesthetics', paralytics,
and euthanasia, and appropriate pre-surgical and
post-surgical veterinary medical and nursing care for
animals [1]. The requirements for reporting minority
view animal care committee members for Animal
Welfare Assurances and for instruction or training in
methods that limit the use of animals or limit animal
distress are all embodied in this Act. The PHS Policy
implements the Health Research Extension Act of
1985 [2]. Moreover; control of a pest such as aphids
is becoming increasingly difficult, because the overproduction of resistance for individuals when using
chemical insecticides such as carbamates, organophosphates, and synthesized pyrethroids. Intensive
uses of insecticides lead to environmental pollution,
toxic to non-target organisms and residues in fruits
[8]. Plant products, no doubt, successfully tested for
various biological control activities of different insect pests such as the green peach aphid (GPA) [3,
4] and peach trunk aphid [5, 6]. However, availability and development of bio-pesticides research are so
far limited in Jordan and else whereNanotechnology has recently gained attention due to wide applications in different fields such as in medicine, environment and agriculture [7]. Particularly, the large
surface area offered by the tiny nanoparticles which
have high surface area, makes them attractive to address challenges where 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,

Insects are arthropods of invertebrate animals,
which are the most diverse and widespread community. Aphids are arthropods widely distributed as
herbivorous insects accounting for more than 4,300
described species. Approximately 100 aphid species
have successfully exploited agro-ecosystems to become economically important pests. Of which, about
20species have been developed at least one known
insecticide resistance mechanism. Moreover, control
of such a pest is becoming increasingly difficult, because the overproduction of resistance for aphid individuals when using chemical insecticides such as
carbamates, organophosphates, and the synthesized
pyrethroids. The use of nanoparticles as pesticides,
represent a novel method as an alternative practice
to the chemical pesticide control. Several experiments were carried out to measure the mortality percents of some of these nanomaterials. The Islamic
ethics and principles have played a major role in saving animal's rights; it called for mercy and kindness,
and considers killing the animals is forbidden without a benefit behind it. Actually the base of killing
animals is forbidden particularly when being for fun
and entertainment. On the other hand, the Islamic
principles allow killing animals for the sake of experiments and when benefits are greater according to
certain rules.
KEYWORDS:
Aphids, Green Peach Aphid, Pesticides, Nanoparticles,
Mortality, Killing Animals

INTRODUCTION
Insects are a group within the Division of arthropods of invertebrate animals, which are the most
diverse and widespread community. There are about
30 million species. They share their bodies to head,
thorax, abdomen, legs, and some live in water or on
land and their divisions according usefulness. The
first are useful insects such as bees and flowers bugs,
parasitoids and predators. The second are harmful insects such as bed bugs, house flies, mosquitoes and
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permissible for him to take his spirit except for a
manifest benefit or a desired benefit
As for the ruling on conducting medical experiments on animals, it is necessary to agree with the
purposes and principles of Islamic law and not to violate them. As is well known, the Islamic Sharia and
its rulings are found to be only for the sake of interest
and the prevention of corruption and the preservation
of the five essentials of self-preservation, money,
Religion, birth control, and the preservation of the
mind, if there is an interest of the human being realized by testing it, and this interest is clearly real, and
necessary, not for the purposes of luxury, we judge
the permissible, unlike the original because the
origin is prevention, The need is appreciated, recognizing that there is an initial damage "Harm is still",
but in line with the other purposes and rules of the
whole Islamic law, "the greatest harm is done with
the slightest harm". The harm to the animal as compared with the harm to which the human is subjected
in the absence of testing is the lesser damage, and to
another jurisprudential rule: "he shall bear the special damage for the payment of public harm" and the
harm to which the animal is entitled. In contrast, the
damage to the human being in the absence of testing
shall be deemed to be a public injury. And another
jurisprudential rule: "What is not obligatory is a
duty." It is well known that the preservation of selfpreservation is one of the five necessities and must
be preserved. If the preservation can only be
achieved through experimentation, then it is okay.
But necessity is appreciated. It is possible, being a
creature of Allah Almighty; although it can be held
at the minimum does not exceed the top, if it can be
experimented on the mouse then not take it on a
sheep, for example. It is desirable to have harmful
animals that can be killed like a poisonous snake
[26], or at least not used as much as possible, if the
mouse meets the purpose of the experiment then not
take it on a rabbit, because the rabbit is eaten, other
than the mouse, it is not eaten and not used. After
that, our religion is called for mercy, charity and
non-torture must be observed. It was narrated from
Shaddad ibn Aws, he said: The two memorized from
the Messenger of Allah peace be upon him. "God Almighty wrote charity on everything, if you kill and
then the killers, and if you slaughter and improve the
slaughter, and one of you to cut his blade, and let his
sacrifice" [27]. It was narrated that 'Abd-al-Rahmaan
ibn' Abd-Allah (may Allah be pleased with him)
said: "We were with the Messenger of Allah (peace
and blessings of Allah be upon him) in a book, so he
went for his need. (Peace and blessings of Allah be
upon him) said: "It is not permissible to punish the
fire except the Lord of fire"[28]. These Hadiths led
to the need for charity, compassion and kindness to
the animal.

including Jordan [8, 9]. Magnesium hydroxide
(MgOHNPs) was synthesized by different physical
and chemical methods [10, 11, 12, 13, 14, 15, 16,
17].
Islam is a successful system for all aspects of
life; one of the characteristic of Islam is being comSUHKHQVLYH,WLVIXOO\LQWHJUDWHGV\VWHPDQGGRHVQ¶W
overlook the other side on any aspect of life even animals, because of the neediness of animals to humans. Islam has come to organize the human with
the creator and with what's surrounding. Animals are
creators that Allah created and made them with
souls. Islam has come to alert the importance of these
blessings and set certain controls to deal with them
and to show the limits that should not exceed the
rights to preserve the right of animals. Allah said:
"And ridiculed you what is in the heavens and all the
earth from him that there are signs for people who
think" [18] of the planets, mountains, seas and rivers,
and all that man benefits from the animal, from his
generosity, virtue, gratitude and charity to his servants, all of which:
He alone has no partner [19]. And man is not
absolute hands to do what he wants in this universe,
but on what helps him to perform his duty according
to the controls of Sharia, and as Allah Almighty, and
when Allah created the animal for the human being,
he preserved his rights and did not aspire to consume
his soul except in a clear interest. The animal is forbidden to the owner of it and the sanctity of Allah. If
his owner drops his right in him, the right of Allah
remains. It is also known that keeping money is one
of the necessities that a person is called upon to preserve and not to miss. He came in The Granting Behaviour in The kings masterpiece as follows: "The
killing of an animal is permissible for a valid purpose, and if it is not harmed, it will not be killed
[20]." The talents of the Galilee in explaining Khalil's brief, which states: "It is not permissible to kill
the animal unnecessarily [21]." In the simplest demands to explain the student's thesis, which reads:
"It is forbidden to kill the animal in vain [22]." The
explanation of the mayor in a statement of the rituals
of Hajj and Umrah: "and forbade killing the animal
for non-food [23]." When quoted from Amr ibn al ±
Alas that:
The messenger of Allah (peace and blessings
of Allah be upon him) said: "Whoever kills a bird
without his right, Allah will ask him on the Day of
Judgment"[24]. It was said: "O Messenger of Allah,
what is his right?" He said: "He slaughters him with
a slaying and does not take his throat. It was narrated
that 'Umar ibn al-Shareid said: I heard al-Shuraid
say: I heard the Messenger of Allah (peace and blessings of Allah be upon him) say: "Whoever kills a
bird in vain, may Allah have mercy on him on the
Day of Resurrection [25].
The meaning of these Ahaadeeth is that it is forbidden to kill animals that you have no use of it, and
to harm them, and this is the origin. It is not
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prevent any other insects to infest leaves. The diameter is for the small cage which was 2 cm and with a
height of 2 mm.

MATERIALS AND METHODS
Materials. Anhydrous magnesium sulfate
(MgSO4) is analytical grade purchased from Merck,
Darmstadt, Germany and used without further purification [15].

RESULTS AND DISCUSSION

Plant Materials. Olea europaea leaves were
collected from different places in Jordan. Deionized
distilled water was used in all experimental work.
Citrus limon, Albizia julibrissin, and Acacia sp. did
not work as reducing or stabilizing agent for synthesis of NPs [15].

The highest mortality percent (%) of MgHNPs
for 1st and 2nd nymphal instars was at 8000 (μg/ml)
concentration. It was 80% after 24 hrs, and then
reached 93% after 48 and 72 hrs (Table 1). Mortality
at 8000, 4000 and 2000 (μg/ml) concentration increased reaching 100% after 1 and 2 weeks. Furthermore, most nanomaterials (CuONPs, ZnONPs,
MgHNPs and MgONPs) treatments after 1 week and
2 weeks had significantly mortality than pesticide
The lowest mortality was in case of using 1000
(μg/ml) after 24 hrs then increased to 88% after 48
and 90% after 72 hrs, one week and two weeks, respectively [29,30,31]. The mortalities in the control
were significantly the least after 24, 48 and 72 hrs
compared with the other treatments. However, in
case of testing of CuONPs on 1st and 2nd nymphal instars of the GPA, the highest mortalities at 8000
(μg/ml) concentration was 86% (29). Moreover, nanoparticles of zinc at 8000μg/ml had the highest insect mortality than the organophosphate insecticide
(Dursban) which used as a positive control (Table 1).
The highest mortality % of MgOHNPs for 3rd
and 4th nymphal instars was in 8000 (μg/ml) concentration. It was 42% after 24 hrs, and then reached
81% and 90% after 48 and 72 hrs, respectively (Table 2). Mortality increased at 4000 (μg/ml) concentration reaching 93% after 1 and 2 weeks. The lowest
mortality was in case of using 1000 (μg/ml) after 24
hours then increased to 78% after 48 and 90% after
72 hrs, 91 and 90% after one week and two weeks,
respectively. The mortalities in case of control were
significantly the least after 24, 48 and 72 hrs compared with the other treatments. However, in case of
testing of MgOHNPs on 3rd and 4th nymphal instars
of the GPA, the highest mortalities at 8000 (μg/ml)
concentration was 95% at greenhouse conditions.
Moreover, MgOHNPs at 8000 μg/ml and pesticide
as positive control after two weeks had the highest
insect mortality effect [16].

The Green Peach Aphid Mortality in Greenhouse Experiments. 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 aphid was established in Department of Plant Protection at the Faculty of Agriculture, The University of Jordan. This
aphid 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 [15].
The experimental work mentioned above was
repeated in the glasshouse experiments, except the
use of clip-on cages on pepper seedlings and then
counting of dead aphid was extended to one and two
weeks. The clip on cage consisted of two layers of
circular transparent plastic. Each layer was covered
with white mesh (white muslin) and connected with
stainless steel hair clips. These were used to prevent
any escape of aphids from the cage as well as to

TABLE 1
Means of mortality percent (%) of 1 st and 2nd nymphal instars of the green peach aphid by five different
concentrations of MgOHNPs under greenhouse conditions.
Mortality % of 1st and 2nd nymphal instars ± SE after
24h
48h
72h
1 week
2 weeks
8000
80.3b±0.88
93a±1.5
93a±1.7
100a±0
100a±0
4000
67c±2.5
92a±0.88
93a±1.2
100a±0
100a±0
2000
62.3d±1.4
90b±0.6
91a±0.88
100a±0
100a±0
e
c
b
c
1000
52 ±1.7
88 ±1.2
90 ±0
90 ±0
90c±0
f
d
c
d
Control
0 ±0
1.3 ±0.88
1.7 ±0.88
1.7 ±0.88
1.7d±0.88
a
b
a
b
Dursban
90 ±88
90 ±0.577
91 ±0.88
92 ±1.5
95b±0.58
Means within the same column sharing the same letter do not differ significantly at 5% level using Fisher's Protected LSD test.
Concentration (μg/ml)
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TABLE 2
Means of mortality percent (%) of 3 rd and 4th nymphal instars of the green peach aphid by five different
concentrations of MgOHNPs under greenhouse conditions.
Mortality % of 3rd and 4th nymphal instars ± SE after
Concentration
(μg/ml)
24h
48h
72h
1 week
2 weeks
8000
42b±0.88
81b±0
90b±0.88
94a±2.3
95a±0.88
4000
40c±0.6
80c±0.6
92ab±2.9
93a±1.7
93b±0.88
2000
40c±0.6
80c±0.6
92ab±3.0
93a±1.7
93b±0.88
1000
33d±0.88
78d±1.5
90b±0.3
91a±0.88
90c±0.3
e
e
c
b
Control
0 ±0
1.0 ±0.3
1.3 ±0.3
1.7 ±0.3
3.0d±0
91a±0.88
93a±1.5
95a±5.8
96a±0.6
Dursban
90a±0.8
Means within the same column sharing the same letter do not differ significantly at 5% level using Fisher's Protected LSD test.

preservation of the five essentials of self-preservation, Money, and keeping the view , and the preservation of the mind, if there is an interest of the human
being realized by testing it, and this interest is real
phenomenon, and necessary, not for the purposes of
luxury, we judge the permissible, unlike the original
because the origin is prevention, The need is appreciated, recognizing that there is an initial damage
"Harm is still", but in line with the other purposes
and rules of the whole Islamic law, "the greatest
harm is done with the slightest harm". Also they allowed killing them for conducting experiments because of the greater interest of the human according
to certain controls.

Opinion of the Jordanian Ifta Department for
killing animals in the purpose of medical experiments
A question was presented to the Jordanian Ifta:
"The ruling on conducting experiments on harmful
and harmless animals for the purposes of scientific
research.
The answer to Fatwa no. 115216 reads: "Praise
is to Allah and prayers and peace is upon our master,
the Messenger of Allah
Anatomy of animals for educational and other
purposes is not wrong, because of the benefits for
students and science, but on condition that the
teacher shortens as much as necessary of the number
of animals that takes part in the anatomy, if only a
small number in the class and does not exceed the
largest number, but keen on compassion and the
mercy of the animal, and avoids all causes of torture
by the use of sufficient anaesthetic, and then if the
animals meat can be eaten then slaughtered and donated, and if there are other alternative ways to teach
anatomy then it is better. God only knows
In conclusions, a new and green route has been
developed for the synthesis magnesium hydroxide
nanoparticles in one-pot reaction process at ambient
temperature, the activity of biologically synthesized
MgOHNPs at different concentrations showed significant effect against GPA. There were significant
differences in the aphid mortalities between the different concentrations of the tested nanoparticles, and
also with the control, in glasshouse studies. 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, the 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.
As for the ruling on conducting scientific experiments on animals, it is necessary to agree with
the purposes and principles of Islamic law and not to
violate them. As it is well known, the Islamic Sharia
and its rulings are found to be only for the sake of
interest and the prevention of corruption and the
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