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effects to the geochemical cycling in ocean are discussed in detail.

0?:673)52:65 )5, *)+:-81;4 In marine
ecosystems, bacteria are not only decomposers but
also producers. In the aquatic environment, most
aquatic plants can be directly eaten by animals, and
dead plants can only be used by more animals after
being decomposed by bacteria. When the bacteria
adhere to the surface of the plant debris, they will
continue to use the plant debris nutrition to carry
out their own proliferation activities, resulting in
the biomass of the particles increasing, and the
plant composition is less and less. Due to the cellulose in the plant tissue, it is difficult to be digested
and absorbed. Animals can only digest bacteria after ingesting plant debris adhered by bacteria, and
plant components are excreted [16]. Studies have
shown that DOM or POM (particulate organic matter) formed directly with bacteria. Compared with
organic matter, the DOM secreted by zooplankton
after feeding bacteria can enter the microbial ring
more quickly [17]. In the enclosure test, it is also
found that the presence of zooplankton can be
compared with the environment without zooplankton. The bacterial content is obviously increased.
The bacteria reuses the plant debris and other substances secreted by zooplankton, and begins a new
round of decomposition, recycling and repeated use,
for secondary growth of bacteria [18-19].
Hong Zhang isolated [21] a bacterial strain
named CH-22 showing phytoplankton-lytic activity
against bloom-forming cyanobacterium   
   from Lake Chaohu of Anhui Province,
China. The isolated strain was identified as  
   by morphology and homology research based on 16S rDNA. The phytoplankton-lytic activity was confirmed by reduction in cell
number and chlorophyll a concentration of   
  in an infected culture for a defined period.
The initial bacterial and     densities
affected the phytoplankton-lytic activity significantly. When the 15% (150 μL/mL) concentration
of bacterial cultures was infected, the highest phy-

The current developments in the researches of
the geochemical cycling in ocean are reviewed in
this paper. The achievements in the studies of microbial loop are introduced. The relationship between phytoplankton and bacterium as well as their
effects to the geochemical cycling in ocean are discussed in detail.


%$  
Phytoplankton, bacterium, geochemistry, review

!"!
A vast amount of the primary production and
nutrients fixed by phytoplankton were directed to
the microbial loop [1-3], which is a key role in controlling carbon cycling and nutrient flow in the marine ecosystems [4-6]. Dissolved organic matter
(DOM) released from phytoplankton through lysis
or grazing is the major energy sources for heterotrophic bacteria (HB) in oceans and lakes, which
may be responsible for microbial degradation processes [7,8]. A large amount of studies about the
changes of bacterial communities in phytoplankton
blooms have been reported in most of aquatic ecosystems [9-12] and it has been confirmed that HB is
a significant biotic factor in the process of biogeochemical cycling in aquatic ecosystems. As a major
predator of HB, heterotrophic nanoflagellate (HNF)
is an important link between HB and other higher
trophic levels (such as ciliate) in microbial loop.
Through grazing on bacteria, HNF has a great influence on remineralization and plays a crucial role
in carbon and nutrient recycling in pelagic ecosystems [13-15].
The current developments in the researches of
the geochemical cycling in ocean are reviewed in
this paper. The achievements in the studies of microbial loop are introduced. The relationship between phytoplankton and bacterium as well as their
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   cells by secretion of extracellular antialgal substances, which is characterized as anti-heat shock. The isolated    also showed
effective phytoplankton-lytic activity against a wide
range of phytoplankton. These results suggest that
indigenous bacteria isolated from eutrophic lake
may be employed to regulate the ecological balance
between the phytoplankton and bacteria, and consequently, to reduce the occurrence of cyanobacterial blooms in freshwaters.

toplankton-lytic activity reached to 98.8% after 7
days. When the initial     density was
less than 3×106 cells/mL, about 90.0% of chlorophyll a was removed. Obvious reduction in phycocyanin concentration in the treated   
suggests that isolated strain may possibly inhibit the
synthesis of photosynthetic apparatus. Supernatants
of bacterial cultures showed higher phytoplankton-lytic activity, suggesting that phytoplankton-lytic bacterium   indirectly attacked 

"
)+:-81)3:8)59.684):1656.70?:673)52:65,-81<-,68/)51+4)::-8 
The marine carbon cycle includes a number of processes, several of which are mediated by microorganisms. Key processes of
the marine carbon cycle include the conversion of inorganic carbon (such as CO2) to organic carbon by photosynthetic phytoplankton species (step 1); the release of both dissolved organic matter (DOM; which includes dissolved organic carbon
(DOC), dissolved organic nitrogen (DON) and dissolved organic phosphorous (DOP)) and particulate organic matter (POM;
which includes particulate organic carbon (POC), particulate organic nitrogen (PON) and particulate organic phosphorous
(POP)) from phytoplankton (step 2); the consumption of phytoplankton biomass by zooplankton grazers (step 3) and the
mineralization (that is the release of CO2 via respiration during the catabolism of organic matter) and recycling of organic
matter by diverse heterotrophic bacteria, including, but not limited to, flavobacteria and roseobacters (which is known as the
microbial loop; step 4). A fraction of the heterotrophic bacteria is consumed by zooplankton, and the carbon is further transferred up the food web. Heterotrophic bacteria also contribute to the remineralization of organic nutrients, including DON
and DOP, to inorganic forms, which are then available for use by phytoplankton. The microbial carbon pump (step 5) refers to
the transformation of organic carbon into recalcitrant DOC that resists further degradation and is sequestered in the ocean for
thousands of years. The biological pump (step 6) refers to the export of phytoplankton-derived POM from the surface oceans
to deeper depths via sinking. Finally, the viral shunt (step 7) describes the contributions of viral-mediated cell lysis to the
release of dissolved and particulate matter from both the phytoplankton and bacterial pools [20]
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emerging recognition that marine microbial communities are part of tightly connected networks by
providing evidence that these interactions are mediated through production and exchange of infochemicals.
DM Needham and JA Fuhrman [23] show unexpected, rapid community variation from daily
rRNA analysis of phytoplankton and prokaryotic
community members following a bloom off southern California. Analysis of phytoplankton chloroplast 16S rRNA demonstrated ten different dominant phytoplankton over 18 days alone, including
four taxa with animal toxin-producing strains. The
dominant diatoms, flagellates and picophytoplankton varied dramatically in carbon export potential.
Dominant prokaryotes also varied rapidly. Euryarchaea briefly became the most abundant organism, peaking over a few days to account for about
40% of prokaryotes. Phytoplankton and prokaryotic
communities correlated better with each other than
with environmental parameters. Extending beyond
the traditional view of blooms being controlled
primarily by physics and inorganic nutrients, these
dynamics imply highly heterogeneous, continually
changing conditions over time and/or space and
suggest that interactions among microorganisms are
critical in controlling plankton diversity, dynamics
and fates.

Interactions between primary producers and
bacteria impact the physiology of both partners,
alter the chemistry of their environment, and shape
ecosystem diversity. In marine ecosystems, these
interactions are difficult to study partly because the
major photosynthetic organisms are microscopic,
unicellular phytoplankton. Coastal phytoplankton
communities are dominated by diatoms, which
generate approximately 40% of marine primary
production and form the base of many marine food
webs. Diatoms co-occur with specific bacterial taxa,
but the mechanisms of potential interactions are
mostly unknown.
Here SA Amin et al. [22] tease apart a bacterial consortium associated with a globally distributed
diatom and find that a     species promotes diatom cell division via secretion of the
hormone indole-3-acetic acid, synthesized by the
bacterium using both diatom-secreted and endogenous tryptophan. Indole-3-acetic acid and tryptophan serve as signalling molecules that are part of a
complex exchange of nutrients, including diatom-excreted organosulfur molecules and bacterial-excreted ammonia. The potential prevalence of
this mode of signalling in the oceans is corroborated by metabolite and metatranscriptome analyses
that show widespread indole-3-acetic acid production by Sulfitobacter-related bacteria, particularly in
coastal environments. The study expands on the

"
):0?4-:81++0)8:6.:0-->7-814-5:)3)8-)' (
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Germany to Gulf of Finland). To test to what extent
bacterioplankton community composition relates to
the spring bloom, Bunse et al. [25] used next generation amplicon sequencing of the 16S rRNA gene,
phytoplankton diversity analysis based on microscopy counts and population genotyping of the
dominating diatom     . Several
phytoplankton bloom related and environmental
variables were identified to influence bacterial
community composition. Members of Bacteroidetes
and Alphaproteobacteria dominated the bacterial
community composition but the bacterial groups
showed no apparent correlation with direct bloom
related variables. The less abundant bacterial phyla
Actinobacteria, Planctomycetes, and Verrucomicrobia, on the other hand, were strongly associated
with phytoplankton biomass, diatom:dinoflagellate
ratio, and colored dissolved organic matter (cDOM).
Many bacterial operational taxonomic units (OTUs)
showed high niche specificities. For example, particular Bacteroidetes OTUs were associated with
two distinct genetic clusters of  . Our
study revealed the complexity of interactions of
bacterial taxa with inter- and intraspecific genetic
variation in phytoplankton. Overall, our findings
imply that biotic and abiotic factors during spring
bloom influence bacterial community dynamics in a
hierarchical manner.
From an extensive study, C Durán et al. [26]
determined that heterotrophic bacterial production
(HBP) variance in Sierra Nevada (Spain) lakes was
explained mainly by excretion of organic carbon by
algae (EOC), underlining a bacterial dependence on
algal carbon. Subsequently, we studied how the
interaction among global change factors such as
ultraviolet radiation (UVR), nutrient inputs, and
increased temperature affected this phytoplankton-bacteria coupling through in situ factorial experiments in two model high-mountain lakes, La
Caldera, and Las Yeguas. Bacterioplankton were
more sensitive than phytoplankton because the joint
action of increased temperature and nutrient-addition unmasked an inhibitory UVR effect on
HBP while reducing the inhibitory UVR effect on
primary production (PP) (in La Caldera) or augmenting the net PP values (in Las Yeguas). The
interaction among the three factors had a different
effect on phytoplankton-bacteria coupling depending on the lake. Thus, in the colder lake (La Caldera), EOC was not adequate to meet the bacterial
carbon demand (BCD), leading to a mismatch in
phytoplankton-bacteria coupling. Contrarily, in the
warmer lake (Las Yeguas), the phytoplankton-bacteria coupling was accentuated by the interaction among the three factors, with EOC exceeding BCD.



A High Frequency Flux (HFF) experiment was
conducted during spring 1997 on the continental
slope of the Gulf of Lions (Northwestern Mediterranean Sea) with the aim of examining the dynamical and biological processes controlling particle
transfer in this margin environment [24].
Within this general framework, a special attention was paid to short temporal and small spatial
variations of phytoplankton and bacterial production through six hydrological and biological surveys
performed during a 7-week period at nine sampling
stations located on a 10×20-mile grid. Downward
fluxes of particulate organic carbon at each station
were measured by traps deployed at 240 m depth.
The f-ratio and the ratio of integrated bacterial to
primary production (IBP/IPP ratio), computed as
indexes of biological export for each survey and
station, did not provide a clear, unambiguous understanding of the importance of biological processes in the cycling of carbon in the upper water
column. However, the data collected allowed to
draw up carbon budgets for the different phases of
the experiment. The comparison of primary production with measured and estimated organic carbon
removal terms (sinking, cycling through the microbial food web, grazing by ciliates and metazoans)
showed that a balance was never reached between
fluxes of production and removal of organic carbon
during the course of the experiment. The system
shifted from an initial situation of ‘missing’ carbon
(removal>production) to one of ‘excess’ carbon
(removal<production). Factors such as horizontal
advection of carbon into and out of the experimental area and accumulation of dissolved organic
carbon (dissolved biological pump) are invoked to
explain the observed imbalances. A sensitivity test
of the budget to the variations of the different parameters involved showed that bacterial growth
efficiency was the most important factor affecting
the budget.
In temperate systems, phytoplankton spring
blooms deplete inorganic nutrients and are major
sources of organic matter for the microbial loop. In
response to phytoplankton exudates and environmental factors, heterotrophic microbial communities are highly dynamic and change their abundance
and composition both on spatial and temporal
scales. Yet, most of the understanding about these
processes comes from laboratory model organism
studies, mesocosm experiments or single temporal
transects. Spatial-temporal studies examining interactions of phytoplankton blooms and bacterioplankton community composition and function,
though being highly informative, are scarce. In this
study, pelagic microbial community dynamics
(bacteria and phytoplankton) and environmental
variables were monitored during a spring bloom
across the Baltic Proper (two cruises between North
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)+:-81)3 8-97659-9 :6 70?:673)52:65
*36649 Measurements of bulk community parameters have shown that phytoplankton blooms provide an environment that increases the rate of bacterial growth and production [27-29]. The abundance of bacterial cells is generally positively correlated with the abundance of phytoplankton during
the bloom (Fig. 3). However, there is often an initial
decoupling of bacterial and phytoplankton populations at the earliest stage of a bloom; for example,
an abrupt initial decrease in the abundance of bacterioplankton, followed by a subsequent increase, is
frequently, but not always, observed [30, 31] (Fig.3).
The cause of the initial decline in bacterial abundance is not fully understood, but it might result
from bacterial predation by protists or from competition with phytoplankton for nutrients. Irrespective
of the cause, the bacterial population rapidly recovers after the initial decrease and becomes abundant,
as organic matter is released by the large phytoplankton population at the height of the bloom and
during its decline. Indeed, the levels of bacteria
remain high immediately following the collapse of
a bloom, as bacteria continue to use the organic
matter that is released from dying phytoplankton
[32].

Changes in the abundance and types of phytoplankton species, coupled with bacterial degradation of POM and DOM, alters both the concentration and composition of the detrital pools at different times during the bloom, which, in turn, drives
the composition and activity of the associated bacterial communities. In the earliest stages of a bloom,
phytoplankton release soluble, labile, low molecular weight (LMW) molecules, such as amino acids,
organic acids, carbohydrates and sugar alcohols [33,
34], which might function as chemoattractants for
beneficial bacteria [35], including bacteria that
produce phytoplankton growth-promoting compounds, such as vitamins. The release of small
molecules by living phytoplankton often increases
in response to nutrient-limiting conditions, which
occur at the height of the bloom, and further stimulates heterotrophic bacterial activity [36,37]. During
the waning stages of the bloom, phytoplankton release higher molecular weight macromolecules
(HMW), including polysaccharides, proteins, nucleic acids and lipids, as well as particulate material,
primarily as result of cell lysis [38], although several HMW compounds are also released from viable
cells, perhaps to sustain mutualistic interactions
with the bacterial community.

" 
!0-/8)70906=9):?71+)39;++-991656.70?:673)52:65/86;79,;815/:0-+6;89-6.)97815/ 
70?:673)52:65*366415:0198-/1656.:0-6+-)5=01+06.:-53)9:9.684)5?=--29' (
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which eventually leads to cell wall rupture [40].

Aquatic bacteria are also closely related to the
growth and reproduction of phytoplankton. On the
one hand, aquatic bacteria can absorb the organic
matter produced by phytoplankton and promote
their own growth, while providing the necessary
organic nutrients and growth factors for the growth
of phytoplankton, and regulating the micro-growth
environment of phytoplankton. On the other hand,
bacteria can inhibit the growth of phytoplankton
cells and even lyse their cells by participating in
bio-competition and secreting special substances.
Giorgio et al. showed that under oligotrophic conditions, the kinetic average saturation constant of nutrient absorption is proportional to the cell size. The
smallest bacteria in the cell can dominate the competition under low nutrient conditions. In the relatively poor nutrition of the ocean, the bacterial respiration exceeds the phytoplankton production, a
net CO2 producing ecosystem. Bacterial phytoplankton cleavage is widespread in the marine environment, and there are many types of phytoplankton that can be lysed, including cyanobacteria,
dinoflagellates and diatoms. Bacteria on the surface
of phytoplankton secrete lytic enzymes that promote the lysis of phytoplankton cells. In recent
years, some people have proposed a new viewpoint
of using bacteria to control red tides [39]. It is conceivable that if a high-quality lyase can be extracted
and used to cleave red tide organisms, it can not
only achieve the purpose of environmental pollution control, but also ecological damage to the environment.

;:63?919 6. 70?:673)52:65 +-339 For the
death of phytoplankton, the main considerations in
the past were the sinking of phytoplankton and the
predation of zooplankton, but rarely related to the
influence of external environmental factors such as
nutritional conditions, illumination, etc. The floating is caused by changes in the external environment. The cell wall of a plant ruptures and dies.
This process is called autolysis of cells.
Seawater is an oligotrophic system, often with
nutritional deficiencies or other harsh conditions.
The autolysis of cells often occurs after the emergence of phytoplankton. At this time, the nutrients
in the water have been consumed in large quantities,
which is very unsuitable for self-growth. In the environment, Studies have confirmed that in the absence of N in the system, although phytoplankton
cells can still use their stored raw materials to
maintain growth, the process of synthesizing proteins is blocked; in the absence of light, although
the synthesis of proteins is not directly affected,
however, the process of using cells to harvest energy and synthesize new cells is blocked. These two
processes are hindered, which can cause phytoplankton cells to endure their own nutritional stress,

"  
The existing research results at home and
abroad show that the microbial ring play an important role in the geochemical cycle of marine
ecosystems. In the study of microbial rings, in addition to fully understanding the interrelationship
between phytoplankton and bacteria, the microbial
ring should be explored. In addition to the role of
the geochemical cycle, it should also pay full attention to the attempts of microorganisms to prevent
harmful red tides, etc., so as to provide new ecological means for the prevention and control of
these environmental disasters. For the marine microbial ring, we should explore from the ecological
perspective in the future. The relationship between
bacteria and phytoplankton should be further studied.
$! 
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ions, vitamins, nucleotides, amino acids and phenolics) [6, 15-20], higher molecular weight substances (polysaccharides and enzymes and other
proteins) and root border cells (RBCs) [4, 21-25].
Many of the compounds that exude from various plant organs e.g. seeds, stems, leaves, flowers
and roots have a positive or negative effect on environment [26-31]. For example, root exudate was
observed to contribute to the complex set of chemical, physical and biological interactions in the rhizosphere, including root–root, root–nematode, and
root–microbe interactions [12, 32-36].
Plant root vs plant root, plant root vs nematode
and plant root vs microbial interactions can either
be positive or negative [37]. For example when root
exudate provide nutrition to the beneficial microorganisms then the interactions are regarded as positive while root exudate containing nematocides or
antimicrobial agent against nematodes or microorganism the interactions are said to be negative. In
short, plant exudates consist of complex mixtures of
large and small molecules, which might have an
effect on neighbouring organisms.

66069:,>3CAllelopathy, which means the effect of one plant species on the germination, growth
and development of other plant species, has been
known for over 1000 years. The allelopathic effect
of chickpea ('')#*") and barley ( $'*"
+*!') on weeds and other plant species were
known even before 300 BC (Rice, 1984).
The word allelopathy was first introduced by
Molish in 1937 and is derived from Greek words
allelon ‘of each other’ and pathos ‘to suffer’, which
means the injurious effect of one species upon the
other species. In 1996 allelopathy was defined by
the International Allelopathy Society as “Any process involving secondary metabolites produced by
plants, micro-organisms, viruses, and fungi that
influence the growth and development of agricultural and biological systems (excluding animals)”
[38].
The secondary metabolites that are released by

Plants are sources of diverse classes of natural
products, some of which have biological activity
such as phytotoxins, nematocidal, antimicrobial,
phytoalexins, provide nutrition to soil microbes and
are allelopathic. In fact the chemical compounds
that are released from plant organs (i.e. leaves,
stem, roots, flowers and seeds), have an effect on
the environment and are known as allelochemicals.
These allelochemicals comprises of low molecular
weight compounds (such as sugars, inorganic ions,
vitamins, nucleotides, amino acids and phenolics),
as well as high molecular weight substances (polysaccharides and enzymes and other proteins). Furthermore, the allelochemicals from the source plant
can enter the environment through leaching, volatilisation, root exudation and seed-coat exudation in
order to protect themselves from the threat around
them. The aim of this study is to give a picture of
different classes of allelochemicals and their properties. Besides, this review will provide an insight
regarding the utilisation of the compounds of interest as a growth regulator, antimicrobial, nematicidal, and/or natural herbicide. Certainly, this paper
will help in promoting green agriculture and controlling pollution caused by synthetic chemicals.


(' "#
Allelochemicals, Bioactive compounds, Bio-herbicides,
Nematocides, Phytotoxic, Fungicides

$" %$ 
Plants can serve as a reserviour for diverse
classes of natural products,some of them have biological activity, including nematocidal, phytotoxic,
antimicrobial, phytoalexins, signalling [1-8], and
provide nutrition to soil microbes [9-14]. The exudates from various plant organs contain low molecular weight compounds (such as sugars, inorganic
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as donor species and Scots pine (#*((.!+()'() as
receiver species. The seedlings of (.!+()'( were
grown for 27 months among  '"%'$)*"
The different treatments used were: (a) (.!+()'(
were grown in PVCpolyvinyl chloride) transparent
plastic tubes (root-exclusion tubes), which minimized the effect of resource competition by roots,
(b) activated carbon was used to adsorb the allelochemicals that were released by the '"%'$
)*", (c) PVC tubes and activated carbon was used
to minimize the effect of both resource competition
and allelopathic effect of  '"%'$)*", and
(d) seeds of (.!+()'( were grown in untreated 
'"%'$)*" vegetation in order to examine the
consequences of both allelopathy and resource
competition on the growth inhibition and weight
gain of the (.!+()'( seedlings.
After 27 months of plant growth, shoot weight
and length of the (.!+()'( seedlings was studied
[49]. The seedlings from treatments a, b, and d had
shorter shoots and lower dry weight than those from
c. The effect of root competition was higher than
that of toxic compounds because seedlings from
root-exclusion tubes with no activated carbon (a)
were affected less than seedlings from the treatment
with activated carbon to adsorb the allelochemicals
but without reducing the competition (b). The results of the experiment led to conclude that both
competition (below-ground) and allelopathy has
caused inhibition of shoot elongation and failure to
gain weight in (.!+()'(seedlings.
Wardle et al. [50] have also selected six species of grass: ).!( !$"') (cocksfoot),
!'( &*) (phalaris), '$"*( ,!#$,
(prairie grass), $!*"%'## (perennial ryegrass),
()* '*## (tall fescue) and $!*( !
#)*( (Yorkshire fog) as donor species and '**(
#*)#( or nodding thistle (a major weed in many
temperate regions) as an acceptor species. The
collected root and shoot leachates from the donor
species were analysed for their nutrient content (i.e.
ammonium, phosphate and nitrate) and were tested
for their effect on the germination and growth of 
#*)#(. The collected root leachates from the six
grass species had no significant effect on the germination and growth of  #*)#(. However, both
hypocotyl and root growth of the  #*)#( were
significantly reduced by the shoot leachates of 
&*)  %'##  !#) and  '*#
#. As the nutrient concentration in both root
and shoot leachates of the six species was not significantly different, it was concluded that the differential effect was purely due to allelochemicals
present in the shoots of the four donor species and
not to competition.

,.>9<= 48>0<,.>482 A4>3 ,66069.3074.,6= 48
=946 Many factors interact with allelochemicals
such as soil pH, organic matter content, nutrient and
moisture content [51]. An allelochemical can either

plant organs such as roots, rhizomes, leaves, stems
and seeds into the environment and that affect other
plants in the rhizosphere are known as allelochemicals (Fig. 1). These allelochemicals might enter the
environment through different routes like leaching,
volatilisation, root exudation, seed-coat exudation
after imbibition and decomposition of different
parts of the plant [26, 39-42]. When susceptible
plant species are exposed to allelochemicals, germination might be inhibited and if they germinate
they might show abnormal growth and development. The most visible effects observed are retarded germination, short or no roots, lack of root hairs,
abnormally long or short shoots, swollen seeds and
low reproductive ability [43].

%" 
&,<49?=<9?>0=>3<9?23A34.3,66069:,>34..97
:9?8/=48>0<,.>A4>3>3008@4<98708>

Leaf extracts of both *!.%)*("*!#((
and *!#( ' and seed extracts of #$'.(
()+ contain allelopatheic compounds that can
inhibit the germination and seedling growth of
other plant species [14]. Some of the putative allelochemicals (cis-xanthoxin and trans-xanthoxin)
from the leaf extracts of *'' )*"'#
caused growth inhibition of  ()+*" roots [44].
Extracts from the flowers of '.(#)"*"#
''$!*" contain a biologically active compound
known as pyrethrin with herbicidal effect [28].
Pisatin 1 is also a good example of an allelopathic
compound found in the extracts of pea stem residues that effected the growth of ()+*" [45].

66069:,>3C @= .97:0>4>498 Differentiation
between allelopathy and competitionis very important. In allelopathy a plant exudes into the environment a compound or compounds [46, 47], which
affect the rhizosphere, while in competition a plant
has the ability to remove or reduce the existing
reserves (e.g. water and nutrients in the soil, and
light from sun) in the environment [48].
In past an attempt was made to differentiate
between allelopathy and competition [49]. A boreal
dwarf shrub "%)'*" '"%'$)*" was used
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lochemicals and the concentration released might
aid to establish association between allelopathy and
stress [57]. Other factors that are responsible for the
release or effectiveness of allelochemicals are soil
nutrient and water availability, light, pesticide
treatment and diseases [58].
Actually allelopathy is a complex phenomenon which can be affected by various factors including soil pH, moisture, organic matter, and micro-organisms), age (young vs. old plant) of donor
and receiver plants and climatic factors (temperature and rain) (Fig. 2). The released allelochemicals
adsorbed on soil solids and further metabolized
biologically (micro-organisms) and chemically
(oxidation or reduction) with time.

66069.3074.,6= 1<97 ><00=. The study of
compounds that are released by some plants to
affect the environment is of great importance to
understand the mechanism of ecological interaction
[59]. In most studies allelopathy played essential
role in forests development by effecting the composition of the flora. Juglone is a known allelopathic
compound release by walnut ( *!#( #'), that
can negatively effect the growth and development
of other plants species [60]. Under natural conditions juglone enters the soil through various process
including root exudation, litter decay and rain
through fall. Since root exudation is a continuous
process, it is assumed that juglone is continuously
added to the soil, affecting the neighboring plants
[61]. Although Davis [60] observed that plants
grown in the vicinity of black walnut died because
of the presence of juglone, the physiological action
of juglone was not well understood until the study

retain or lose its effectiveness at a given concentration according to the availability or non-availability
of more readily available carbon sources to soil
microbes. Soil microbes may preferentially metabolize readily available carbon sources other than
organic allelopathic compounds and thus leave the
soil relatively enriched in allelochemicals, which
are available for the uptake by plant roots [52-54].
The concentration of released allelochemicals in the
rhizosphere also depends upon the age of the allelopathic plant. A young plant releases more allelochemicals into surroundings, which might help it in
establishing themself among well-established plants
[55].
The transformation of allelochemicals in the
soil can result in more or less toxic compounds.
Some allelochemicals are labile while others such
as some alkaloids resist changes because of their
anti-microbial activity (Wink et al. 1998). Some of
the transformed products from allelochemicals
become more potent than the original compound:
for example the hydroxamic acids DIMBOA (2,4dihydroxy-7-methoxy-1,4-benzoxazin-3-one) and
MBOA (6-methoxy-benzoxazolin-2-one) from
maize and wheat become more active when transformed into the corresponding derivatives, DIBOA
(2,4-dihydroxyl-1,4-benzoxazin-3-one) and BOA
(2-benzoxazolinone) by removal of formaldehyde
from the parent molecule [56].
Allelopathy also has a close relationship with
plant stresses; because most stressed plants have the
ability to release allelochemicals into the environment to a greater concentration than normal. By
doing so they are targeting the stress-producing
competitor plants, nematodes or microorganisms
with allelochemicals. Measuring the effects of alle-


%" 
,.>9<=,110.>482-03,@49?<,8/>30:3C>9>9B4.,.>4@4>C91,66069.3074.,6=48=946
9/4140/1<979-,C,=34* +
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creased interest in separating and identifying the
active compounds [71]. The phytotoxic compounds
identified in extracts were mainly phenolic acids
and benzoxazinone [72].

conducted by [62]. This study showed that juglone
at a concentration of 10 μM inhibited the growth of
duckweed ("#"#$') by decreasing the chlorophyll content and net photosynthesis rate. The results were further confirmed by an experiment in
which leaf discs of soya bean ( !.# "-) were
placed in 10 μM juglone: the rate of photosynthesis
was reduced.
In North America both maize ( ".() and
soya bean (  "-) are often planted with black
walnut but had not been studied for the adverse
effect of black walnut until [61]. They studied the
effect of juglone on these crops in detail. Seedlings
of both species (maize and soya) when exposed to
juglone had stunted root and shoot growth, low leaf
photosynthesis, and leaf and root respiration of both
species, but soya was found more sensitive than
maize [61].
Another good example of an allelopathic tree
is tree of heaven (!#)*( !)(("), a native
Chinese tree that was introduced in Europe around
the 18th century. This tree is now widely distributed
in the world and can thrive among a wide variety of
floras, which might be due to its ability to produce
several classes of allelochmicals [63]. The first
investigation on the phytotoxic activity of  !)(
(" extract was that of Mergen [64]; it was confirmed by Voigt and Mergen [65]. In both studies
the authors found that aqueous extracts of A!)(
("were toxic to nearby plants.
A bioassay experiment to study the allelopathic effect of  !)((" extracts on germination
and subsequent radicle growth was done by De Feo
et al. [59] The surface-sterilized seeds of radish
(%#*( ()+*(), garden cress (%*" (
)+*") and purslane ($')*! $!') were
incubated in Petri dishes containing filter paper,
impregnated with aqueous extract from !)(("
or distilled water as a control. The  !)(("
extract inhibited the root growth of radish, garden
cress and purslane by 100, 80 and 72% respectively. The active compounds were isolated from the
crude extract and identified as terpenoids: ailanthone, ailanthinone, chaparrine and ailanthinol B. [59]
suggested that the active principle from !)(("
could be used as a possible natural herbicide. Phytochemical studies of !)((" revealed triterpenoids [66], lipids and fatty acids [67], phenolics
[68] and volatile compounds [69] are the main
allelopathic compounds.

"4.0Various staple crops have been screened
for their weed suppressive field performances
and/or laboratory allelopathic potential, with rice
being the most thoroughly studied staple crop species [73]. Various classes of compounds have been
identified as allelochemicals from rice exudates
including phenolics, fatty acids, benzoxazinoids
and terpenoids. Compounds putatively responsible
for growth inhibition isolated from rice root exudates are the diterpenoid, momilactone B (3,20epoxy-3α-hydroxy-9β-primara-7,15-dien-16,6βolide);
a
flavone
(5,7,4′-trihydroxy-3′,5′dimethoxyflavone); and a cyclohexenone (3isopropyl-5-acetoxycyclohex-2-enone) [73]. Generally, different classes of allelochemicals are distributed among different tissues of rice seedling with
root tissues containing large quantities of phenolic
acids while momilactone B, the flavone and the
cyclohexenone are abundant in both root and shoot
tissues [74].
,<60CBarley ( $'*"+*!') is a smother crop that possesses allelopathic potential to inhibit weed growth [75]. The secondary metabolites
(alkaloids: gramine and hordenine) that are released
by the barley root are responsible for the inhibition
of #%( !, a weed plant. The alkaloids from
barley root exudates were separated and quantified
by HLPC. Hordenine was a major component of
barley root exudates with a production rate of 2
μg/plant/day in hydroponic solution. Purified barley
alkaloids were tested for allelopathy in a laboratory
bioassay. Hordenine and gramine were applied at
three different concentrations (0, 15 and 50 ppm) to
surface-sterilized #%(!seeds on filter paper
and incubated in the dark for three days. Both hordenine and gramine inhibited radicle growth of
#%(! by increasing both size and number of
vacuoles, disorganizing organelles and damaging
the cell wall. The cell wall from the control treatment was uniform while cell wall from alkaloid
treatment was irregular (i.e. in some part it was
thinner while in other it was very thick) [76].
Other phytotoxic compounds were also released by barley including vanillic acid, chlorogenic acid, %-coumaric acid and ferulic acid. These
phenolic acids significantly inhibited seed germination and radicle and shoot growth of green foxtail
()' +'(), which is a typical grass weed of
arable land [77]. The evidence of morphological
changes caused by barley allelochemicals suggests
that the presence and release of those biologically
active metabolites from barley may contribute to
the control of weeds on arable land [76, 77].


66069:,>34. .<9: =:0.40= '30,> Wheat
(')*" ()+*"), one of the essential staple
food-crops, has been studied extensively for its
allelopathic potential. Aqueous extracts of wheat
residue (dried leaves and stem) and seedlings are
autotoxic [70] and showed an allelopathic effect
against weeds [71]. The inhibitory effect of an
aqueous extract from wheat straw on the germination and growth of rye grass ($!*" '*") in-
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of barley [84]. [85] observed similar effects when
they treated bambara groundnut (# (*)''
#) seeds with sunflower (shoot and root) extracts
on a filter paper in the dark for 5 d under laboratory
conditions. Both radicle and shoot lengths were
negatively affected by sunflower exudates. The
water-soluble allelochemicals of sunflower could
be used in weed management programmes [84].

66069.3074.,6= 91 9>30< :6,8> =:0.40= Garlic has been cultivated as a food ingredient and as a
medicine for almost 4000 years. In the last few
decades researches has been done to confirm the
health benefits related to Garlic including microbial
infections and anticancer. Recently it has been observed that most of the biologically active compounds isolated from garlic contain sulphur [86].
The sulphur containing compounds were proved to
be good nematicides and insecticides [87].
*!%".'$( (silver grass), an annually growing winter grass, is one of the best examples that
were extensively studied for an allelopathic effect
on other plant species. [88] started a series of experiments, which provided support for the concept of
".'$(allelopathy. In the first set of experiments,
the aqueous extracts of decomposed plant residue
collected at various time-points from ".'$( were
applied to wheat seeds. The water-soluble extract at
high concentrations significantly inhibited germination while at low concentration it delayed germination of wheat seeds. The residues also showed an
inhibitory effect on coleoptile and especially on
growth [88]. After that successful experiment the
authors tried to purify, quantify and characterise the
compounds of interest by gas chromatography –
MS (GC−MS). The extracts from  ".'$( were
fractioned by gas chromatography (GC) through a
wie-bore packed column. The fractions showed
bioactivity towards wheat were collected and were
identified by MS [89]. In pursuit of identification
they have characterised 20 active compounds (Table 1), out of which syringic acid, dihydroferulic
acid, vanillic acid, %-hydroxybenzenepropanoic
acid and succinic acid were present in much higher
amounts than dihydrocinnamic acid and catechol.
The identified compounds accounted for 0.05% of
the dry weight of ".'$( residues.
The identified compounds were then utilised
in bioassays to test for their biological role. Each
individual compound exhibited characteristic behaviour towards the test plant, wheat. Each of the
compounds caused greater reduction of root elongation than coleoptile elongation. Dihydrocinnamic
acid and catechol had high allelopathic effects even
at very low concentrations [90, 91].

"C0Natural compounds from rye (!
'!) with high allelopathic activity can also be
used as a good source of natural herbicides [78].
The weed- suppressive ability of rye is due to the
presence of the benzoxazinoid, 2,4-dihydroxy-1,4benzoxazin-3-one (DIBOA) and its breakdown
product, 2-benzoxazolinone (BOA) [79]. The effectiveness and mode of action of DIBOA and BOA
on cucumber (**"( ()+*() seedlings was
checked by electron and light microscopy. BOA
inhibited the root growth and reduced the number
of lateral roots by 77-100%. DIBOA also slowed
root growth but had no effect on the number of
lateral roots. Both compounds reduced the regeneration of root cap cells, increased cytoplasmic vacuolation, reduced ribosome density and number of
mitochondria and interfered with lipid catabolism.
Disturbance in cell ultrastructure revealed that both
DIBOA and BOA reduce root growth as a result of
disrupting lipid metabolism, reducing protein synthesis and reducing transport or secretory capabilities because of underdeveloped dictyosomes [78].

#9<23?7 The allelopathic proerties of sorghum have been studied for decades [80] because
of its inhibitory effect on weed growth by releasing
hydrophobic compounds into the rhizosphere [81].
The bioactive compounds isolated from sorghum
root exudates mainly consist of a dihydroquinone
that was quickly oxidised to a p-benzoquinone
known as sorgoleone [80].
Sorgoleone when tested at 50 μM against a
wide range of weeds (*)!$#)$%'())*'
()'"$#*""'#)*(')'$!-*()'+'
()'(#*#!(and #$!$'*(!!)
in a nutrient medium for 10 days caused growth
inhibition. The effect of 10 μM sorgoleone on
weeds in a laboratory bioassay suggested that sorgoleone is a potential herbicide and contributes to
sorghum allelopathy [81]. Further studies by [82]
showed that the stunted growth of weeds in the
presence of sorgoleone is due to its interference
with photosynthesis.

#?8169A0< Sunflower ( !#)*( ##**()
has a high level of secondary metabolites that are of
commercial interest. The crude extract of shoots
showed an inhibitory effect on germination of lettuce ()* ()+) seeds [83]. In both greenhouse and laboratory experiments the water- soluble extract from sunflower leaf, stem, flower and
root inhibited seed germination, radicle elongation,
radicle weight increase, hypocotyl elongation and
hypocotyl weight increase of wild barley ( $'*"
(%$#)#*") [84]. Plant height and weight of wild
barley was also reduced significantly when it was
grown in soil previously used by sunflower. Incorporation of fresh sunflower roots and shoots into
soil released allelopathic compounds that inhibited
the germination, and the height and weight increase
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>498::7
Chemical name
Dry weight (%) Coleoptie
Root
Coleoptie
Root
Protocatechuic acid
Succinic acid
3,4-Dimethoxyphenol
Dihydrocaffeic acid
Syringic acid
Hydroquinone
%-Hydroxybenzoic acid
Vanillic acid
%-Hydroxyphenyl
acetic
acid
3-(4-Hydroxyphenyl) propanoic acid
Gentisic acid
%-Coumaric acid
Pyrogallol
Ferulic acid
Catechol
2-Hydroxy-3-phenyl propanoic acid
Dihydrocinnamic acid
Salicylic acid
Benzoic acid

0.0018
0.0080
0.0002
0.0004
0.0140
0.0002
0.0018
0.0081
0.0008

500
500
250
250
500
500
250
500
10

250
100
250
100
10
250
500
100
1

> 1000
> 1000
> 1000
941
932
924
886
800
886

712
631
585
576
602
542
463
373
97

0.0044

1

1

729

458

0.0011
0.0005
0.0007
0.0008
0.0002
0.0017

1
100
100
250
100
10

100
250
100
1
1
250

712
678
729
534
644
483

441
373
275
352
200
246

0.0001
0.0037
0.0012

100
10
100

1
100
100

288
273
309

85
169
200

Total dry weight of ether extract was 306.1 mg from 100 g of ".'$(wholeplant residue. % dry weight: dry weight of a
compound relative to total dry weight of whole plant residue.
Threshold concentration: the concentration at which a compound started growth inhibition of wheat coleoptiles and roots.
I50 is the concentration of compound at which it caused 50% inhibition of coleoptile and root growth in the test plant.

Plants in the genus %$%$$# are also famous for a wide variety of biologically active compounds; one of the best-studied is %$%$$#
%$#*( commonly known as dwarf lily turf. 
%$#*( was initially known for its medicinal
value but was latterly discovered to be an allelopathic plant. The methanolic extract from the roots of
 %$#*( reduced root and hypocotyl growth in
lettuce. Salicyclic acid and %-hydroxybenzoic acid
were identified as an allelochemicals in  %$#
*( by NMR [92].
Root exudates of buckwheat ( $%.'*" (
*!#)*") are also a good source of allelopathic
compounds including vanillic acid, gallic acid 4hydroxyacetophenone. All three compounds have
inhibitory effects on the growth and development of
other plant species [93]. Vanillic acid from germinating watermelon seeds has also inhibited the
shoot growth of lettuce and tomato but stimulated
the shoot growth of amaranth and barnyard grass in
a laboratory bioassay [94].

 %# 
In allelopathy one species releases bioactive
secondary metabolites to affect the growth and
development of other species. Various plant species
are capable of releasing biologically potent compounds that can be actively used as allelochemicals
against weeds, herbs, microorganisms and nematodes. The compounds (phenolics, alkaloids, oligosaccharides, etc.) that are released from various
plant organs under favourable conditions have the
ability to contribute towards a complex set of interactions in the rhizosphere. For example, terpenoids,
isothiocynates and phenolic compounds from various crop species can be used as weedicide, herbicides and against seed borne fungi. Also, the leaf
extracts from )*! %*(#( and polysulphides
from garlic can be used as a potential nematocide
against parasitic neamatodes in the infected soils.







1057

$#

! %   





!"  ! 


""#

[12]Brigham, L.A., Michaels, P.J. and Flores, H.E.
(1999) Cell-specific production and antimicrobial activity of naphthoquinones in roots of
Lithospermum erythrorhizon. Plant Physiol.
119, 417-428.
[13]Meepagala, K.M., Schrader, K.K., Wedge, D.E.
and Duke, S.O. (2005) Algicidal and antifungal
compounds from the roots of *) '+$!#(
and synthesis of their analogs. Phytochemistry
66, 2689-2695.
[14]Shariati, M. (2007) The effect of some allelochemicals on seed germination of $'$#!!
+' L. seeds. Am-EurAsian J. Agric. Environ.
Sci. 2, 534-538.
[15]Fry, S.C. (1989) The structure and functions of
xyloglucan. J. Exp. Bot. 40, 1-11.
[16]McDougall, G.J. and Fry, S.C. (1994) Fucosylated Xyloglucan in Suspension-Cultured Cells
of the Graminaceous Monocotyledon, ()*
'*##. J. Plant Physiol. 143, 591-595.
[17]Garcia-Romera, I. and Fry, S.C. (1995) The
longevity of biologically-active oligogalacturonides in rose cell cultures: degradation by exopolygalacturonase. J. Exp. Bot. 46, 1853-1857.
[18]Zabotina, O.A., Ibragimova, N.N., Zabotin,
A.I., Trofimova, O.I. and Sitnikov, A.P. (2002)
Biologically active oligosaccharides from pectins of (*" ()+*" L. seedlings affecting
root generation. Biochemistry (Mosc.) 67, 227232.
[19]Suzuki, T., Tomita-Yokotani, K., Tsubura, H.,
Yoshida, S., Kusakabe, I., Yamada, K., Miki, Y.
and Hasegawa, K. (2002) Plant growthpromoting oligosaccharides produced from tomato waste. Bioresour. Technol. 81, 91-96.
[20]Suzuki, T., Tomita-Yokotani, K., Yoshida, S.,
Takase, Y., Kusakabe, I. and Hasegawa, K.
(2002) Preparation and isolation of oligogalacturonic acids and their biological effects in
cockscomb (!$( '#) L.) seedlings. J.
Plant Growth Regul. 21, 209-215.
[21]Campbell, J.A., Drake, A.M., Lee, V.W.K. and
Strother, S. (1995) A putative oligosaccharin
growth promoter from )(+#' L. primary
cell walls. Ann. Bot. 75, 359-363.
[22]Campbell, J.A., Loveys, B.R., Lee, V.W.K. and
Strother, S. (1995) Growth-inhibiting properties of xylem exudate from Vitis vinifera.
Funct. Plant Biol. 22, 7-13.
[23]Dakora, F.D. and Phillips, D.A. (2002) Root
exudates as mediators of mineral acquisition in
low-nutrient environments. Plant Soil 245, 3547.
[24]Prakash, S., Koul, S. and Bhalla-Sarin, N.
(2003) Germinating pigeonpea ( #*( #)
seeds secrete factor (s) having antiethylene-like
effects. Physiol. Plant. 118, 589-596.

[1] Friebe, A., Schulz, M., Kuck, P. and Schnabl,
H. (1995) Phytotoxins from shoot extracts and
root exudates of '$%.'$# '%#( seedlings.
Phytochemistry 38, 1157-1159.
[2] Colpas, F.v.T., Ono, E.O., Rodrigues, J.o.D.
and Passos, J.R.d.S. (2003) Effects of some
phenolic compounds on soybean seed germination and on seed-borne fungi. Braz. Arch. Biol.
Technol. 46, 155-161.
[3] Deng, F., Aoki, M. and Yogo, Y. (2004) Effect
of naringenin on the growth and lignin biosynthesis of gramineous plants. Weed Biol. Manage. 4, 49-55.
[4] Muscolo, A., Sidari, M., Panuccio, M.R., De
Santis, C. and Finocchiaro, A. (2005) Early effects of phenolic compounds, extracted from
two forest litters, on ammonium uptake and assimilation in #*( !'$ and #*( %#()'
seedlings. Plant Soil 269, 309-320.
[5] Hegab, M.M., Khodary, S.E.A., Hammouda, O.
and Ghareib, H.R. (2008) Autotoxicity of chard
and its allelopathic potentiality on germination
and some metabolic activities associated with
growth of wheat seedlings. Afr. J. Biotechnol.
7.
[6] Iqbal, A. and Fry, S.C. (2012) Potent endogenous allelopathic compounds in %*"
()+*" seed exudate: effects on epidermal cell
growth in "'#)*( *)*( seedlings. J.
Exp. Bot. 63, 2595-2604.
[7] Iqbal, A., Miller, J.G., Murray, L., Sadler, I.H.
and Fry, S.C. (2016) The pectic disaccharides
lepidimoic acid and β-d-xylopyranosyl-(1→
3)-d-galacturonic acid occur in cress-seed exudate but lack allelochemical activity. Ann. Bot.
117, 607-623.
[8] Wang, X.F., Xing, W., Wu, S.H. and Liu, G.H.
(2009) Allelopathic effects of seed extracts of
four wetland species on seed germination and
seedling growth of Brassica rapa spp. pekinensis, Oryza rufipogon and Monochoria korsakowii. Fresenius Environ Bull 18, 1832-1838.
[9] Beninger, C.W., Abou-Zaid, M.M., Kistner,
A.L.E., Hallett, R.H., Iqbal, M.J., Grodzinski,
B. and Hall, J.C. (2004) A flavanone and two
phenolic acids from Chrysanthemum morifolium with phytotoxic and insect growth regulating activity. J. Chem. Ecol. 30, 589-606.
[10]Fry, S.C., Aldington, S., Hetherington, P.R. and
Aitken, J. (1993) Oligosaccharides as signals
and substrates in the plant cell wall. Plant
Physiol. 103, 1.
[11]Braga, M.R. and Dietrich, S.M.C. (1998) Phytoalexin-inducing oligosaccharins from the cell
walls of tropical Rubiaceae1, 2. Rev. Bras.
Fisiol. Veg. 10, 79-84.

1058

$#

! %   





!"  ! 


[38]Torres, A., Oliva, R.M., Castellano, D. and
Cross, P. (1996) First world congress on allelopathy, a science of the future. Cadiz, Spain:
SAI (University of Cadiz).
[39]Natsume, M., Kamo, Y., Hirayama, M. and
Adachi, T. (1994) Isolation and characterization of alginate-derived oligosaccharides
with root growth-promoting activities. Carbohydr. Res. 258, 187-197.
[40]Tomita-Yokotani, K., Kato, T., Parvez, M.,
Mori, Y., Goto, N. and Hasegawa, K. (2003)
Approach of allelopathy study with '
$%(( )!# (L.) Hevnh. and *'$(%$'
'((. Weed Biol. Manage. 3, 93-97.
[41]Higashinakasu, K., Yamada, K., Shigemori, H.
and Hasegawa, K. (2004) Effects of seed exudates of several plant species during germination stage. Weed Biol. Manage. 4, 171-175.
[42]El-Shora, H.M. and El-Gawad, A.M.A. (2015)
Physiological and biochemical responses of
Cucurbita pepo L. mediated by Portulaca
oleracea L. allelopathy. Fresen. Environ. Bull
24, 386-393.
[43]Rice, E.L. (1979) Allelopathy-an update. The
Botanical Review 45, 15-109.
[44]Kato-Noguchi, H. (2003) Allelopathic substances in *'' )*#'#. Phytochemistry 63, 577-580.
[45]Kato-Noguchi, H. (2003) Isolation and identification of an allelopathic substance in (*"
()+*". Phytochemistry 62, 1141-1144.
[46]Macias, F.A. (1995) Allelopathy in the search
for natural herbicide models. In: 582, 310-329
[47]Zamuner, N., Franzetti, D., Michetti, M.H.,
Collavino, M. and Mareggiani, G. (2005) Impact of natural extracts on target and non target
soil organisms. Boletin de sanidad vegetal.
Plagas 31, 443-448.
[48]Einhellig, F.A., Reigosa, M.J. and Pedrol, N.
(2002) The physiology of allelochemical action: clues and views. Allelopathy: from molecules to ecosystems1-23.
[49]Nilsson, M.-C. (1994) Separation of allelopathy and resource competition by the boreal
dwarf shrub
"%)'*" '"%'$)*"
Hagerup. Oecologia 98, 1-7.
[50]Wardle, D.A., Nicholson, K.S. and Rahman, A.
(1996) Use of a comparative approach to identify allelopathic potential and relationship between allelopathy bioassays and competition
experiments for ten grassland and plant species. J. Chem. Ecol. 22, 933-948.
[51]Kobayashi, K. (2004) Factors affecting phytotoxic activity of allelochemicals in soil. Weed
Biol. Manage. 4, 1-7.
[52]Blum, U. (1995) The value of model plantmicrobe-soil systems for understanding processes associated with allelopathic interaction:
one example.

[25]Bacilio-Jimanez, M., Aguilar-Flores, S., Ventura-Zapata, E., Perez-Campos, E., Bouquelet, S.
and Zenteno, E. (2003) Chemical characterization of root exudates from rice ('./()+)
and their effects on the chemotactic response of
endophytic bacteria. Plant Soil 249, 271-277.
[26]Rice, E.L. (1984), Allelopathy, Access Online
via Elsevier.
[27]Hasegawa, K., Mizutani, J., Kosemura, S. and
Yamamura, S. (1992) Isolation and identification of lepidimoide, a new allelopathic substance from mucilage of germinated cress
seeds. Plant Physiol. 100, 1059-1061.
[28]Barthomeuf, C., Hitmi, A., Veisseire, P. and
Coudret, A. (1996) Identification and assay of
pyrethrins in Chrysanthemum cinerariefolium
calli. Biotechnol. Tech. 10, 639-642.
[29]Miyamoto, K., Ueda, J., Yamada, K., Kosemura, S., Yamamura, S. and Hasegawa, K.
(1997) Inhibitory effect of lepidimoide on senescence in Avena leaf segments. J. Plant Physiol. 150, 133-136.
[30]Miyamoto, K., Ueda, J., Yamada, K., Kosemura, S., Yamamura, S. and Hasegawa, K.
(1997) Inhibition of abscission of bean petiole
explants by lepidimoide. J. Plant Growth Regul. 16, 7-9.
[31]Madanat, H.M., Al Antary, T.M. and Zarqa,
M.H.A. (2016) Toxicity of six ethanol plant extracts against the green peach aphid Myzus
persicae Sulzer (Homoptera: Aphididae).
Fresen. Environ Bull 25, 706-718.
[32]Ruess, L., Michelsen, A., Schmidt, I.K., Jonasson, S. and Dighton, J. (1998) Soil nematode fauna of a subarctic heath: potential nematicidal action of plant leaf extracts. Appl.
Soil Ecol. 7, 111-124.
[33]Hirsch, A.M., Bauer, W.D., Bird, D.M.,
Cullimore, J., Tyler, B. and Yoder, J.I. (2003)
Molecular signals and receptors: controlling
rhizosphere interactions between plants and
other organisms. Ecology 84, 858-868.
[34]Walker, T.S., Bais, H.P., Grotewold, E. and
Vivanco, J.M. (2003) Root exudation and rhizosphere biology. Plant Physiol. 132, 44-51.
[35]Weir, T.L., Park, S.-W. and Vivanco, J.M.
(2004) Biochemical and physiological mechanisms mediated by allelochemicals. Curr. Opin.
Plant Biol. 7, 472-479.
[36]Rudrappa, T., Czymmek, K.J., Pare, P.W. and
Bais, H.P. (2008) Root-secreted malic acid recruits beneficial soil bacteria. Plant Physiol.
148, 1547-1556.
[37]Bais, H.P., Weir, T.L., Perry, L.G., Gilroy, S.
and Vivanco, J.M. (2006) The role of root exudates in rhizosphere interactions with plants
and other organisms. Annu. Rev. Plant Biol. 57,
233-266.

1059

$#

! %   





!"  ! 


[53]Blum, U. (1996) Allelopathic interactions involving phenolic acids. J. Nematol. 28, 259.
[54]Blum, U., Gerig, T.M., Worsham, A.D. and
King, L.D. (1993) Modification of allelopathic
effects ofp-coumaric acid on morning-glory
seedling biomass by glucose, methionine, and
nitrate. J. Chem. Ecol. 19, 2791-2811.
[55]Inderjit. (1996) Plant phenolics in allelopathy.
The Botanical Review186-202.
[56]Nair, M.G., Whitenack, C.J. and Putnam, A.R.
(1990) 2, 2'-OXO-1', 1-azobenzene A microbially transformed allelochemical from 2, 3Benzoxazolinone: I. J. Chem. Ecol. 16, 353364.
[57]Reigosa, M.J., Pedrol, N., Sanchez-Moreiras,
A.M. and Gonzalez, L. (2002) Stress and allelopathy. Allelopathy: from molecules to ecosystemsp. 231-256.
[58]Einhellig, F.A. (1996) Interactions involving
allelopathy in cropping systems. Agron. J. 88,
886-893.
[59]De Feo, V., De Martino, L., Quaranta, E. and
Pizza, C. (2003) Isolation of phytotoxic compounds from Tree-of-Heaven (!#)*( !)(
(" Swingle). J. Agric. Food Chem. 51, 11771180.
[60]Davis, E.F. (1928) The toxic principle of *
!#(#' as identified with synthetic juglone
and its toxic effects on tomato and alfalfa
plants. Am. J. Bot. 15, 620.
[61]Jose, S. and Gillespie, A.R. (1998) Allelopathy
in black walnut ( *!#( #' L.) alley cropping. I. Spatio-temporal variation in soil juglone in a black walnut, corn (".(L.) alley cropping system in the midwestern USA.
Plant Soil 203, 191-197.
[62]Hejl, A.A.M., Einhellig, F.A. and Rasmussen,
J.A. (1993) Effects of juglone on growth, photosynthesis, and respiration. J. Chem. Ecol. 19,
559-568.
[63]Shah, B. (1997) The checkered career of !#
)*(!)((". Arnoldia 3, 21-27.
[64]Mergen, F. (1959) A toxic principle in the
leaves of Ailanthus. Bot. Gaz.32-36.
[65]Voigt, G.K. and Mergen, F. (1962) Seasonal
variation in toxicity of !#)*( leaves to pine
seedlings. Bot. Gaz. 123, 262-265.
[66]Kubota, K., Fukamiya, N., Hamada, T., Okano,
M., Tagahara, K. and Lee, K.H. (1996) Two
new quassinoids, Ailanthinols A and B, and related compounds from !#)*( !)((". J.
Nat. Prod. 59, 683-686.
[67]Kcuck, M.M., Demirbas, A. and Ayas, A.
(1994) Fatty acid of Ailanthus altissima. Modelling Measurement and Control 46, 45-48.
[68]El-Baky, A.M.A., Darwish, F.M., Ibraheim,
Z.Z. and Gouda, Y.G. (2000) Phenolic compounds from !#)*(!)((" Swingle. Bulletin of pharmaceutical science- ASSUIT University 23, 111-116.

[69]Mastelic, J. and Jerkovic, I. (2002) Volatile
constituents from the leaves of young and old
!#)*(!)((" (Mill.) Swingle tree. Croat.
Chem. Acta 75, 189-197.
[70]Wu, H., Pratley, J., Lemerle, D., An, M. and Li
Liu, D. (2007) Autotoxicity of wheat (')*"
()+*" L.) as determined by laboratory bioassays. Plant Soil 296, 85-93.
[71]Wu, H., Pratley, J., Lemerle, D., Haig, T. and
Verbeek, B. (1998) Differential allelopathic potential among wheat accessions to annual
ryegrass. In: 567-571
[72]Wu, H., Pratley, J., Lemerle, D. and Haig, T.
(2000) Laboratory screening for allelopathic
potential of wheat (')*" ()+*") accessions against annual rye grass ($!*"
'*"). Crop and Pasture Science 51, 259266.
[73]Belz, R.G. (2007) Allelopathy in crop/weed
interactions-an update. Pest Manage. Sci. 63,
308-326.
[74]Kong, C., Liang, W., Xu, X., Hu, F., Wang, P.
and Jiang, Y. (2004) Release and activity of allelochemicals from allelopathic rice seed-lings.
J. Agric. Food Chem. 52, 2861-2865.
[75]Lovett, J.V. and Hoult, A.H.C. (1995) Allelopathy and self-defense in barley. In: 582, 170-183
[76]Liu, D.L. and Lovett, J.V. (1993) Biologically
active secondary metabolites of barley. I. Developing techniques and assessing allelopathy
in barley. J. Chem. Ecol. 19, 2217-2230.
[77]Asghari, J. and Tewari, J.P. (2007) Allelopathic
Potentials of Eight Barley Cultivars on '((
 * (L) Czern. and )' +'( (L) p.
Beauv. Journal of Agricultural Science and
Technology 9, 165-176.
[78]Burgos, N.R., Talbert, R.E., Kim, K.S. and
Kuk, Y.I. (2004) Growth inhibition and root ultrastructure of cucumber seedlings exposed to
allelochemicals from rye (! '!).
Journal of chemical ecology 30, 671-689.
[79]Barnes, J.P. and Putnam, A.R. (1987) Role of
benzoxazinones in allelopathy by rye (!
'! L.). J. Chem. Ecol. 13, 889-906.
[80]Kagan, I.A., Rimando, A.M. and Dayan, F.E.
(2003) Chromatographic separation and in
vitro activity of sorgoleone congeners from the
roots of Sorghum bicolor. J. Agric. Food Chem.
51, 7589-7595.
[81]Einhellig, F.A. and Souza, I.F. (1992) Phytotoxicity of sorgoleone found in grain sorghum
root exudates. J. Chem. Ecol. 18, 1-11.
[82]Einhellig, F.A., Rasmussen, J.A., Hejl, A.M.
and Souza, I.F. (1993) Effects of root exudate
sorgoleone on photosynthesis. J. Chem. Ecol.
19, 369-375.

1060

$#

! %   





!"  ! 


[83]Macias, F.A., Varela, R.M., Torres, A., Oliva,
R.M. and Molinillo, G. (1998) Bioactive norsesquiterpenes from !#)*( ##**( with
potential allelopathic activity. Phytochemistry
48, 631-636.
[84]Ashrafi, Z.Y., Sadeghi, S., Mashhadi, R.H. and
Hassan, A.M. (2008) Allelopathic effects of
sunflower ( !#)*(##**() on germination
and growth of wild barley ( $'*"(%$#)#
*"). J. Agric. Tech 4, 219-229.
[85]Batlang, U. and Shushu, D.D. (2007) Allelopathic Activity of Sunflower ( !#)*( #
#**( L.) on Growth and Nodulation of Bambara Groundnut (# (*)''# (L.) Verdc.).
J. Agron. 6, 541.
[86]Munchberg, U., Anwar, A., Mecklenburg, S.
and Jacob, C. (2007) Polysulfides as biologically active ingredients of garlic. Org. Biomol. Chem. 5, 1505-1518.
[87]Anwar, A., (2009), Natural polysulfidesreactive sulfur species from Allium with applications in medicine and agriculture, PhD thesis, Fachrichtung 8.2 - Pharmazie, Germany.
[88]An, M., Pratley, J.E. and Haig, T. (1997) Phytotoxicity of vulpia residues: I. Investiga-tion
of aqueous extracts. J. Chem. Ecol. 23, 19791995.
[89]An, M., Haig, T. and Pratley, J.E. (2000) Phytotoxicity of vulpia residues: II. Separation,
identification, and quantitation of allelochemicals from *!% ".*'$(. J. Chem. Ecol. 26,
1465-1476.
[90]An, M., Pratley, J.E. and Haig, T. (2001) Phytotoxicity of vulpia residues: III. Biological activity of identified allelochemicals from *!%
".*'$(. J. Chem. Ecol. 27, 383-394.
[91]An, M., Pratley, J.E. and Haig, T. (2001) Phytotoxicity of Vulpia residues: IV. Dynamics of
allelochemicals during decomposition of Vulpia residues and their corresponding phytotoxicity. J. Chem. Ecol. 27, 395-409.
[92]Aini, A.S.N., Goh, B.L. and Ridzuan, R. (2009)
The effects of different indole-3-butyric acid
(IBA) concentrations, two light regimes of in
vitro rooting and acclimatization of in vitro
teak ()$# '#() plantlets. Afr. J. Biotechnol. 8, 6151-6161.
[93]Kalinova, J., Vrchotova, N. and Triska, J.
(2007) Exudation of allelopathic substances in
buckwheat ( $%.'*" (*!#)*" Moench).
J. Agric. Food Chem. 55, 6453-6459.
[94]Kushima, M., Kakuta, H., Kosemura, S.,
Yamamura, S., Yamada, K., Yokotani-Tomita,
K. and Hasegawa, K. (1998) An allelopathic
substance exuded from germinating watermelon seeds. Plant Growth Regul. 25, 1-4.

"0.04@0/
   
..0:>0/
   


 ""#! %$ "

75,/;-,6
Department of Agriculture,
Garden Campus, Abdul Wali Khan University
Mardan, 23200 – Pakistan
e-mail: amjadiqbal147@yahoo.com

1061

#"

  $   





  !






$ "$" ##
$"$$ #"$  '
# 
    

-310 2+<);4)13$67)36/3<


Department of Plant and Animal Production, Gumushane Vocational High School Gumushane University, Gumushane, Turkey



#$"$

$" %$ 

Sainfoin (     ) subjected to a
range of studies relating to agronomy, environmental
preferences, crop protection and plant-microbial interactions, is an important forage species in agriculture, that be prefered by farmers than other forage
legumes. This fact has give importance to breeding
of this plant for the development of diverse varieties
and so for this purpose many wild forms are cultivated. The most important problem in sainfoin cultivation is poor germination problem in wild species.
With the aim of solving this problem, we carried out
to evaluate the response of wild sainfoin seeds to the
application of different gibberellic acid (GA3) (a
germination hormone) concentration in vitro conditions. Five levels of gibberellic acid (100, 250, 500,
1000 and 1500 ppm) was used in the test. Seed coat
was removed and the seeds were placed on Murashige&Skoog (MS) medium supplemented with
gibberellic acid (GA3) and kept under these conditions for 46 days. Seed germination percentage and
germination associate parameters; speed of germination, mean germination time, mean daily germination, peak value and germination value, were calculated. The experiment was carried out using complete block design with three replications. According
to the results obtained from different GA3 application medium, the highest germination percentage
48,89 recorded at in medium containing 250 ppm
GA3 whereas in control has recorded 42,22 at the
end of the 46th day. Other concentrations, 100,
500,1000 and 1500 ppm, achieved a reduction in
seed germination compared to control, respectively
28,15, 15,56, 24,44, 34,81. Not only in germination
percentage result, but also in other germination associate parameters, the addition of 250 ppm gibberellic
acid to Murashige and Skoog medium increased the
values compared to the control and ensured a rapid
increase and peak between the 8th and 12th days in
all parameters.



Sainfoin is an perrennial forage legume which
is widespread extensively in Eastern Europe, West
Asia and mediterranean countries. Its wild species
have a large adoptation ability to biotic and abiotic
stres condition (cold, drougt, diseases, pests, salinity). Sainfoin has high value as animal feed hay.
Also, it has beneficial effect in rotational agriculture,
erosion control, improving soil organic matter and
nitrogen content, is used as green manure and covercrop and has melliferous flowers attract bees and
birds thus enhancing biodiversity, ensure it important in honey industry. It was reported that sainfoin silage has a beneficial effect on dry matter intake, dry matter digestibility and cellulose digestibility in sheep [1] as well as duodenally utilisable crude
protein and metabolizable energy [2]. It is rich in
macro and micro elements but Cu, Zn and Mg elements are also recommended to be added to the soil
[3].
The genus Onobrychis comprises different species of which     is of greatest agronomic
importance.        originates from
Turkey, Iran and Europe, has been an important forage legume in temperate zone land until the 1950s.
It was first cultivated in the north of France [4] and
in the United Kingdom [5]. It was replaced by high
yielding alfalfa and clover species during the Green
Revolution [6, 7, 8, 9, 10, 11].     fattens
livestock quicker than any other known forage without causing bloating and have anthelmintic properties because the leaves of common sainfoin contain
high levels of condensed tannins [12]. This content
can be more than five times higher than in clover
species or alfalfa that enable it to be a natural alternative to drugs to control nematode parasitism in the
guts of small ruminants especially in goat and sheep
production systems [8].     intake don’t affect negativelly milk quantity and quality of animals.
Furthermore various studies showed that the voluntary intake of sainfoin was comparable or even
higher than the intake of alfalfa or clover species [13,
14, 15, 16, 17]. It is reported by researcers that farmers appreciate sainfoin (   ) because of its
high palatability and nutritional value properties
[18]. Also sainfoin (    ) colonize a broad
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Sainfoin, Germination, Gibberlic acid



1062

#"

  $   





  !




range of rhizobia genera in its root on the contrary to
other legumes for that are specific thereby has
needed no nitrogen fertilizer and more resistant to
pests. All of which properties, put it more adventageus position to be prefered by farmers than other
forage legumes. it gained importance in scientific
agenda during the last years [13, 14, 15, 16, 17]. The
preferrence of sainfoin (  ) by farmers because of so many features mentioned above has give
importance to breeding of this plant for the development of diverse biotic and abiotic stress tolerant varieties. Therefore, the progress of this species by genetic engineering techniques contribute significant
advanteges for plant breeding objectives. For this
purpose many wild forms are cultivated. However
genetically wild trait show variation during cultivation. As for sainfoin cultuvation, the most important
problem is germination problem in wild species. In
the light of this case, the aim of this study was to
resolve the germinated problem of the wild form
sainfoin (     ) by using gibberellic
acid (GA3), a germination hormone.

flow chamber and 70% of alcohol for 10 minute
were treated respectivelly. Finally the seeds were
rinsed again with sterile distilled water 3 times for 5
minutes with a continuous stirring. After sterilization
procedure, dried seeds were transfered into the Murashige and Skoog medium (MS) supplemented with
different concentrations of gibberellic acid (GA3) (0,
100, 250, 500,1000, 1500 ppm) to induce germination. After which all of the germination mediums
were incubated in a dark-light cycle of 8 h:16 h under
1600 lux light. The average temperature was maintained at 18 °C. Seeds were observed daily for seed
germination until radicle exit come to an end. At the
end of the 46th day the experiment was ended.
Seed germination percentage and germination
associate parameters; speed of germination, mean
germination time, mean daily germination, peak
value and germination value, were calculated by using following formulas [19, 20,21, 22]. Also a single
factor analysis of variance was conducted for statistical evaluation.
Germination percentage =Number of germinated
seeds / Total number of seeds × 100
Speed of germination= n1/d1+n2/d2+n3/d3+--------Mean germination Time (MGT)= n1 x d1 + n2 x d2
+ n3 x d3 + ----/ Total number of days
Mean daily germination (MDG) = Total number of
germinated seeds/ Total number of days
Peak Value (PV) = Highest seed germinated/ Number of days
Germination Value (GV)= PV X MDG
Where, n = number of germinated seeds, d=
number of days.

$"#$ #
The present work was conducted in Laboratory
of Crop and Animal Production Department, Vocational Schools of University of Gumushane, Turkey.
One wild populatition sainfoin (     
) seeds collected from existing natural areas at
Eastern Anatolia region in Turkey, were assessed in
germination test under in vitro condition by using
complete block design with three replications (45
seeds for per replication).
The surface sterilization procedure of sainfoin
seeds was performed by soaking in sodium hypochlorite 100% commercial bleach (containing 6%
sodium hypochlorite) solution of 70% and plus few
drops of Tween 20 for 20 minutes with a continuous
stirring. Then seeds were rinsed three times with
sterilized distilled water for 5 minutes in laminar

"#%$##%## 
The germination percentage and related germination parameters of Onobrychis viciafolia seeds in
the medium containing different concentrations of
gibberellic acid has been presented in Table 1.

$ 
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Also statistical test results has been given in Table 2 and Table 3. According to the Anova statistical
test results given in Table 2, the conclusion reached
was that GA3 hormone added to the germination medium were affected germination percentage and
other germination parameters. Hence, a significant
differences between different GA3 concentration application groups was deduced. To determine which
application groups values have significant difference
between them, Multiple comparison test was fulfilled and the tukey test results has been given in Table 3. Also, the column of significant differences in
Table 2 shows Which groups differ significantly between them or not.
There are significant differences between the
germination percentage values of the groups except
for the values between 100 ppm and 1000 ppm
groups when the tables are examined. It is seen that
these differences are in favor of 250 ppm application
group. Maximum germination percentage (48,89)
was recorded at 250 ppm GA3 application followed
by control (42,22), 1500 ppm (34,81), 100ppm
(28,15), 1000ppm (24,44), 500ppm (15, 56) respectively. Similar result was also seen in other germination parameters value except mean germination time

-)5
#8<)9-
443,547
5,490
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80,798
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,475
,000

5695,680

,000

19,889
,014

1422,348
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,044
,000

146,385

,000

,043
,000

309,064

,000

,095
,001

161,828
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#1/51.1+)5;
,1..-9-5+-:
There is a difference between the
other groups except between 1001000 ppm groups
There is a difference between the
other groups except between control -100 ppm
groups
There is a difference between the
all groups
There is a difference between the
other groups except between 1001000 ppm groups
There is a difference between the
other groups except between 1001500 ppm, and
500-1000 ppm
groups
There is a difference between the
other groups except between 5001000 ppm groups

in that there was no significant difference between
250 ppm and control group value. Speed of germination was recorded highest at 250 ppm application
group as value of 1,75. Similarly the mean daily germination, germination value and peak value were
recorded maximum at 250 ppm GA3 application medium again as value of 0.48, 0.39, 0.81 respectively.
When the other application groups except the 250
ppm application group were examined and istatistically compared to control, germination parameters
has been exhibited decreases that was not much sequential between each other.
In addition to all these, changes of application
groups value in germination parameters (germination percentage, speed of germination, mean germination time, mean daily germination, germination
value) in consecutive days are presented graphically
as Figure 1A, 1B, 1C,1D,1E. From the present observation of this graphics, the result has been showed
that there were significant spikes in values generally
between the 8th and 12th days even if less between
the 2th and 4th days, especially stand out in the 100
ppm and 250 ppm application group. When it is thoroughly examined, while the important spike in the
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germination percentage values of the 250 ppm application group has been encountered only between
10th and 12th days, for other germination parameters, it has been subsist not only this days period but
also in between 2 and 4 days scarcely as less important value. As for the application group of 100
ppm GA3, it gained importance between 8th and
12th days, besides were also seen in less value between 2th and 4th days for speed of germination and

mean daily germination. When looking at the graphs
in general, 100 and 250 ppm application groups at all
parameters were observed at higher values than the
control and other groups until the 12th day. But in
the next days after the 12th day, the decrease in values from 100 ppm application medium in germination paremeters except speed of germination has
bursted into sight, in the following days it has been
observed at a lower level than the control.
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We have conducted a study using higher concentration of GA3 (100, 250, 500, 1000 and 1500
ppm) to determine the upper limit that can improve
germination. The inference from overall is that the
250 ppm GA3 application have a statistically significant positive effect into the in vitro germination of
Onobrychis viciafolia seeds compared to control
group and other application groups. Similarly, 250
ppm gibberellic acid was found to have a higher effect on germination rates than control in a study carried about Influence of chemical stimulators in decreasing of allelopathic effect of Eucalyptus camaldulensis on germination properties of Onobrychis
sativa [23].
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phytoremediation potential of the indigenous dominant species growing on a heavy-metal-polluted rural industrial wasteland in China. They determined
that native plant species had high phytoremediation
potential of Cd, Pb, Cu and Cr-contaminated soils.
Some significant heavy metals such as; Hg, Cd, Pb,
Cr, Zn, Cu, Ni, Sn, As etc. in soil causing biological
toxicity and resulting in the deterioration of the environment have been gradually increased by human
activities with the development of the global economy [3]. Industrial pollutants cause soil pollution
and include some heavy metals. In the study by
Washa et al. [4], distributions of Zn (70.6 to 533.0
mg kg-1) and Cu (8.7 to 648 mg kg-1) concentrations
of soils near the port site in the Jordanian coast of the
Gulf of Aqaba showed that there is a contamination
by Zn and a high contamination by Cu, particularly
in the soils influenced by former port loading, unloading and storage activities. They reported that
there is a significant relation between Cu and Zn due
to these metal compounds found in the port deposits
with sulfur, as chalcopyrite (CuFeS2), sphalerite
(ZnS). In another study, soil Mn concentrations in
Bacau City of Romania exceeding the national
thresholds in the areas influenced by industrial waste
deposits highlighting historic pollutions as an active
source [5]. High Mn content in the city center was
explained by traffic pollution and by decreasing
wind speed from the edge to the city center because
of the increasing height of buildings. Tao et al. [6]
determined that there was point source pollution of
Cd, Pb, Cr and Cu, whereas non-point source pollution of Zn around the area of Shangrao copper mine,
Jiangxi, China. The degree of heavy metal pollution
decreased as Cu > Cd > Pb > Zn > Cr. Jiang et al. [7]
determined the heavy metal contamination in agricultural soils near the mining area in Tongling
County, Anhui Province, China and found that Pb,
As, Zn, Cd and Cu were greatly affected by mining,
milling, smelting industrial activities and also irrigating with contaminated water.
Other important factors in soil pollution are
crude oil from oil production processor and oil
wastes in petroleum industry [8, 9]. Recently after
the developed industrial sector in the northern part of
Iraq, especially oil refinery in oil production process,
led to environmental pollution because industrial development only focused on the amount of production

In this study, the heavy metal pollution in soils
of Northern Iraq caused by industry was determined.
A total numbers of 48 surface soil samples of near
(0.2 km) and far away (2 and 10 km) from the pollution sources were taken from Dhok, Erbil, Koyia,
and Sulemania cities and the concentrations of Fe,
Ni, Zn, Cd, Cu, Co, Pb, As, Mo, Cr, Se, Sb, and Hg
were determined. When comparing the 0.2 km soil
sampling position, all of heavy metal contents generally decreased at 2 and 10 km sampling positions
with increasing distance from the pollutant sources.
The mean values of Ni, Cd, Hg were found in high
level compared to limit values. The maximum values
of Fe and Zn contents were also found higher than
the limit values. The decreases in Cd, Mo and Cu
contents due to increasing distance from the pollutant sources were found significant (P<0.05) statistically. The highest heavy metal content was obtained
for Ni in the soil samples taken from Dhouk, Koyia,
Erbil and for Zn in the soil sample of Sulemania. The
soil samples of Dhok and Sulemania had higher Ni,
Cr, Zn and Cu contents than the samples of Erbil and
Koyia.
&% !
Heavy metal, industry, pollution, soil sampling position.
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The global development in recent years leads to
environmental pollution. Heavy metal pollution in
soils is one of the environmental pollution in the
world. Heavy metal accumulation or present in soil
from natural and anthropogenic sources is defined as
soil pollution. It was reported that heavy metal concentrations, except Pb and Cr, in urban soils (including educational area, manufacturing area, residential
area, commercial area and heavy traffic area) exceeded their background values. Heavy metal contamination
level
was
in
rank
of
Cu>Zn>Ni>As>Hg>Pb>Cr. The contents of Cu, Zn
and Cd had shown tendency to increase from uncontaminated soil towards moderately contaminated soil
[1]. Liu and Chen [2] (2018) studied the
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and neglected environmental pollution. The Pb and
Cd content determined in the industrial area of Amol
and Babol soils were higher than the permissible limits [10]. A research to protect the northern soils of
Iraq under heavy metal pollution risk will be useful
for determine the problem and make a new planning
for prevent or decrease heavy metal pollution due to
industrialization. Therefore, the objective of this
study was to determine the heavy metal pollution
level of northern soils in Iraq caused by oil and iron
industry. It is thought that the results of this research
can be a reason to take preventions related with soil
pollution caused by mining activities around industrial fields.


" !"!

This study was carried out in three stages including field (sampling process), laboratory (soil
analyses) and office works (data analyzes). This research was carried out Dhok, Erbil, Koyia and Sulemania cities in Northern Iraq located between
43°14′37″- 45°37′41″E longitudes and 36°46′18″-

35°28′04″N latitudes shown in the world map in Figure1.
These soil sampling locations are industrial areas, especially the areas of oil production and iron
production factories. Soil sampling procedures were
realized in three positions in each location as near
0.2 km to the pollutant sources, 2 and 10 km far away
from the pollutant sources. A total number of 48 surface soil samples (0-30 cm depth) of near and far
away from the pollution sources were taken from six
sampling points in Erbil, four sampling points in
Sulemania, four sampling points in Dhok and two
sampling points in Koyia with recording GPS readings for all sampling locations. The interpolation
maps for the soil sampling points are given in Figures 2, 3, 4 and 5. Soil sampling points of 11, 12, 38
(Erbil), 13, 14, 39 (Sulemania) were selected around
the steel industry areas; 23, 24, 44 (Dhok) around the
gas production industry areas; 31, 32, 48 (Dhok)
around the electric production industry areas; 17, 18,
41 (Sulemania) around the general industrial areas,
and the other soil sampling points are selected
around the oil refinery and production industrial areas of Erbil, Dhok, Sulemania and Koyia cities.

# 
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Metals
Pb (mg kg-1)
Ni (mg kg-1)
As (mg kg-1)
Cr (mg kg-1)
Cd (mg kg-1)
Hg (µg kg-1)
Co (mg kg-1)
Fe (%)
Mo (mg kg-1)
Zn (mg kg-1)
Cu (mg kg-1)
Se (mg kg-1)
Sb (mg kg-1)

"
".+*+9)8/6:/<+9:':/9:/)9(+254-.+'<>3+:'2)54:+4:95,95/29'362+9
No.
Minimum
Maximum
Mean
Std. Deviation
48
2.30
139.44
15.40
19.95
48
58.50
1197.20
179.39
189.73
48
3.00
11.10
6.40
1.39
48
0.04
4.46
0.53
0.72
48
42.40
444.80
109.05
74.93
48
5.00
96.00
18.23
14.97
48
10.70
56.90
20.71
8.78
48
1.82
7.67
2.92
0.92
48
0.09
4.12
0.83
0.71
48
16.90
2038.20
116.44
291.19
48
16.65
132.74
30.30
17.13
48
0.10
0.90
0.46
0.22
48
0.04
1.90
0.22
0.27

"
".+3+'495,.+'<>3+:'2)54:+4:95(:'/4+*/4*/,,+8+4:*/9:'4)+9'='>:56522;:'4:95;8)+9
Fe
Hg
Ni
As
Cr
Cd
Pb
Co
Mo
Zn
Cu
Se
Disµg
tance
%
mg kg-1
kg-1
3.1 17.6 143.3 6.5 0.7 117.0 21.2 19.8 0.9 224.1 37.1 0.5
0.2 km
4
9
0
1
2
4
2
0
7
5
6
0
2.9 16.4 173.2 6.7 0.6 104.7 14.5 20.8 0.6
28.9 0.5
2 km
72.18
7
4
1
1
0
0
5
3
7
7
1
2.6 20.5 221.6 5.9 0.2 105.4 10.4 21.5 0.8
24.7 0.3
10 km
53.00
6
6
8
8
5
2
2
1
4
8
8

Sb

0.3
1
0.1
3
0.2
1

mg kg-1, 18.23 µg kg-1, 20.71 mg kg-1, 2.92%, 0.83
mg kg-1, 116.44 mg kg-1, 30.30 mg kg-1, 0.46 mg kg1
and 0.22 mg kg-1, respectively. Özcan and Yaman
[12] reported that the ranges of heavy metals in the
soils of Pinarhisar and Elazig varied 2.7 to 8.2 mg
kg-1 and 10 to 35 mg kg-1 for Ni; 2.0 to 3.5 mg kg-1
and 6 to 12 mg kg-1 for Pd and 18 to 44 mg kg-1 and
21 to 38 mg kg-1 for Cu, respectively. Generally
heavy metal contents for Ni, Pd and Cu in this study
were found to be higher than their values. Huang et
al. [13] reported that the mean contents of Cd, Cr,
Pb, Ni, Zn and Cu were 0.26, 52.69, 24.09, 29.77,
57.00 and 26.09 mg kg-1 in surface soil of Huaibei
coalfield site of Sunan mining area. In our study,
mean heavy metal contents of the soils, except Cr
and Pb, were higher than the heavy metal contents of
their study. It was determined that the mean values
of Ni, Cd and Hg were higher than the tolerable values of 50 mg kg-1, 3 mg kg-1 and 2 µg kg-1 reported
by Bergmann [14], respectively. The maximum values of Pb, Zn and Cu were also determined higher
than tolerable values of 100 mg kg-1, 300 mg kg-1 and
100 mg kg-1reported by Bergmann [14], respectively. The maximum Fe value in soil samples was
higher than the acceptable range levels of 0.2-5 %
reported by Özbek et al. [15].
The mean heavy metal contents of soil samples
changed with the sampling positions from 0.2, 2 and
10 km far away from the pollutant sources (Table 2).
Generally the heavy metal concentrations in soils,

Soil samples were stored in plastic bags and
carried to the laboratory of Soil Science and Plant
Nutrition Department at Faculty of Agriculture in
Yüzüncü Yıl University, Van-Turkey. Air dried soil
samples were crushed by wooden hammer and
passed through 2 mm sieve. Soil samples were extracted with double acid extraction method using 2:1
ratio of nitric:perchloric acid solution according to
Kacar [11]. In soil extract solutions, Pb, Ni, As, Cd,
Cr, Hg, Co, Fe, Mo, Zn, Cu, Se and Sb concentrations were determined by using ICP-MS (Perkin
Elmer, ELAN 9000 USA). The differences in heavy
metal contents of soils due to distance from pollution
sources to sampling points and their significance levels were analyzed statistically by using SPSS program.

!#"!!#!!
In this study 48 soil samples taken from different distances to the pollutant sources were analyzed
to determine the Pb, Ni, As, Cr, Cd, Hg, Co, Fe, Mo,
Zn, Cu, Se and Sb contents.Descriptive statistics of
the results of heavy metal contents are shown in Table 1.
The mean concentration values of Pb, Ni, As,
Cr, Cd, Hg, Co, Fe, Mo, Zn, Cu, Se and Sb in the
soils of Northern Iraq were found as 15.40 mg kg-1,
179.39 mg kg-1, 6.40 mg kg-1, 0.53 mg kg-1, 109.05
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kg-1) were found higher than that of other cities.
Generally, Ni, Cr, Zn and Cu contents in the soil
samples of Dhok and Sulemania were higher than
that of Erbil and Koyia. The concentration of heavy
metal in each city soils influenced by various sources
such as anthropogenic and natural. There are many
factors about soil pollution in today caused by land
management and human activities [20]. Generally
Northern Iraq soils have been polluted by various
sources [21], especially by anthropogenic sources
such as; industrialization having oil refinery and iron
factory.
According to the results Ni, Hg, Cd and Zn concentrations in 0.2 km sampling positions were found
in high levels compare to limit values reported by
Bergmann [14] in all sampling locations therefore oil
industries (oil production process) and iron industry
(production of iron) and oil field have high concentrations of Pb, Ni, As, Cd, Cr, Hg, Co, Fe, Mo, Zn,
Cu, Se and Sb. The soil contamination by heavy metals may be influenced by intensive industrial activity
accumulate large quantities of pollutants in northern
Iraq areas [22]. It was reported that Cd, Pb, Ni, Hg
and Fe release the environment especially by mining,
oil industry, combustion of fossil fuels, metal refining [23].

especially for Fe, As, Cr, Cd, Pb, Mo, Zn, Cu, Se and
Sb, decreased while the distance of soil sampling
points increased from the pollution sources. Therefore, highly contaminated samples were in 0.2 km
distance from the pollution sources and lower contamination levels were obtained 2 and 10 km far
away from the pollutant sources. The decreases in
Cd, Mo and Cu contents due to distances from away
to pollutant sources were found significant (P<0.05)
statistically. Kashem and Singh [16] reported that
the concentrations of total Cu, Ni, Pb and Zn decreased with increasing distances from the areas of
tannery and textile dying industries. Similarly Blom
[17], Loska et al. [18], Li and Huang [19] reported
that heavy metal contents increased around industrial area soils.
The contents of heavy metals (Pb, Ni, As, Cd,
Cr, Hg, Co, Fe, Mo, Zn, Cu, Se and Sb) showed the
differences among the soil sampling locations. The
mean heavy metal contents of soil samples taken
from Dhok, Erbil, Koyia and Sulemania are shown
in Figure 6. The highest mean value was obtained for
Ni in the soil samples taken from Dhouk (324.2 mg
kg-1), Koyia (112.7 mg kg-1), Erbil (109.4 mg kg-1)
and Zn in the soil sample of Sulemania (234.5 mg
kg-1). The mean values of Cr content in soil samples
of Dhok (147.4 mg kg-1) and Sulemania (142.1 mg
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Generally all of heavy metal contents, except
Ni, Hg and Sb, decreased while increasing the distance away from the pollution sources. Gülser and
Erdogan [24] reported that when the heavy traffic on
roadside was accepted pollutant source, generally
heavy metal contents (Pb, Cr, Ni, Cd, Fe, Mn, Cu
and Zn) of soils significantly decreased with the soil
sampling positions getting away from the roadside.
In this study, the increases in mean concentration of
Ni, Hg and Sb were determined at 10 km position
compare to those in 0.2 km sampling position far
away from the pollution sources. The increases for
Ni, As, Hg, Co and Mo concentrations in 2 and 10
km locations when comparing to those in 0.2 km faraway to pollution source can be explained with different factors affected contamination of metals such
as topography and climate conditions, lithogenic reasons and mineral deposits. Similarly Ma and Gui
[25] investigated heavy metal accumulation in surface soils of higher education mega center. They determined that Cd posed the highest ecological risk
among the searched heavy metals. They also declared that Cd may come from agricultural and industrial activities whereas, Ni and Cr were mostly of
native origin. Ali et al. [26] reported that the heavy
metals concentration in gold mining area of DarMali locality-Sudan were found in the following sequence; Fe>Mn>Zn>Ni>Cu>Co>Pb>Cd, and mining zone was clearly affected by high concentration
of heavy metals, particularly Pb inside mining basins.


#! "!

petrochemical waste can result the contamination of
soils with Cd, Cr, Cu, Ni, Pb, V and Zn [27]. It was
reported that Cd, Pb, Ni, Hg and Fe release the environment especially by mining, oil industry, combustion of fossil fuels, metal refining [28]. Bento et al.
[29] declared that urban soil highly polluted with
heavy metals. They found that Cd and Pb bioavailability increased in urban soil redeposition. Aminiyan
et al. [30] studied the effects of human activities as
well as different land-use on accumulation of trace
elements in urban topsoil in Rafsanjan (Iran). They
reported that the highest values of pollution index
and trace elements (Zn, Pb, Cu and Cr) concentration
were located in central part of the city and highways
with a great vehicle traffic load and also in the vicinity of industrial factories due to different land-use
and human activities.
According to the results Ni, Hg, Cd and Zn
concentrations in 0.2 km sampling positions were
found in high levels compare to limit values reported
by Bergmann [14] in all sampling locations. Therefore oil and iron industries, and oil fields have high
concentrations of Pb, Ni, As, Cd, Cr Hg, Co, Fe, Mo,
Zn, Cu, Se and Sb. The petroleum hydrocarbons and
heavy metals can impact soil ecosystems and sufficiently cause significant losses in soil quality. The
soil microorganism catalyzed biological processes
negatively influenced by petroleum hydrocarbons
and heavy metals [31]. Similarly it was reported that
the growth of the oil industry in Nigerian and the
marketing of petroleum products caused environmental pollution by oil spills involving blow-outs,
leakages from tanks or tanker trucks, and dumping
of west petroleum products [32]. The important factor in soil pollution is crude oil from oil production
processor and the main type of dangerous in petroleum industry oil wastes are also dangerous to environment.
The amounts of heavy metals determined in
this study the may cause to deterioration of soil quality. The increasing contents of heavy metals in soils
may also cause an increase in their content in surface
and ground waters as a result of leaching in future.
Therefore we should care about increasing of heavy
metals contents in waste or disposal of oil production
and metal industry. To protect and prevent environmental pollution in north soils of Iraq, we suggest to
do not neglect the environmental pollution while establishing high quality of oil refinery and factory,
and pay attention on environmental planning to conserve and protect soil from contamination and to create green areas for clean environment. It is thought
that the results obtained from this research could be
awareness in this sense and a reason to take preventions related with soil pollution when producing in
industrial fields.

As a result the mean concentrations of Fe, Zn,
Cd, Cu, Co, Pb, As, Mo, Cr and Se in the soil samples taken from 0.2 km near the pollution sources
were higher than the mean concentration of heavy
metals in the soil samples taken from 2 and 10 km
far away from the pollution sources located in the
cities of Northern Iraq. It was determined that mean
values of Ni, Cd and Hg were higher than the critical
values. Also, the maximum values of Pb, Zn and Cu
were higher than the tolerable values reported by
Bergmann [14] and the maximum Fe value was
higher than the acceptable level reported by Özbek
et al. [15].
The mean heavy metal contents for 13 elements
(Pb, Ni, As, Cd, Cr, Hg, Co, Fe, Mo, Zn, Cu, Se and
Sb) showed the differences among the soil sampling
locations. The concentration of heavy metal in each
city soils influenced by various sources such as anthropogenic and natural. While Ni content showed
the highest mean value among the 13 heavy metals
in the soil samples taken from Dhouk, Koyia, Erbil,
and Zn content had the highest mean value in the soil
sample of Sulemania. Ni, Cr, Zn and Cu contents in
the soils of Dhok and Sulemania cities were higher
than the soils of Erbil and Koyia cities. The
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(has not been a comprehensive study of pollen).
Hence, it was examined in detail in the following
pollen grains of three endemic ( species.
Therefore, the aim of the present study was to examine the pollen morphology of almost three recognised ( species and to evaluate the significance of pollen characteristics for the infrageneric taxonomy of the genus.

The pollen morphology of ( '$
Fırat,  %$&!%% Fırat,  $!%% Fırat species (Asparagaceae) was examined using Light
Microscopy (LM) and Scanning Electron Microscopy (SEM). The taxa are similar in some aspects,
such as pollen size and reticulate exine sculpturing.
Pollen grains are shed as monads. They are monosulcate, ellipsoidal, isopolar and bilateral symmetric. The exine is semitectate and the tectum is perforate. Sulcus extends from distal to proximal in
some pollen of this genus. Besides, this study is the
first report dealing with the palynological features
of three endemic ( Lapeyr. species.


#!"#"
The pollen grains were obtained from herbarium samples. For light microscopy (LM) study, the
pollen slides were prepared according to Wodehouse [10] technique. The following parameters
were measured: pollen size (long axis (LA) and
short axis (SA)), sulcus width, pore width, exine
thickness, and intine thickness. The reported pollen
size represents the mean of about 30 pollen grains.
Photomicrographs were made with an Olympus
BX31 binocular light microscope. The Scanning
Electron Microscopy (SEM) was also used to investigate exine patterning in detail. The pollen was
mounted on stubs with platinum after treatment
with 70% alcohol and air-drying, and photomicrographs were taken with a ZEISS supra 55 electron
microscope.
The pollen terminology was used to describe
all shapes and sizes, the morphologies and ornamentation were based on Punt et al. [11]. The classification used to describe the aperture size was
established by Faegri and Iversen [12].

"5+)/2+37 /3:+78/-'8+* ( '$
Fırat: Turkey. C9 Siirt: Şirvan province, Herzane
hill, Kuska region, Humid steppe, 1098 m, coll.
30.04.2014,  )$&   (holotype VANF);
( %$&!%% Fırat: Turkey. C9 Siirt: Eruh
province, 12 km from Eruh to Siirt, neer road and
steppe, 806 m, coll. 30.04. 2014,  )$&  
(holotype VANF); ( $!%% Fırat:
Turkey. C10 Hakkari: Şemdinli, Derecik province,
Merga nergisa, steppe, 715 m, coll. 30.04.2014, 
)$& (holotype VANF).



&%!"
Asparagaceae, (, pollen morphology, endemic,
Turkey

#!$#
The Asparagaceae family has 143 genera and
3632 species which are distributed naturally in
temperate, sub-tropical and tropical regions. The
family is represented by 19 genera and 182 species
in the flora of Turkey [1, 2, 3]. ( Lapeyr.
is, according to recent literature, a bulbous plant
belonging to Asparagaceae Chase et al. [4]. The
Irano-Turanian phytogeographical region is a very
important region due to the high distribution of the
species [5]. Pehlivan and Ozler [6] examined in
detail the following pollen grains of 14 Turkish
'%$ species. Ozler and Pehlivan [7] examined
in detail the following pollen grains of 20 taxa from
%#$'% L. and $&$ L of the Liliaceae.
Lopez et al. [8] investigated the pollen morphology
and wall structure of $ and $$$ in order to
clarify their taxonomy. The morphological, anatomical and palynological characteristics of $
$"&'!" Boiss. were investigated by Kizilpinar et al. [9].
As far as we know, there is no comprehensive
study to be found according to this genus of pollen
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0.13 μm and the thickness of a muri is on average
0.08-0.26 μm (Figure 1-c).
 %$&!%%; the number of the lumina in 1
μm2 is 6-9, the diameter of lumina is approximately
0.18-0.60 μm, the number of perforation in 1 μm2 is
4-7 at the sulcus side or at the lateral surface. The
diameter of a perforation is approximately 0.040.15 μm and the thickness of a muri is on average
0.06-0.18 μm (Figure 1-f).
$!%%; the number of the lumina in 1
μm2 is 1-6, the diameter of lumina is approximately
0.14-0.70 μm, the number of perforation in 1 μm2 is
2-8 at the sulcus side or at the lateral surface. The
diameter of a perforation is approximately 0.030.10 μm and the thickness of a murus is on average
0.12-0.30 μm (Figure 1-k).

!"$#""$"""
Pollen characteristics of endemic (
%#% are summarised in Table 1 and are shown in
Figs 1 - 2. The sulcus is usually very wide (8.4015.75 µm). Sulcus length is 42.00-55.65 μm, sulcus
width is 15.75-9.45 μm based on LM. The sulcus
membrane is rugulate. While the sulcus is sharp at
apex in %$&!%%and $!%%it is round
at apex in '$ (Figure 1). The exine is tectate
and 0.79-1.31 μm thick. Intine thickness ranges
from 0.53 to 0.79 μm (Table 1).
'$the number of the lumina in 1 μm2
is 6-9, the diameter of lumina is approximately
0.10-0.55 μm, the number of perforation in 1 μm2 is
2-5 at the sulcus side or at the lateral surface. The
diameter of a perforation is approximately 0.05-



#
411+32465.414-/)'15'6'2+8+674,8.+/3:+78/-'8+*    75+)/+7
#';'

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

143-
';/7
(µm)
Min-max
49.77 ±3.07
44.10-53.55
43.12 ±2.42
39.90-47.25
41.27 ±2.29
35.70-44.10

7.468
';/7 (µm)
Min-max
32.52 ±2.21
27.30-36.75
30.38 ±1.74
28.35-33.60
26.36 ±1.90
24.15-30.45



Prolate
Prolate
Prolate

+3-8.4,8.+
791)97 ("1-
(µm)
Min-max
60.52 ±3.08
50.95-65.65
55.25 ±2.16
40.95-55.65
52.00 ±4.38
41.59-51.34

%/*8.4,
8.+791)97
"18>2
Min-max
12.98 ±1.90
9.45-15.75
11.97 ±1.65
9.45-13.65
10.40 ±1.88
8.40-15.75

;/3+(µm)

38/3+(µm)

Min-max

Min-max

1.07± 0.18
0.79-1.31
1.13± 0.12
1.05-1.31
0.99± 0.21
0.79-1.31

0.68 ±0.13
0.53-0.79
0.59 ±0.10
0.53-0.79
0.56 ±0.08
0.53-0.79

63'2+3
8'8/43
Reticulate
Reticulate
Reticulate



$!
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'$ and %$&!%% are narrow endemics in the eastern Anatolian region. This species,
which is seen in the steppe areas, also spreads in the
openings of '$'% forests.  $!%% is a
narrow point endemic and distributed in areas close
to the Iraqi border region of the town of Derecik, in
the Şemdinli district of Hakkâri province. [13].
The Asparagaceae family is a difficult group
among monocotyledonous plants for taxonomical
and systematic reasons. In order to supply more
morphological data to solve some of these problems, a detailed pollen morphological study of three
species of the genus ( has been undertaken. Several of them are endemic for Turkey, and all
of them are entomogamous plants.
The common characteristics of the pollen
grains of the investigated species are that their pollen apertures are monosulcate. The aperture type is
predominantly monosulcate in monocotyledons, as
in Asparagales and Liliales, as emphasized by Harley and Zavada [15]. The Asparagaceae have
monosulcate pollens. The monosulcate aperture
might be a strong palynological evidence for the
common origin of monocotyledons and dicotyledons. Sulcate, colpate, colporate pollen apertures
are the most common in biotically pollinated families and the sulcate pollen has a much older pollen
record than those of both porate and colpate pollen
[7, 14, 15]. This is the most common aperture type
among the monocots, and is derived from several
different developmental pathways, leading thus to
homoplasy in the interpretation of monosulcate
character state [16]. Monocots generally have
monosulcate or monoporate pollen grains, although
there are numerous exceptions [17]. Sometimes no
aperture is detected, and thus inaperturate pollen

grains are not rare among the Monocots [18]. Within Asparagales clade, most of the families produce
monosulcate pollen [16].
We have found that the ( pollen is
monosulcate and sulcus extends from distal to proximal. These results are similar to former studies [6,
9, 19-22]. During the present study, some remarkable differences in the measurement of dimensions
were observed between taxa. Among the examined
genera, the biggest pollen size was found in 
$!%%(Table 1). No data about sulcus extention to proximal and sulcus ends have been observed in any studies other than those by [6, 21-24].
Accordingly ( species, there has been a
transition from a monosulcate to extended sulcate.
At the same time, these results are similar to [21,
22]. The widest sulcus was measured in $
!%% (Table1, Figure 1), which agrees with the
statement of [21-25]. Extended sulcate pollen
grains, found in the ( may have evolved
by extended by joining of the extremities of the
aperture. Some researchers have shown that the
sulcus features may be a taxonomic characteristic in
some families [6, 21-24].
No other previous studies have been done related to these genera provided data about the sulcus
membrane characteristics except for the research on
$&$ species by [7, 23, 25]. According to
Kosenko [23], sulcus membrane surface were good
characteristics for the classification genus. Sulcus
membrane of ( pollen grains are rugulate.
The edges of the sulcus are irregular in investigated
taxa (Figure 1 a-d-g). Semitectate, tectum perforate
exine and thin exine in the examined taxaare primitive characteristics in monocotyledones and are


$! 
 .484-6'5.74,  '( )*
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[7] Ozler, H., Pehlivan, S. (2007) Comparison of
Pollen morphological structures of some taxa
belonging to %#$'% L. and $&$ L.
(Liliaceae) From Turkey. Bangladesh J. Bot.
36(2), 111-120.
[8] Lopes, R.C., Andreata, R.H.P., Pinto, S.C.,
Trovo, M., Esteves, V.G. (2013) Pollen morphology and wall structure of Neotropical species of $$$ and $ (AsparagaceaeAgavoideae) and its taxonomic implications.
Plant Syst. Evol. 299, 25–34.
[9] Kizilpinar-Temizer I., Celemli O. G., Zare, G.,
Sorkun, K. (2018) The anatomical and palynological features of scree plant Heldreichia rotundifolia Boiss. (Brassicaceae) endemic to
Turkey. Fresen. Environ. Bull. 27, 236-240.
[10]Wodehouse, R.P. (1935) Pollen Grains. New
York: McGraw Hill Press. 435p.
[11]Punt, W., Hoen, P.P., Blackmore, S., Nilsson,
S. and Thomas, A.L. (2007) Glossary of pollen
and spore terminology. Rew Palaeobot Palynol.
143, 1-81.
[12]Faegri, K., Iversen, J. (1989) Textbook of pollen analysis. 4th ed. In: Faegri, K., Kalland,
P.E. & Krzywinski, K. (eds.) J. Wiley & Sons,
Chichester, New York, Brisbane, Toronto, Singapore. 328p.
[13]Fırat, M. (2014) Three New Species of
( Lapeyr. (Asparagaceae) from East
Anatolia/Li Kurdistana Bakur Sê Cureyên Nû
Yên ( Lapeyr. (Asparagaceae)/Doğu
Anadoluda Üç Yeni ( Lapeyr. (Asparagaceae) Türü, Sitav yayınevi, Van, 200p.
[14]Harley, M.M. and M.S., Zavada, (2000) Pollen
of the monocotyledons: selecting characters for
cladistic analysis. In: Wilson, K.L. and Morrison, D.A. (Eds.) Monocots: Systematics and
Evolution. CSIRO, Melbourne.
[15]Linder, H.P. (2000) Pollen morphology and
wind pollination in angiosperms. In: Harley,
M.M., Morton, C.M. and Blackmore, S. (Eds.)
Pollen and Spores: Morphology and Biology.
Royal Botanic Gardens, Kew.
[16]Penet, L., Nadot, S., Ressayre, A., Forchioni,
A., Dreyer, L., Gouyon, P.H. (2005) Multiple
developmental pathways leading to a single
morph: monosulcate pollen (Examples from
the Asparagales). Ann Bot. 95, 331–343.
[17]Furness, C.A., Rudall, P.J. (2000a) The systematic significance of simultaneous cytokinesis during microsporogenesis in monocotyledons. In: Wilson, K.L., Morrison, D.A. (eds.)
Monocots: systematics and evolution. CSIRO,
Melbourne, 189–193.
[18]Furness, C.A., Rudall, P.J. (2000b) Aperture
absence in pollen of monocotyledons. In: Harley, M.M., Morton, C.M., Blackmore, S. (eds.)
Pollen and spores: morphology and biology.
Royal Botanic Gardens, Kew. 249–257.

observed in the early stages of angiosperm evolution [6, 7, 17, 21, 23, 25-27]. These results showed
that monosulcate grains were usually prolate, heteropolar, bilateral and monosulcate-operculate in the
( genus and at the same time, sulcus extends from distal to proximal in all of the species in
( genus (Figure 1 b-e-h; Figure 2 b-d).
( colpus extends from distal to proximal. Investigations in other genera and species of
the Liliaaceae give comparable information for the
genus $&$. In the investigated (
species reticulate (columellae form a reticulate
pattern beneath the tectum: Faegri & Iversen [12])
or suprareticulate (reticulation only on the outside
of the tectum) ornamentations can be distinguished.


$""
We obtained a correlation between our results
and the classification of three species, that is, pollen
features, especially pollen size and sulcus extends
from distal to proximal, proved to be the most useful characters for the systematics of three endemic
( species.


%#"
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&'%'

This physiological and ecological study was
performed on        DC. to
acquire information about certain characteristics
(bioclimatic, edaphic, topographic, biotic etc.) of its
habitat and distribution in Turkey, determine the
requirements for germination, explore the soil-plant
relations and obtain data on certain aspects of its
population biology. Plant and co-located soil samples were collected from Amasya and Havza District (Samsun) in Turkey using standard methods.
Various analyzes were employed for determining of
physical, chemical and biological properties of the
plant species and its co-located soils including pH,
total protein and electrical conductivity (EC), soil
texture, contents of mineral nutrition and other
physical and chemical parameters and the results
were presented. Nutrient amounts (in %) were
found to be in the ranges of 0.01-0.007 for N,
0.0008-0.001 for P, 0.01-0.09 for K, 0.0002-0.0003
for Na in the soils and 2.25 for N, 0.0068 for P,
0.07 for K and 0.02 for Na in the plant, respectively. Also, it was observed that germination ratios of
the seeds were depended on various factors.



and flavonoids have been isolated from various
species of   [4].
The genus    from which approximately 73% of these species are endemic comprising about 200 species in Turkey growing in particularly the south-western and eastern parts of the
country [5-7].
     is endemic to Turkey and
grows in Istanbul (Kartal), Bursa (Mudanya),
Kastamonu, Corum (between Uzaykoy and Kuzkisla), Amasya (Kirklar), Samsun (Havza), Samsun
(Ladik), Sivas (Divrigi), Malatya, Erzincan (Kemaliye, Salihli), Tunceli (Ovacik), Elazig (between
Firat and Elazig), Bingol (between Bingol and
Mus), Gaziantep (between Aril and Gaziantep), and
Diyarbakir [6-8].      is a perennial
species having 35–70 cm height, profusely
branched from near base with spreading branches
and purple flowers [9]. Period of flowering for 
    starts at the beginning of June and
lasts until the end of August. The species shows
distributions from sea level up to 1600 m around
steps and dry and rocky slopes [8].
Species cannot be understood well without
considering their habitats. Data about a habitat
contributes for understanding of bioclimatic, terrestrial and biotic characteristics of a specific region
and describes sum of the biotic and abiotic resources needed by an organism [10]. Regarding
these points, this study was conducted to find out of
ecophysiological properties of      by
investigating its physical, chemical and biological
parameters.

+*#%&
Asteraceae family,        DC., endemism, mineral nutrition

"'%#('#"

   also known as centaury, centory,
starthistles, knapweeds and centaureas is a large
genus in the Asteraceae family consisting of approximately 600 species distributed all around the
world, particularly in the Middle East and surrounding regions [1,2]. A number of species from this
genus are used in the treatment of rheumatism and
gout and also utilized as anti-inflammatory, antipyretic, analgesic, diuretic, cytotoxic, antibacterial
and tonic [3]. Compounds such as sesquiterpene
lactones, acetylenes, triterpenes, as well as lignans

!'% &"!'#&

&?@1D.=2.The city of Amasya (Figure 1) is
located in the northern part of Turkey and stands in
the mountains above the Black Sea coast,
40°39'12"N 35°49'59"E [11]. The population of the
province is 321.977 [12]. Amasya has an area of
5,690 km2. The endemic species richness of the
region is very high (206 species) [11].
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'  
869.?21.?.3;=9.>D.2?B22: 
!;:?5>
A2=.42?29<2=.?@=2F
A2=.425645F
A2=.428;BF
$=206<6?.?6;:74 9 

.: 2/ !.=
2.6 4.1
8.3
6.8 9.2 14.3
-1.2 -0.4 2.6
47.8 35.7 44.1

<=
13.5
20.1
6.9
59.7

!.D
17.7
24.7
10.5
51.5

@:
21.6
28.6
13.9
36.3

@8
24.0
30.9
16.3
15.6

@4
24.0
31.2
16.3
10.3


&2<
20.0
27.6
12.6
21.4

#0?
14.6
21.7
8.3
38.3

";A
8.2
14.0
3.4
50.2

20  +2.=
4.3
13.58
8.5
19.8
0.8
7.5
48.7 459.6


formed during this period and alluvial deposition is
still ongoing within these areas [11].
There are two soil groups in the study area:
bottom land and slope soils. The bottom land soils
consisting of alluvial sediment soils are mostly seen
around River Yesilirmak and its tributaries, where
the streams flow into there. The soil texture varies
from mild to severe within the slopes [11].
Silts are mainly found in the young delta
plains but also old alluvial soils are seen along with
terraces separated by steep slopes in Samsun. The
transition zone to the south mountainous areas is
covered by old clayey-chalky depositions. The
coastal mountains are composed of Cretaceous
lava. The clayey gravelly sediments are seen in the
inner parts of the same mountains. Neogene sediments in the inner parts and the old and curly Cretaceous and Eocene flysch rocks are found in the
south of the plains occasionally covered with alluvial soils. The volcanic formations are observed in
the large areas. The Eocene, Cretaceous and Neogene dated formations are frequently seen around
Samsun. The chestnut-colored and gray-brown
podzolic soils are dominant in Havza, the district of
Samsun [17].

Samsun province(41°17′25″N 36°20′01″E) is
located in the northern part of Turkey (Figure 2)
and extends along the Black Sea coast between two
delta rivers, Kizilirmak and Yesilirmak. The population of the province is 1,261,810. Samsun has an
area of 9,579 km2 [12]. Neighbors of the city are
Sinop on the northwest, Corum on the west,
Amasya on the south, Tokat on the southeast, and
Ordu on the east [13]. Havza is a district of Samsun
Province and it has an area of 788 km2. Havza is
situated in a valley at an altitude of 675 m surrounded by mountains from three sides [14].
';<;4=.<5D&;68.:12;8;4DAmasya and
surrounding regions comprising mostly complicated
geological structures, including a number of mountains, plains, lakes, rivers, streams, valleys and
plateaus contain rock groups belonging to the different geological periods (Quaternary, Neogene,
Eocene and Cretaceous), hence having different
evolution patterns. The rock groups in the regions
were formed about 430 million years ago and as a
result of metamorphoses, they can be seen in alluvial plain because of deposition [15]. Amasya is
included in Tokat Massif placed into the Sakarya
Zone of the Pontides [15, 16]. Amasya region is
situated within a mountain belt called Pontide
which extends along northern part of Turkey. The
Black Sea mountain belt (Pontides) was started to
take form about 29 million years ago and as a result
of continued evolution of the mountain belt, the
formation of the current geography of the region
has been taken part (mountains, plains, lakes, rivers, streams, valleys and plateaus). Covering a large
area around Amasya, the young basins (Suluova,
Geldingen, Tasova and Aydinca plains) were

869.?2 The climatic conditions of Amasya
are characterized by hot summers with drought
periods and cold, rainy winters. Amasya features a
kind of transition climate between the Oceanic
climate and Continental Mediterranean climate. The
mean annual temperature of this region ranges from
8 to 12oC. In the region, the annual precipitation is
between 350-450 mm (Table 1). Despite the precipitation (as snow and rain), water deficiency effectively occurs during the summer period [18].
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A2=.42?29<2=.?@=2F 7.0 6.7 8.0 11.2 15.3 20.2 23.3 23.5 20.0
A2=.425645F
10.7 10.6 12.0 15.2 18.6 23.5 26.5 27.0 23.9
A2=.428;BF
4.0 3.5 4.7 7.7 11.7 16.0 19.1 19.6 16.4
$=206<6?.?6;:74 9 
61.4 51.8 56.8 57.5 49.4 47.4 31.6 37.0 52.5


#0?
16.0
20.0
12.8
88.2

";A 20 +2.=
11.9 9.0 14.34
16.1 12.7 18.07
8.6
6.0 10.84
84.2 73.3 691.1

od [20]. Multi element stock solutions-1000 ppm
(Merck) were used for preparing of the standard
solutions employed for the measurement of K and
Na in both plant and soil samples using Inductively
Coupled Plasma Optical Emission Spectroscopy
(Varian-Liberty Series II). Also, for the estimation
of P contents of all samples, a method given by
Olsen and Sommers (1982) [21] was utilized [20].

A temperate climate prevails in Samsun. The
total number of days at temperature below 0°C is
lower than 20 days. Samsun has a typical Oceanic
climate characterized by warm summer with humidity and cool and damp winter. The average
temperature of the region ranges from 1 to 39°C. In
the region, the annual precipitation is 691.1 mm
[18]. Precipitation is the heaviest in late autumn and
early winter (Table 2). Samsun has different climatic conditions depending on the parts of the region.
Although, a typical Mediterranean climate is observed in the coastal region, an inland continental
climate prevails along the inner parts of the region
under influence of the mountains. While the precipitation in the coastal area is usually in the form of
rain, inland areas are covered by snow for a number
of days [13]. Our other study area (Havza) has a
kind of transition climate between a temperate
climate and an inland continental climate. The
Oceanic climate is seen in some areas whereas the
inland continental climate is observed in some other
areas. Fog and snowfall occurs during the winter
period [14].

%&( '&"&(&&#"

This research was carried out in the concept of
understanding of the ecophysiological characteristics of      in particular soil-plant
interactions and mineral nutrition status. 
   is an endemic species showing large-scale
geographic distribution in Istanbul (Kartal), Bursa
(Mudanya), Kastamonu, Corum (between Uzaykoy
and Kuzkisla), Amasya (Kirklar), Samsun (Havza),
Samsun (Ladik), Sivas (Divrigi), Malatya, Erzincan
(Kemaliye and Salihli), Tunceli (Ovacik), Elazig
(between Firat and Elazig), Bingol (between Bingol
and Mus),Gaziantep (between Aril and Gaziantep)
and Diyarbakir in Turkey and adapted to the climates ranging from Mediterranean to inland continental climates [8].
The results of physical and chemical analyzes
of the soil samples collected from the center of
Amasya and Havza District (Samsun) are presented
in Table 3. The results showed that the species is
capable of growing in loamy, neutral and slightly
alkaline soils, with average pH values of 7.43 for
Amasya and 7.20 for Havza District (Samsun). The
concentrations of CaCO3 (in %) were 8.32 for
Amasya and 10.62 for Havza District (Samsun).
The data revealed that the plant has the ability to
grow on medium (up to upper limit) calcareous
soils. The data for electrical conductivity (in
mS/cm) were 0.332 for Amasya and 0.262 for
Havza District (Samsun) indicating compatibility of
non-saline texture.
The chemical analyses of soils showed that N
values (in %) were found to be in ranges of 0.0320.068 (average 0.0518) for Amasya and 0.0170.070 (average 0.039) for Havza District (Samsun)
(Table 3). In general, N contents of mineral soils (in
%) varies between 0.02 and 0.5, while the average
value is 0.15 [22]. The data obtained from this work
showed that N values (in %) were within normal
ranges, however lower than the average in the soils

;8820?6;: $=2<.=.?6;: .:1 :.8D>2> ;3
&.9<82> The plant and co-located soil samples
were collected from the center region of Amasya
and Havza District (Samsun). Each of the soil samples (approximately 500 g) from study areas was
taken from a depth of about 20 cm using a stainless
steel shovel. After collection, they were left for airdrying and then passed through a 2-mm sieve. After
sieving of the samples, the contents of N, P, K, Na,
and CaCO3 were determined by employing appropriate methods. Also, the fresh plant samples were
collected from the study areas and the roots,
branches and leaves of the plant samples were isolated and oven-dried at 80°C for 24 h, milled in
micro-hammer cutter and fed through a 1.5-mm
sieve. Then, the N, P, K and Na contents of the
roots, branches and leaves of plant samples were
determined. After all, statistical analyzes were
conducted on the results recorded in our study.
The determination of electrical conductivities
of soils from study areas were carried out according
to Black (1968) [19]. An electronic pH-meter was
utilized for the measurements of soil pH (in a 1:2.5
soil/water suspension). The CaCO3 contents of soils
was determined according to Tuzuner (1990) [20].
The total N content estimation in plant and soil
samples was done using a modified Kjeldahl meth-
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in soils lie between 0.013 (130 mg/kg) and 0.058
(580 mg/kg) and the average value (in %) for K is
0.0355 (355 mg/kg) [20]. Therefore, it can be concluded that K levels in the soils were within normal
limit in Amasya and close to upper limit in Havza
District (Samsun). Average K values (in mg/kg) of
     were found to be as 570.98
(349.5-668.15) (0.0571%) in leaves, 541.0 (442.83654.4) (0.0541%) in stems and 714.55 (513.95898.4) (0.0714%) in roots for Amasya and 1074.74
(874.55-1300.4) (0.1074%) in leaves, 687.1 (613.4796.8) (0.0687%) in stems and 921.5 (784.851083.9) (0.0921%) in roots for Havza District
(Samsun) (Table 4). Epstein (1999) [24] reported
that the level of K in plants is around 1%. Hence,
our results were lower than the average. This implies that sufficient K uptake was carried out by the
plant because the levels of K in the plant parts
(≥0.05416%) were higher the levels of the soils
from Amasya (≤0.0228%) and Havza District
(Samsun) (~0.0582%) (Tables 3 and 4). The average contents of Na (in mg/kg) in the soils were
determined as 3.56 (3.125-3.875) (~0.00036%) for
Amasya and 2.128 (2.008-2.32) (~0.000213%) for
Havza District (Samsun). These values (Table 3)
were in ranges of lower than normal limits in which
are around 0.0046% [20]. The concentrations of Na
(in mg/kg) in    were found to be as
follows; 116.71 (87.71-148.88) (0.00116%) in
leaves, 94.35 (64.54-129.56) (0.0094%) in stems
and 206.68 (136.04-306.42) (0.00206%) in roots for
Amasya and 413.24 (279.49-721.3) (0.00413%) in
leaves, 272.6 (202.67-397.57) (0.0027%) in stems
and 386.89 (284.1-446.22) (0.0038%) in roots for
Havza District (Samsun) (Table 4). In plants, the
levels of Na are around 0.001% [24]. Thus, it can
be said that the concentrations of Na in 
   were higher than the normal limits. It suggests that the plant accumulates Na in its body due
to the fact that the soils from the research areas
contain lower Na contents than the average in both
locations. This implies that the plant is adapted to
live under such conditions; so that, its growth is
promoted.

of study areas. Chemical analyzes of plant samples
collected from study areas indicated that the average N values (in %) were 2.018 (1.95-2.1) in
leaves, 2.21 (2.1-2.3) in stems and 2.376 (2.3-2.5)
in roots for Amasya and 2.115 (2.01-2.2) in leaves,
2.204 (2.1-2.3) in stems and 2.618 (2.4-2.75) in
roots for Havza District (Samsun) (Table 4). N
content (in %) in plants generally varies between
0.2 and 6.0 [23]. According to our data, the N percentages in all plant parts of    were
within normal limits. The levels of N contents were
higher in the plants collected from both locations in
comparisons with their co-located soils from both
locations. It indicates that the plant is capable of
taking required N amounts for itself from the soils.
Average P values (in mg/kg) in the soils were found
to be as 8.683 (8.13-9.585) (0.0008683%) for
Amasya and 9.328 (8.17-10.44) (0.0009328%) for
Havza District (Samsun) (Table 3). The average
values of P (in %) in soils are in ranges of 0.0006
and 0.0009 [20]. The results showed that P contents
of the soils in both locations were close to upper
limits. The average P values of    (in
mg/kg) were found to be as 64.55 (63.75-65.0)
(0.006455%) in leaves, 64.95 (62.5-68.0)
(0.006495%) in stems and 69.8 (68.5-71.0)
(0.00698%) in roots for Amasya and 68.73 (67.569.75) (0.006873%) in leaves, 69.55 (66.0-71.25)
(0.006955%) in stems and 73.85 (72.5-75.0)
(0.007385%) in roots for Havza District (Samsun)
(Table 4). Approximate P content of plants is 0.2%
[24]. The results from our research showed that
although the levels of P in soils were within normal
limits, the levels of P in all plant parts were lower
than normal. This indicates that the uptake of P by
the plant was carried out sufficiently because the
levels of P in the parts of plant (≥0.006455%) were
higher than the levels of P in soils (~0.001%) (Tables 3 and 4). This suggests that P requirement by
the plant is lower than the average. Average K
values (in mg/kg) in the soils were found to be as
219.26 (150.08-228.28) (0.0219%) for Amasya and
582.59 (254.08-913.95) (0.0582%) for Havza District (Samsun) (Table 3). Normal values (in %) of K

'  
$5D>60.8.:1052960.8.:.8D>2>;3?52>;68>.9<82>3=;9?52>?@1D.=2.>
;0.?6;:>
9.>D.02:?2=
.AE.6>?=60?&.9>@:
'2C?@=2
Loamy
Loamy
).8@2>
A2=.42
).8@2>
A2=.42

!6:!.C
).8@2>
!6:!.C
).8@2>
<
7.37-7.49
7.43
7.11-7.31
7.20
"
0.032-0.068
0.0518
0.017-0.070
0.039
$94 74
8.13-9.585
8.683
8.17-10.44
9.328
94 74
150.08-228.28
219.26
254.08-913.95
582.59
".94 74
3.125-3.875
3.56
2.008-2.32
2.128
.# 
8.223-8.432
8.323
10.55-10.69
10.62
HG& 09
304.0-384.0
331.8
243.0-296.0
261.8
HH'&&94 
254.0-292.0
276.8
392.0-437.0
411.4
*E.C. ═ Electrical Conductivity,HHHT.S.S. ═ Total Soluble Salt
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69.8
513.95-898.4
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136.04-306.42
206.68
2.4-2.75
2.618
72.5-75.0
73.85
784.85-1083.9
921.5
284.1-446.22
386.89


salt concentrations recorded in our experiments
caused increasing reduction rates in seed germination. The seed germination rates of    
were 10% in 0.1 M NaCl and 5% in 0.2 M NaCl,
respectively while there was no germination in 0.30.5 M NaCl (Figure 6).
The seed germination does not take place
when enough light exposure is not applied or vice
versa. So, light conditions are very important for
induction of the germination [29]. Our results
showed that the rate of germination was ~65% in
normal daylight whereas the rate of germination
was only 30% in continuous light for  
  (Figure 7).
The availability of micro-elements is largely
affected by soil pH [32]. At different levels of pH,
some nutrients might be transformed into unavailable state while others might run into excessive
levels causing toxicity [30]. In our study, optimum
pH was 7.0 for the seed germinationof 
  . At this point, the rate of germination was
50% whereas lower seed germination rates were
observed at pH 5, 6 and 9 during a 15-day period
(Figure 5).
The rates of water uptake of the seeds of 
    were determined by weighing them
after leaving them in a range of 0.1-0.5 M NaCl
solutions for 2, 4, 8, 24 and 48 hours. The lowest
(0.003 g) and the highest (0.008 g) water uptakes
were observed at 0.5 and 0.1 M NaCl solutions
after 48 h. treatment for the seeds of  
  respectively (Figure 4).
The levels of N, P, K and Na in  
   and the levels of N, P, K, Na, pH and CaCO3 in the co-located soil samples collected from
Amasya and Samsun were statistically evaluated
showing regression and correlation co-efficient
relationships between them. After the analyzing of
data, relative positive correlations were seen between P and P; K and K; CaCO3 and Na; CaCO3
and K; CaCO3 and P; CaCO3 and N whereas relative negative correlations were obtained between
Na and Na; N and N; pH and Na; pH and P; pH and
K; and pH and N (Figure 9).

Climate exerts forces for the formation of
plant characters and distribution of plants in the
world is related to climatic factors [25]. And, temperature is the main factor affecting the dormancy
periods of seeds. In conjunction with this, it is an
important factor for distribution ofthe plant species
on earth. In the study areas, especially in inner
parts, temperature commonly drops below freezing
point during the winter months. Therefore, cold
exposures in study regions affect the dormancy
periods of seeds of    . Seed germination is related with time playing important roles for
the continuity of a species [25]. Seed germination
does occur depending on suitable environmental
conditions for seedling. Under unsuitable conditions, the seeds can stay dormant for long time.
Chemical inhibitors, hard and oxygen impermeable
seed coat, period of darkness and light are some of
the factors affecting the dormancy period [26].
After using the seeds stored in the refrigerator
for planting, germination rates were recorded as
follows: 90% on 1st and around 80% on 2nd planting
(after 4 and 8 weeks), around 67% on 3rd and 57%
on 4th planting (after 12 and 16 weeks). An ongoing
decrease was observed between these intervals.
After 24 weeks, the rate for germination was 38%.
At the end of 28th week, the germination rate for
the stored seeds of      at +4°C was
increased to 52% (Figure 8).    is an
endemic species and vulnerable to extinction. It
should be protected and establishing a seed bank is
one of the first tasks for the conservation of endemic     in future and the data obtained
from this study should be applied for adjusting the
storage conditions.
Previous studies showed that the water uptake
rates of plant seeds are influenced by the temperature and the total water contents in which the seeds
have during germination [26,27]. The highest and
lowest water uptakes by the seeds of  
   obtained in our study were 0.009 g at 22°C
and 35°C while 0.006 g at -18°C and 5°C at the
end of a 48 h period (Figure 3).
Accumulation of salt causing reducing of water uptake by seeds affects germination due lowered
osmatic potential [27,28]. Progressive increase in
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factors in the soils is the ratio of CaCO3 which
relates indirectly with pH. The critical feature of the
soil for plants is the pH of soil water. If pH is not
within a certain range, existing elements in the soil
cannot be taken up by the plants [31].
pH values were found to be in ranges of 7.37
to 7.49 (average 7.43) for Amasya and 7.11 to7.31
(average 7.20) for Samsun. N, P, K and Na are
taken up by the plants at most if the pH is in the

The rate of water uptake by the roots of plant
depends on salinity of the soil. In case of increase
in the salinity of the soil causes decline in water
uptake of the plant. Calcareous soils have very low
solubility rates. Lime reacts with certain substances
in the soil and thus low solubility compounds are
produced. As a result, some substances cannot be
taken up by the plants sufficiently. For the development of the plants, one of the most important
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range of 6.5-7.5 [31]. Electrical conductivity (in
mS/cm) was measured as 0.332 for Amasya and
0.262 for Havza District (Samsun). The data implies compatibility of non-saline texture for the
soils. The concentrations of CaCO3 (in %) were
8.323 for Amasya and 10.62 for Samsun. The content of CaCO3 in the soils in research areas is not
greater than 50%. The data revealed that the soil

types in research areas are having loamy, neutral
and slightly alkaline features.
According to given information above, low
solubility compounds are not produced and water
uptake by the plants is not affected because of nonsaline texture of the soils in the research areas. So,
pH range and contents of CaCO3 in the research
areas are suitable for taking up necessary amounts
of N, P, K and Na by   .
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The present work focuses on    
in order to enlighten its ecological characteristics in
terms of soil-plant interactions on the background
of physical, chemical and biological parameters,
including pH, total protein and electrical conductivity, soil texture, contents of mineral nutrition and
other physical and chemical parameters. The obtained results showed that the species is capable of
growing in loamy and medium to upper limit of
medium calcareous soils and according to the
measurements of electrical conductivity, the structure of soil formations are in non-saline texture.
Also, our findings indicated that the plant is capable
of taking required amounts of N, P and K from the
soils and accumulates Na in its body. In this work,
the highest and lowest of water uptake by the seeds
of the plant were observed in the ranges of 22-35°C
and -18 and 5°C at the end of a 48 h period, respectively and excess salt concentrations caused more



reductions in the rates of seed germination. The
germination rate of the plant was ~65% in normal
daylight but only 30% in continuous light and optimum pH was found to be 7 for the seed germination.
%%"&
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family members are very rich and have been used
as herbal medicines [2].  ! ,
and! are the only   family member species found in Anatolia. Modes of actions and
chemical properties of these species are very similar and they are used as substitutes of each other.
The leaves of   have biological compounds,
including histamine, formic acid, acetylcholine,
acetic acid, butyric acid, leukotrienes, 5hydroxytryptamine, and other irritants [3]. They are
also rich in minerals, chlorophyll, amino acids,
lecithin, carotenoids, flavonoids, sterols, tannins
and vitamins. The roots of   contain chemical
constituents such as scopoletin, sterols, fatty acids,
polysaccarides and isolecithin [4].
  sp. is used for antibacterial and antifungal studies. Fatty acids obtained from  
were screened for their antibacterial and antifungal
activities and found to be effective against ATCC
strains of , !!
,  ! ,  !, 
   !,
$! !!,
!! , and  ! as well
as   and   [5]. Another study indicated that  having antibacterial properties was active against 
  ,  !,   ,  !
,  !!, and   [6]. In a similar
study, moderate antimicrobial effects of the water
extract of   against the ATCC strains and
their clinical isolates of ten bacteria and one fungus
( ) were shown [7]. A similar moderate
antimicrobial activity was observed when crude
extracts of !  were used against  $,
#, and  [8]. Also, UDA (
 agglutinin) from   possesses both
antifungal and insecticidal activities [9]. Furthermore, antiviral compounds from are heavily used in the medical sector. For example, mannose specific plant lectins serve as potent and selective inhibitors for human immunodeficiency virus
[2].
Al, considered as one of the inhibiting factors
is toxic for plant growth and development [10]. It
decreases the overall leaf number, size and shoot

In this current work, Roman nettle ( 
! L.), a traditional medicinal plant that is
very common and widespread species throughout
Asia, Europe, and Northern Africa, was used as a
model plant to investigate changes in antimicrobial
activity following the application of aluminum
stress.  ! seedlings were grown in
growth-room conditions and 0, 100, and 200 μM
AlCl3 were applied to the plants together with Hoagland solution (20 ml) for two months. The antimicrobial activities were tested against nine strains of
bacteria (  sp., $! !!,
 ,   O157:H7 and !
!) and fungus ( !sp., $
",   and  ) by
using the disc diffusion and agar well methods. The
accumulated Al was measured by using ICP-OES
in the leaves of studied plant samples. Additionally,
a control group (water + 11.31 mg l-1 Al) was prepared and applied to selected bacteria and fungi in
order to understand the reason for obtained antimicrobial activities of Roman nettle is whether because of the compounds isolated from nettle leaves
exposed to Al stress, or Al itself accumulated in
leaves. The data proved that inhibitory antimicrobial effects were altered in  ! upon the
application of Al stress, especially on fungi species.
)(!#$
 !, aluminum stress, antimicrobial activity



 %#!&%! 

The most common source of antimicrobial
compounds are plants. Popularity of their utilization
as health remedies having minimal side effects
grows globally [1]. The species of   family are very common and show widespread distribution around the borders of arable fields, gardens,
roads and forests naturally throughout Europe, Asia
and Northern Africa. Chemical compositions of the
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form was removed from the leaf extracts by means
of vacuum distillation at 35°C using a Rotary
Evaporator (BUCHI Rotary Evaporator Rotavapor
R-210/R-215 model). The remaining aqueous solutions were referred to as the crude extracts. All
extracts were stored in a refrigerator for further
antimicrobial activity study.
All test organisms were obtained from the
Gebze Institute of Technology, Department of Molecular Biology and Genetics, Gebze-Turkey and
were as follows:  sp., $!
!!, ,  O157:H7 and 
! ! (bacterial strains) and ! sp.,
$ ",   and
  (fungal strains). The cultures were
maintained freeze-dried. Bacterial strains were
grown in Nutrient Agar whereas fungal strains were
grown in Potato Dextrose Agar (PDA).
An overnight culture of each bacterial species
grown in Nutrient Agar was diluted with fresh medium to achieve a final concentration of approximately 1-2 x 108 CFU/ml. The Agar Well Diffusion
Method was performed for antibacterial activity. 15
ml of soft Nutrient Agar inoculated with 100 ml of
overnight culture of each bacterial inoculum was
spread uniformly onto pre-poured Nutrient Agar
plate. The plates were left to get harden at room
temperature for 15 min. and then 5 mm diameter
holes were made in each agar gel and 100 µl control
or 100 µM Al or 200 µM Al-treated  !
leaf extract was placed into each well. All plates
were incubated for 24 h. at 37ºC under aerobic
conditions. After incubation, bacterial growth was
observed in each plate.
Also, the antibacterial and fungicidal activities
of unexposed and exposed ! leaf extracts
against bacterial and fungal test strains was determined by disc diffusion method. 100 ml of broth
from fresh culture of each bacterial or fungal inoculum (final concentration was approximately was 1-2
x 108 CFU/ml for each species) was inoculated into
Nutrient Agar (used for bacterial test species) or
Potato-dextrose Agar (used for fungal test species).
Paper discs (Whatman no. 1, 6 mm) loaded with 15
ml solutions, prepared from controls or exposed
groups were placed onto the surface of agar plates
(Nutrient Agar was used for bacterial test strains
whereas Potato-dextrose Agar was used for fungal
strains). The plates were incubated at 37 and 24°C
for 24 h. and 5-7 days for bacterial and fungal test
species, respectively. In order to understand whether source of antibacterial and antifungal activities of
! are from the compounds isolated from
leaves of  ! exposed to Al stress or Al
itself accumulated in leaves of ! following application of Al stress, a control group (water
+ 11.31 mg l-1 Al) was prepared and applied on
microorganisms used in this study. In control
group, 11.31 mg kg-1 Al was used because leaves of
 ! exposed to 200 µM AlCl3 showed

biomass, inhibits the root elongation and causes the
chlorosis and necrosis in leaves, leading to the
reduced photosynthetic activity [11]. In addition, it
causes cellular and ultrastructural modifications in
leaves as a result of inhibition of cell division and
elongation [12-13].
Plants are the targets of continuous attempts of
attack by microbes and against invaders plants
deploy the diverse strategies [14]. One of the strategies plants exert is synthesizing substances such as
phenolics and polyphenols, flavonoids, terpenoids,
alkaloids and essential oils, lectins, tannins, polypeptides, serving as the components of plant defense mechanisms [15-16]. In general, those substances show antimicrobial and antifungal activities
against intruding agents [17]. As mentioned above,
Al may cause alterations in pathways and coordinated behaviors of cells and may lead to changes in
plants by affecting the flow of metabolites through
the pathways. ! (Roman nettle) is one of
the important traditional medicinal plants in Turkey
and the source of the antibacterial and antifungal
compounds [4]. In this study, ! was used
as study material for the investigation of the possible effects of different levels of Al exposures on
antibacterial and antifungal activities of  !
.
%#$ %!$

Surface sterilization of !seeds was
done by immersing in %50 ethyl alcohol for 1 min.
and then rinsed in de-ionized water for 5 min. For
germination, seeds were transferred into small pots
containing sterilized compost. Seeds were periodically moisturized with de-ionized water during two
weeks’ germination period. As the shoots of young
plantlets were 3-4 cm long, they were transferred
into standard pots containing 210 g of sterilized
compost. Then, plantlets were grown in normal
growth room conditions. Each of the experimental
groups of eight replicates was watered with Hoagland full strength nutrient solution [18] (40 ml in
each) containing 0 (control), 100 and 200 μM AlCl3
at two-day intervals for the 2 months. The soil pH
was adjusted to 5 for Al treatments using 0.2 %
(v/v) H2SO4. The plants were grown under fluorescent tubes giving an irradiance of 5000 lx
(day/night - 16/8 respectively), temperature of 23 ±
2°C and relative humidity 45-50 % [19].
Seedlings were harvested at the end of the
two-month experiment period. After harvesting, the
fresh leaves of ! were cleaned with deionized water and dried in the shade at room temperature. Thereafter, the dried leaves (5 g were used
for each experimental group) were ground into
powdered form using a cutting mill and then dried
powdered leaf materials were extracted with chloroform at 60°C in a Soxhlet apparatus. The chloro-
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11.31 ± 0.22 mg kg-1 Al accumulations. Therefore,
an AlCl3 solution was prepared containing 11.31
mg l-1 Al and antibacterial and antifungal effects of
this solution was tested on microorganisms used in
this study by employing the techniques of agar well
and disc diffusion. After incubation, all plates were
checked for any growth inhibition.


#$&%$ $&$$! 

Table 1 shows Al concentrations in roots and
leaves of ! grown in different treatment
levels of Al. The concentrations of Al in !
 were increased dramatically when the application levels of Al increased. There was a large difference in Al concentrations among the roots and
leaves of  !. The concentrations of Al
were increased significantly in roots at both application levels of Al and there was no Al accumulation at the application level of 100 μM Al whereas
Al accumulation was seen at the application level of
200 μM Al in leaves (Table 1). In terms of Al accumulation capabilities, the roots and leaves of 
! showed very large differences, mainly
accumulated in roots and only small amounts transported into the leaves.

% 
%2/-87-/7<:+<387;8056141 (375/+0
+7.:88<9+:<;80  1:8?737.300/:/7<
<:/+<6/7<5/>/5;805  +7. C08:
<?8687<2;
Plant
Part
Al (mg kg-1)


Leaf
Root

Control

100 μM

200 μΜ

0.00±
0.00
0.00±
0.00

0.00±
0.00
1643.3±
45.1*

11.31±
0.22*
8276.67
± 64.7*

control depending on the Al treatment levels. The
inhibitory zones of control and 100 and 200 μM Al
treated ! leaf extracts against nine bacterial and fungal species were shown in Tables 2 and
3.
While analysis of 100 and 200 μM Al treated
of ! leaf extracts showed a low level of
inhibition against bacterial species of  , 
 sp., $! !! and !
!, there was no inhibition against  
O157:H7 using the agar well and disc diffusion
methods (Table 2). Also, untreated leaf extracts
(control) showed no capacity to reduce or inhibit
the growth of the , sp., !!,
 ! and   O157:H7 (Table 2). In our
study, although extracts prepared from untreated 
! leaves (control) did not exhibit any antibacterial activity against bacterial test species, the
members of   have been reported in the
literature to have antibacterial activity against bacterial strains of , !, ,
 !,  !,  !!,  !
,  ,    ,  !, 
 ,  $, #, and 
[5-6-8]. Concerning the antibacterial activity on test
organisms in control groups may suggest that biologically active compounds were very low. Because
of reduced growth caused by AlCl3 (especially at
the level of 200 μM treatment), only 5 gr of leaves
were obtained from exposed groups and although
more than 5 gr of leaves was obtained from control
groups, in all antimicrobial activity experiments,
equal amounts of leaves were used. Perhaps this
may have prevented the emergence of antibacterial
effect in control groups (dose-dependent). On the
other hand, although the analysis of control, 100
and 200 μM Al treated leaf extracts showed a high
level of inhibition capacity against ", 
,   and !sp., 100 and
200 μM Al treated leaf extracts exhibited maximum
inhibitory activity in comparison to the controls
(Table 3). Our results from the controls were in
accordance with the literature data [5-7-9]. In general, control and Al-treated  ! leaf extracts seems to be more potent showing a higher
degree of antifungal activity in comparison to antibacterial activity (Table 3).

*

Variance analysis and Tukey test are indicated (*
< 0.05 significant).
The antibacterial and antifungal activities of
 ! leaf extracts were tested against nine
strains of bacteria (5) and fungus (4) after the applications of Al stress. The antibacterial and antifungal
activities of the leaf extracts showed varying magnitudes of inhibition patterns with standard positive

% 
7<3,+-</:3+5+-<3>3<A80  /@<:+-<;+1+37;<,+-</:3+5;9/-3/;</;</.,A.3;-.300=;387+7.+1+:
?/55+;;+A;
Bacterial Species

!!


O157:H7
 sp.
$!!!

Controls (0 µM
AlCl3 treated leaf
extracts)
Agar
Disc
Well
Diffusion
─
─
─
─

100 µM AlCl3 treated
leaf extracts

200 µM AlCl3 treated
leaf extracts

Water + 11.31 mg l-1 Al

─
─

Disc
Diffusion
─
─

Agar
Well
─
─

Disc
Diffusion
─
─

Agar
Well
─
─

Disc
Diffusion
─
─

Agar Well

─

─

─

─

─

─

─

─

─
─

─
─

─
─

─
─

─
─

─
─

─
─

─
─
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7<30=71+5+-<3>3<A80  /@<:+-<;+1+37;<0=71+5;9/-3/;</;</.,A.3;-.300=;387+;;+A
Fungal Species

 
! sp.
$
"

Controls (0 µM AlCl3
treated leaf extracts)
Disc Diffusion




100 µM AlCl3 treated
leaf extracts
Disc Diffusion




200 µM AlCl3 treated
leaf extracts
Disc Diffusion










Water +11.31 mg l-1 Al
Disc Diffusion
─
─
─
─





















&# 
7<3,+-</:3+5+-<3>3<A80  /@<:+-<;+1+37;<,+-</:3+5;9/-3/;</;</.,A.3;-.300=;387+7.+1+:
?/55+;;+A; +1+:?/55 .3;4.300=;387 +1+:?/55 .3;4.300=;387
 ! +1+:?/55 ! .3;4.300=;387+1+:?/55.3;4
.300=;387  +1+:?/55  .3;4.300=;387










&# 
7<30=71+5+-<3>3<A80  /@<:+-<;+1+37;<0=71+5;9/-3/;</;</.,A.3;-.300=;387+;;+A
            ;9

As mentioned earlier, Al-treated leaf extracts
exerted better antibacterial activity against bacterial
species used in this study and no antibacterial activity was observed in controls. Although excessive

amount of Al influences a large number of cellular
processes negatively, including inhibition of K+
[20], Ca2+ [21], and Mg2+ [22] uptakes, interaction
with both microtubules and actin filaments leading
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mentioned above. On the other hand, although
controls and Al-treated ! leaf extracts (at
100 and 200 µM) showed a high level of antifungal
activity, Al-treated leaf extracts had better capacity
for inhibition of fungal growth (Table 3).

to disruption of cytoskeletal dynamics [23], modification of the cell wall and plasma membrane structures [24], alteration of phosphate and/or nucleotide
metabolism [25], interfering with the signal transduction pathways [26] and causing oxidative stress
[27], Al frequently stimulates growth at low concentration by alleviation of proton toxicity [28].
Also, previous studies showed that at least 30 genes
are expressed in response to Al stress [29] and most
of them seem to be general stress genes which are
also expressed in response to pathogen infection
[30], toxic heavy metals [31] or oxidative stress
[32]. Moreover, the studies had been carried out for
evaluating effects of heavy metals showed that
secondary metabolite compositions were altered in
plants. For example, the rates of phyllanthin and
hypophyllanthin in $ !! Schum. and
Thonn. and bacoside-A in   were
altered by the applications of excessive levels of
cadmium and iron, respectively [33]. In our study,
it seems that although low concentration of Al (at
100 μM) application stimulates plant growth
whereas high concentration of Al (at 200 μM) application inhibits plant growth. Because of increased plant growth or altered gene expression and
secondary metabolite composition by the application of Al at low concentration, ! seems
to be gained better ability to synthesize substances
such as phenolics and polyphenols, flavonoids,
terpenoids, alkaloids and essential oils, lectins,
tannins, polypeptides, serve as the components of
plant defense mechanisms. The results showed that
both agar-well and disc diffusion methods used in
this study were equally effective for the detection of
antibacterial activity on bacterial test strains (Table
2). Contrary to that, because of the changes at both
cellular and whole plant level, growth arrest (and
even death) was observed in response to Al toxicity
at high concentration in !. Excessive Al
causing toxicity symptoms due to a range of interactions at both cellular and plant levels stimulates
the formation of free radicals and reactive oxygen
species ending with in oxidative stress [28], inhibiting mineral uptake, metabolism and cytoskeletal
dynamics [34], disrupting plasma membrane and
the membrane transport processes [24]. Our data
indicated that the antibacterial activity obtained
after the applications of high levels of Al against
five bacterial test strains was slightly different than
the antibacterial activity obtained after the applications of low levels (the only difference was that
after the application of Al stress at low concentration antibacterial activity was noticed whereas there
was no activity after the application of Al stress at
high concentration against  ). Although no
antibacterial activity was recorded after the application of Al stress at high concentration, there was
antibacterial activity after the application of Al
stress at low concentration against (Table 2).
The reason is because of negative effects of Al

! &$! $

The evaluations were done in terms of the antibacterial and antifungal activities of  !
leaf extracts against nine strains of bacteria and
fungus after the applications of different levels of
Al exposures. The reason for better antibacterial
and antifungal activities could not be accumulated
AlCl3 itself in !. Because no antibacterial and antifungal activities were recorded after the
applications of Al treatments alone (Tables 2 and
3). In our experiments, water + 11.31 mg l-1 Al was
used for understanding of inhibitory antibacterial
and antifungal effects of Al (if any) on microorganisms used in this study. Also, it was noticed that
especially antifungal activity of  ! was
increased substantially after the applications of
different levels of Al exposures. It implies that Al
had effects on plant growth and changed the expression of genes related with Al stress and secondary metabolite composition in cells and subsequently Al uptake had positive effects at low concentration and negative effects at high concentration on
the antibacterial and antifungal activities of 
!.
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Weir and gates are widely used in controlling
and measuring flow in irrigation projects due to
simple and relatively accurate relations. The weirgate combination model, with the ability to simultaneously transfer sediment material from the bottom
of the gate and suspended material from the weir,
prevents the accumulation of sediment and suspended material behind the weir system, and helps to
increase the measurement accuracy and passing of
flow. In the present study, the effect of plan shape
change (square, triangular, and trapezoidal) and gate
height on the coefficient of labyrinth weir-gate combination model was investigated in a laboratory
study. And all experiments were carried out with
five different discharges (5, 10, 15, 20 and 25 L/S),
and a total of 270 tests. All of the square, triangular
and trapezoidal models, such as (simple labyrinth
weir, simple labyrinth weir-with gate, labyrinth weir,
labyrinth weir-with gate) with 5 different discharges,
labyrinth with 2 different angles and gates with two
different types were considered and the results
showed that the coefficient in the combined model
of trapezoidal labyrinth weir-gate was more than the
combined model of labyrinth weir-triangular gate as
well as the coefficient in the combined model of
labyrinth weir-triangular gate is more than the labyrinth weir-square gate. In fact, the effect of the plan
shape change of weir from square to triangular and
trapezoidal models is respectively, in direction of
increasing the coefficient. Finally, from square,
triangular and trapezoidal labyrinth weirs, the overall results from SPSS software show that the highest
flow can be obtained using the labyrinth weirtrapezoidal gate structure.



Weir-gate combined structures (Figure 1) are
used to measure and prevent the accumulation of
sediments in the back of weir. Various investigations
have been carried out on various types of weir-gate
structures. The labyrinth weirs also have the ability
to be used in combination with gate. Labyrinth weirs
are those with broken lines and continuous walls in
the plan. Indeed, their crest axis is indirect. Because
of their indirect crests compared to direct ones, they
have a more effective crest length; therefore, they
would have a higher than a weir with direct crest for
a constant upstream water height. This advantage in
canals and rivers makes passible a lower free height
in the canal and reduce the amount of embankment
for protecting upstream land. The main application
of these weirs is in areas with low fixed widths and
where direct weirs do not meet the needs of the
available discharge. Results of Lux and Hinchliff,
showed that the weir with a broad nose shape, when
the weir length was twice the width of the cross
section, would have the highest performance [1].
Mohammadi and Yasi modified the shape of the
labyrinth weir in the plan to arc shape, and their
results showed that this labyrinth weir profile had
better hydraulic performance than trapezoidal and
triangular weirs with equal length of crest [2]. Negm
et al. showed that flow control and measurement
structures are considered as important components
in irrigation and drainage networks. Many methods
are available for measuring the flow of water entering the canals and also controlling the water level.
Among these methods, weir and gate are mainly
used due to simple and relatively accurate relations
in flow measurement and water level control [3].
Amanian studied triangular labyrinth weirs with
crests of half-circle, quarter-circle, smooth edge and
sharp edges. His results showed that the performance of labyrinth weirs decreases with increasing
upstream water head, as well as the performance of
the half-circle crest is more than quarter-circle,
smooth edges and sharp edges crests [4]. Barani and
Naseri, using a physical model, studied the effect of

)(!#$
Coefficient discharge, weir-gate, square-labyrinth weir,
triangular-labyrinth weir, trapezoidal-labyrinth weir
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height of the weir model at a constant upstream
water height [12]. Samani and Mazaheri, performed
a laboratory modelling of a combined flow on weirrectangular sharp edge gate with no lateral compression in two submerged conditions (free weir, submerged gate, submerged weir and submerged gate).
In both cases, it was observed that the tail water
depth would affect the upstream depth and consequently affect the discharge [13]. Ho Ta Khanh,
conducted laboratory studies of piano key weirs on
the ranking curves for types and sizes of piano key
weirs and concluded that an innovative combination
of piano key weir and weirs gate can large flows in a
large river. In the present study, we try to achieve
maximum by creating triangular labyrinth and openings in square, triangular and trapezoidal weirs, and
select the appropriate weir [14].


%#$ %!$

the nose shape and crest length on the efficiency of
trapezoidal labyrinth weirs. Their results indicated
that weir with a broad nose-shaped, would have the
maximum efficiency when the length of weirs is
twice the length of weir cross section width [5].
Chanson and Montes, by studying the flow behavior
in cylindrical weirs, concluded that the convexity of
the weir wall created a suction pressure on the weir
surface and blade bonding cause the flow lines to be
more curved and the flow is formed at a higher rate,
resulting in the increase of coefficient relative to
sharp edge and wide rectangular weirs [6]. Gharegozlo investigated the geometric and hydraulic parameters affecting the coefficient of the combined
weir-cylindrical gate structure in low discharges.
The results of his experiments showed that the of the
weir-gate combination model depends on the hydraulic and geometric factors, and by increasing the
upstream water height, the coefficient increases [7].
Hayawi et al studied the combined structure of triangular weir-triangle gate and the results of their
studies indicated that the coefficient decreases with
increasing D/h ratio (ratio of weir height to water
head on the weir). He also studied the simultaneous
flow of triangular weir and under the rectangular
gate in free mode. Their experimental results
showed that the coefficient decreases with increasing the head angle of the triangular weir [8]. Hanson
conducted extensive experiments in this field. In
their experiments, it was observed that when an 75%
of the weir height is filled with sediment, an increase
of 8% in the is observed [9]. Therefore, they introduced the weir-gate structure to prevent accumulation of sediments and reduce of efficiency as shown
in Fig. 1.

In this research, 54 models were constructed
and each were individually installed and flooded in a
laboratory flume and then tested with different discharges. Figure 2 are labyrinth weir with indirect
(broken) crest. Figure (3) represent a new triangular
labyrinth with two apex angle of 90 and 120 degrees
in the crest of weir, that triangular labyrinths were
implemented and tested on the crest of all weirs
(square, triangular, and trapezoidal). Therefore, the
flow lines from the crest of these weirs are in different directions, and in fact the flow in the labyrinth
weirs is three-dimensional. Consequently, the math
model of labyrinth weir is complicated enough and
when these weirs are used along with a variety of
gates, and in fact the combined current flows would
be from on weir and under the gate, the complexity
of the flow through these weirs is added. Therefore,
the use of physical models for simulation would
have more precise results. In order to construct physical models, we must identify the parameters affecting the phenomenon studied and then by dimensional analysis of dimensionless parameters, in order to
quantify the hydraulic behavior of the simultaneous
flow of the gate and on the crest of weir, the following geometric and hydraulic parameters can be studied as factors affecting the coefficient of the combined model of labyrinth weir-gate.
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Negm et al. by studying the simultaneous flow
of triangular weir and rectangular gate, proved that
the use of a typical coefficient for such weirs and
gates in a combined model can lead to a large error
[10]. Negm et al provided equations for the combined flow in free model for weir-rectangular gate
and concluded that the coefficient has a direct relation with the parameters H / a (a: gate opening and
H: upstream water depth) and h / b (H: the head of
the water on the structure and b: the width of the
weir and the gate) [11]. Rezaei examined the weir
experiments of rectangular labyrinth and found that
the coefficient increased against the increase in the
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In this study, according to previous research in
the field of combined models, a common coefficient
for the flow of the combined model of weir-gate has
been used, and the coefficient of the weir or gate has
not been separately divided. The coefficient of the
combined model of labyrinth weir-gate in this study
is obtained from equation (4) .

&#
'3/@807/@=;3+71>5+;5+,B;37=237=2/-;/<=80
@/3;<
Geometric parameters: Reynolds number (Re),
Froude number (Fr), weber number (We), weir
height (P) {L}, effective length of crest (L) {L},
channel width (W) {L}, weir wall thickness (t) {L},
weir gate height (a) {L}, The width of the gate (b)
{L}.
Hydraulic parameters: of the combined structure (Q) {L3T1}, the height of the water on the weir
in the upstream of the structure (h) {L}, the height
of the water from the bottom of the gate (H) {L}, the
velocity of the flow from the weir (V) {LT-1}.
Parameters defining the environment and the
fluid: gravity acceleration (g) {LT-2}, surface tension
(σ) {MT-2}, fluid dynamic viscosity (μ) {ML-1T-1},
fluid mass (ρ) {ML-3}. In this research, Buckingham
method was used to determine the dimensionless
parameters. Then, using the matrix method, the
Buckingham method without dimensional parameters was investigated. It was found that two methods
provide the same dimensionless parameters. Considering the parameters of velocity, density, and height
of the upstream water as a repetitive variable, the
dimensionless parameters of relation (1) are obtained:
f( Re, We, Fr, , , ,
(1)


The total height parameter of the upstream water of weir (Ht) is also obtained from equation (5).
(5)
Ht=h+
Parameters: The total height of the upstream
water of the weir (Ht), Water height above the gate
(H), Gate height (a), The width of the gate (b), Head
of water on the weir crest (h), flow velocity (v),
Gravity acceleration (g), Weir length (L).


!#%!#)&
Experiments were carried out in a rectangular
laboratory flume of Islamic Azad University, Yasuj
Branch (Iran) with length, height and width of 8, 0.4
and 0.35 meters, respectively, with floor and glass
wall with thickness of 10 mm. All experiments were
carried out with five different discharges (5, 10, 15,
15 and 20 L/S), and measured with a triangular weir
with sharp edge of 90 ° as in Figure (4), which was
placed at the end and below of the flume. To measure the depth of the flowing water in the flume a 0.1
mm precision depth gauge was used. A view of the
flume is shown in Fig. 5. Before the initiation of
experiments, the triangular weir was calibrated in
volume and the rating curve was obtained for triangular weir. Therefore, by measuring the depth of
upstream water of the triangular weir, the passing
flow from the flume was calculated, and tests of
each model with five discharges (5, 10, 15, 20, and
25) liters per second were performed by a total of
270 Experiments.


If the flow is not sheet on combined structures,
then in the above equation, the viscosity effects on
fluid behavior, can be neglected Massoudian et al.,
Therefore, the Reynolds dimensionless number is
eliminated from the above equation [15]. Moreover,
if the height of the water is low on the structure, the
surface tension will affect the flow behavior. Considering that if the minimum water height limit over
the weir of the 3 cm could be met in the combined
model, the effect of surface tension can be reduced
Chanson, Therefore, Weber's dimensionless number
in the above relation is eliminated [16]. Considering
the above issues, the relation (1) can be expressed as
relation (2):
f(Fr,

(2)

Cd=f(Fr,

(3)
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mm. The models were installed in 3 meter upstream
of the output flume. The experiments were carried
out in the range of 5 to 25 liters per second. The
height and velocity of the water were measured at 1
meter upstream of the installation site of the weir.
Figure (6) show an example of a combined model of
labyrinth weir during the passing of flow.
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In this study, 18 physical models of wooden
boards were used, that the specifications of them are
given in Tables (1,2,3). In this tables, the RLWG1 is
the symbol of the combined model of square labyrinth weir-gate and RLWG2 is the symbol of the
combined model of triangular labyrinth weir-gate
and the TLWG is the symbol of combined model of
trapezoidal labyrinth weir-gate. The first number
after the name of the model is the symbol of the weir
height and the second number is the height of the
opening of the gate. The thickness of all weirs was 3
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8./5
RLW1-18

.
0.24-0.28

RLW1G-18-1
RLW1G-18-2

0.13< <
<0.165

 "-6
18

-6
64

0.24-0.29

0.13< <
<0.17

18

64

0.25-0.29

0.14< <
<0.18

18

64

RLW1G-18-1-

0.27-0.31

0.14< <
<0.19

18

68.2

RLW1G-18-2-

0.28-0.32

0.16< <
<0.20

18

68.2

RLW1G-18-1-

0.29-0.33

0.17< <
<0.21

18

76

RLW1G-18-2-

0.31-0.35

0.18< <
<0.22

18

76

RLW1-14

0.20-0.24

0.08< <
<0.12

14

64

RLW1G-14-1

0.20-0.25

0.09< <
<0.13

14

64

RLW1G-14-2

0.21-0.25

0.10< <
<0.14

14

64

RLW1G-14-1-

0.21-0.27

0.11< <
<0.15

14

68.2

RLW1G-14-2-

0.22-0.28

0.12< <
<0.16

14

68.2

RLW1G-14-1-

0.24-0.285

0.135< <
<0.17

14

76

RLW1G-14-2-

0.24-0.31

0.14< <
<0.19

14

76
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RLW2-18

. 

RLW2G-18-1
RLW2G-18-2

"-6

 -6

0.32-0.36

0.20<

="
<
<0.24

18

60

0.32-0.37

0.21<

<
<0.25

18

60

<
<0.261

18

60

0.22<

0.33-0.37

RLW2G-18-10.33-0.39

0.23<

<0.27
<

18

62.8

0.34-0.4

0.24<

<0.28
<

18

62.8

0.365-0.41

0.25<

<0.29
<

18

68

0.36-0.43

0.26<

<0.32
<

18

68

0.21-0.26

0.11<

<
<0.15

14

60

0.22-0.27

0.11<

<0.15
<

14

60

0.23-0.27

0.12<

<0.16
<

14

60

0.23-0.29

0.13<

<
<0.17

14

62.8

0.24-0.30

0.14<

<0.18

14

62.8

0.26-0.31

0.15<

<0.19
<

14

68

0.26-0.33

0.16<

<
<0.21

14

68

RLW2G-18-2RLW2G-18-1RLW2G-18-2-

RLW2-14
RLW2G-14-1
RLW2G-14-2
RLW2G-14-1RLW2G-14-2RLW2G-14-1RLW2G-14-2-
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TLW-18

. 

="
0.36-0.41

TLWG-18-1

0.33-0.41

TLWG-18-2

0.364-0.412

TLWG-18-1-

0.39-0.43

TLWG-18-2-

0.40-0.44

TLWG-18-1-

0.41-0.45

TLWG-18-2-

0.42-0.47

TLW-14

0.36-0.41

TLWG-14-1

0.33-0.41

TLWG-14-2

0.364-0.412

TLWG-14-1-

0.39-0.43

TLWG-14-2-

0.40-0.44

TLWG-14-1-

0.41-0.45

TLWG-14-2-

0.42-0.47

"-6

0.24<

<
<0.30

0.25<

<
<0.29

0.26<

<
<0.30

0.27<

<
<0.31

0.28<

<
<0.31

0.29<

<
<0.318

0.30<

<
<0.34

0.24<

<0.27
<

0.25<

<
<0.29

0.26<

<
<0.30

0.27<

<
<0.31

0.28<

<
<0.31

0.29<

<
<0.32

0.30<

<
<0.34
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%2/ 00/-= 80 /A3<=371 1+=/ +7. 3=< .36/7
<387 87 =2/ -8/003-3/7= 80 -86,37/. 68./5 80
<:>+;/5+,B;37=2@/3;1+=/Figures 7 and 8 show
the coefficient variations of the RLWG-14 and
RLWG-18 models versus the dimensionless parameter of the total height of upstream water to the
height of the weir ratio (Ht/P). The results of the
figures show that the coefficient in RLWG-14 and
RLWG-18 models is larger than the RLW-14 and
RLW-18 models. In fact, it shows the effect of gate
in a square labyrinth weir in direction of increasing
the coefficient. According to the figure, as much as
the height of opening of each gate in the combined
model of square labyrinth weir reduces the coefficient also decreases. On the other hand, it shows
that the increase in the height of weir would lead to
the increase in coefficient, each mean that the coefficient in the combined models of RLWG-18 is
higher than the RLWG-14. Also, Figures 9 and 10
indicate that there is some proper correlation between the Cd coefficient and (Ht/P).


figures show that the coefficient in the TLWG1-14
and TLWG1-18 models is larger than the TLW1-14
and TLW1-18 models. In fact, it shows the effect of
gate in a square labyrinth weir in direction of increasing the coefficient. According to the figure, as
much as the height of opening of each gate in the
combined model of triangular labyrinth weir reduces, the coefficient also decreases. On the other
hand, it shows that the increase in the coefficient in
the range of low flow (Ht/P) would be considerably
higher than the range of high flow. The results also
show that the increase of height of weir would lead
to the increase in coefficient, which mean that the
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00/-=80/A3<=3711+=/+7.3=<.36/7<38787
=2/ -8/003-3/7= 80 =2/ -86,37/. 68./5< 80 =;3+7
1>5+;5+,B;37=2@/3;1+=/Figures 11 and 12 show
the coefficient variations of the TLWG1-14 and
TLWG1-18 models versus the dimensionless parameter of the total height of upstream water to the
height of the weir ratio (Ht/P). The results of the
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and TLWG2-18 models versus the dimensionless
parameter of the total height of upstream water to
the height of the weir ratio (Ht/P). The results of the
figures show that the coefficient in the TLWG2-14
and TLWG2-18 models is larger than the TLW1-14
and TLW1-18 models. In fact, it shows the effect of
gate in a square labyrinth weir in direction of increasing the coefficient. According to the figure, as
much as the height of opening of each gate in the
combined model of square labyrinth weir reduces,
the coefficient also decreases. On the other hand, it
shows that the increase in the coefficient in the
range of low flow (Ht/P) would be considerably
higher than the range of high flow. The results also
show that the increase of height of weir would lead
to the increase in coefficient, which mean that the
coefficient in the combined models of TLWG2-18
is higher than the TLWG2-14. Also, Figures 17 and
18 indicate that there is some proper correlation
between the Cd coefficient and (Ht/P).

coefficient in the combined models of TLEG1-18 is
higher than the TLWG1-14. Also, Figures 13 and
14 indicate that there is some proper correlation
between the Cd coefficient and (Ht/P).
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The results show that, with decreasing Ht/P,
the range of variations in flow and coefficient increases in two cases with gates and without gates.
In fact, it shows that the presence of gate in the
labyrinth weir in the range of low flows (lower
Ht/P) will have a greater effect on the increase of
the coefficient and, consequently, on the increase of
discharge. It is due to water jet interference of the
adjacent cycles because of an increase in the ratio
of Ht/P, which causes local submersion and more
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C83.+5 5+,B;37=2 @/3;1+=/ Figures 15 and 16
show the coefficient variations of the TLWG2-14
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flow interference. Also, the under the gate also
causes a new interference between the flow of water in the downstream of the structure, which this
interference in the higher Ht/P will be more and
reduces the coefficient of the flows with higher the
water heights. Figures 7 and 8 show that the coefficient in the combined model of square labyrinth
weir-gate is more than the square labyrinth weir
without gate. But by comparing these two figures, it
can be found that in a range of Ht/P that the coefficient of two models of with and without gate is
almost the same, in the RLWG-18 models is considerably more than the RLWG-18 models. In fact,
based on the results, a range of Ht/P in order to
achieve the highest hydraulic performance of the
weir-gate combination model can be recommended
for the RLWG-18 models in the ranges from 0.24 to
0.35 and for models RLWG-14 from 0.2 to 0.31.
The reason of this difference can be due to the decrease of the weir height in RLWG-18 compared to
the RLWG-14 models. Because the velocity of
dropping water and falling jets decreases with the
height of weir, with the flow below the gates would
be reduced. In this case, the submersion in downstream of the weir would decrease considerably and
the flow through the gates and over the weir in the
RLWG-14 models will be easier than the RLWG18 model. Therefore, by decreasing the weir height,
in higher flow ranges (higher Ht/P) the of models
with and without gates would be equal. Figures 11
and 12 also show that the coefficient in the combined model of square labyrinth weir-gate is more
than square labyrinth weir without gate. But by
comparing these two figures, it can be found that in
a range of flow (Ht/P) that the coefficient of the two
models with and without gates would be close to
each other, in models of TLWG1-18 is far more
than the TLWG1-14 models. In fact, based on the
results, a range of flow (Ht/P) in order to achieve
the highest hydraulic performance of the weir-gate
combination model, can be recommend for the
TLWG1-18 models in range from 0.22 to 0.43 and
for the TLWG1-14 from 0.1 to 0.33. The reason of
this difference can be due to the decrease of the
weir height in TLWG1-18 compared to the
TLWG1-14 models. Because the velocity of dropping water and falling jets decreases with the height
of weir, with the flow below the gates would be
reduced. In this case, the submersion in downstream of the weir would decrease considerably and
the flow through the gates and over the weir in the
TLWG1-14 models will be easier than the TLWG118 model. Therefore, by decreasing the weir height,
in higher flow ranges (higher Ht/P) the of models
with and without gates would be equal. Figures 15
and 16 show that the coefficient in the combined
model of square labyrinth weir-gate is more than
square labyrinth weir without gate. But by comparing these two figures, it can be found that in a range
of flow (Ht/P) that the coefficient of the two models

with and without gates would be close to each other, in models of TLWG2-18 is far more than the
TLWG2-14 models. In fact, based on the results, a
range of flow (Ht/P) in order to achieve the highest
hydraulic performance of the weir-gate combination model, can be recommend for the TLWG2-18
models in range from 0.37 to 0.48 and for the
TLWG2-14 from 0.35 to 0.47. The reason of this
difference can be due to the decrease of the weir
height in TLWG2-18 compared to the TLWG2-14
models. Because the velocity of dropping water and
falling jets decreases with the height of weir, with
the flow below the gates would be reduced. In this
case, the submersion in downstream of the weir
would decrease considerably and the flow through
the gates and over the weir in the TLWG2-14 models will be easier than the TLWG2-18 model.
Therefore, by decreasing the weir height, in higher
flow ranges (higher Ht/P) the of models with and
without gates would be equal.
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and 18 show that the coefficient in the combined
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models of trapezoidal labyrinth weir-gate is more
than the triangular labyrinth weir combination
model as well as the coefficient in the combined
model of triangular labyrinth weir is more than
square labyrinth weir. In fact, the effect of the plan
shape changes of weir from square to triangular and
trapezoidal will be in direction of increase the coefficient. The reason for this increase can be stated
according to the following:
1. As shown in Fig. 2, in the trapezoidal and
rectangular labyrinth weir, the length of the nose of
the weir (perpendicular to the flow) is 8 and 16 cm,
respectively. Since the perpendicular length to the
flow, which is the weir nose length, in the rectangular weir is higher than the trapezoidal weir, so it
produces more resistance to the flow, and the rectangular weir coefficient would be much less than
the trapezoidal weir.
2. Interference of falling water jets above the
weir and flow under the gates are one of the sources
of flow interference in the combined models. Because the length of the nose (perpendicular to the
flow) in trapezoidal shape is lower than the square
shape, so in the trapezoidal labyrinth weir, the water flow with a smaller amount of volume from the
of the nose, resulting in less interference with the
flow water passing through the gates compared to
rectangular weirs. Jet interference in trapezoidal
weirs leads to lower submergence in the downstream and allows passing of flow with greater ease
than the rectangular shape.
3. With regard to the geometric characteristics
of weirs in Table (1), the highest coefficient is in
square labyrinth weirs (RLW2G-18-2-θ = 90)
which means that square labyrinth weir-gate with a
height of 18 cm and a depth of 2 cm and labyrinth
angle of 90 °. However, the Cd value is between
0.31 and 0.35 with a ratio of 0.18< <
<0.22. Also,

In present study, the effects of changing dimensions of the gate as well as the plan of labyrinth
weir from square to triangle and trapezoid on discharge coefficient of the models of labyrinth weir
with gate were investigated using experimental
study. The results show that by increasing the
length of weir wings, discharge coefficient of simple labyrinth weir decreases and discharge coefficient of the weirs with shorter wings increases.
Also, creating 90 and 120-degree triangular labyrinth in the length of wings increases discharge and
in weirs with shorter length, discharge coefficient
will be increase and since 90-degree labyrinth in the
length of weir wing makes the length of labyrinth
longer, it is superior to 120-degree labyrinth. Moreover, the results show that with increase in discharge, discharge coefficient of weirs with labyrinths on wing increases as far as reach the Max
point and then it begins to reduce as far as it become constant. Discharge and discharge coefficient
of a hybrid gate-labyrinth weir are greater than
those of labyrinth weir without gate. In fact, the
results show the effect of gate on the increasing
discharge in a labyrinth weir. Discharge coefficient
of a hybrid model of gate-trapezoidal labyrinth weir
is greater compared to the hybrid models of gatetriangular labyrinth weir and gate- square labyrinth
weir. The results show the effect of changing the
plan of gate-labyrinth weir from trapezoid to triangle and square on the increase in discharge coefficient. In terms of implementation, a gate-square
labyrinth weir model is most feasible. Therefore, in
the regions where square labyrinth weir is suggested, it is recommended to use a hybrid model of
gate-square labyrinth weir to increase its efficiency.


 !( %$

according to table (2), the maximum coefficient is
in triangular labyrinth weir (RLW2G-18-2-θ = 90)
which means a triangular labyrinth weir with a
height of 18 cm and a 2 cm gate depth, and a 90 °
labyrinth angle. However, the Cd value is between
0.43 and 0.36 with a ratio of 0.26< <
<0.32. Also,

The authors would like to express their sincere
gratitude to the Hydraulics Laboratory of Islamic
Azad University of Yasouj Branch for their cooperation.

according to table (3), the maximum coefficient is
in triangular labyrinth weir (TLW2G-18-2-θ = 90),
which means a trapezoidal labyrinth weir-gate with
a height of 18 cm and a gate depth of 2 cm and a
labyrinth angle of 90 °. However, the Cd value is
between 0.48 to 0.44 with a ratio of 0.29< <
<0.32.
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Therefore, according to Tables (1) and (2) and
(3), the maximum coefficient would be for trapezoidal labyrinth spillway with labyrinth angle of 90
degrees and a gate depth of 2 cm.
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Multiple problems exist in existing water purifiers in the market such as limited functions, low purification efficiency and serious wasting of water.
This paper proposes a new set of water purification
process, through integrated application of electrostatic adsorption, strong magnetization, UV-Photocatalyst sterilization, multiple filtration to achieve
taxonomic treatment, classification use, self-cleaning, automatic sewage and intelligent control. This
process had the benefits of high efficiency, economy,
safety, water savings, energy conservation, environmental protection.

In terms of adsorption, Liang et al. [8] used
electrostatic adsorption method to purify waste lubricating oil to ensure that the pollution level of gear
oil decrease from NAS10 to NAS7, reaching the
standard of recycling. Yang et al. [9] pointed out that
hydrated manganese oxide could remove cadmium
due to electrostatic adsorption, and the removal rate
of cadmium could achieve 99.13%. In membrane
separation technique, reverse osmosis [10], nanofiltration [11], ultrafiltration are adopted. Fan et al. [12]
summarized the application of ultrafiltration to waterworks in China, and pointed out that for PES
membrane, the removal rate of COD was 80%. Yan
et al. [13] discussed the influencing factors of ultrafiltration membrane fouling and the necessity of pretreatment before filtration. In the field of magnetization, Ding et al. [14] analyzed the magnetization
mechanism and physical properties of magnetized
water, and concluded that hydrogen bond fracture
was induced by magnetization, and the viscosity and
surface tension of magnetized water were approximately periodic increasing and decreasing with magnetization time.
Nevertheless, the above techniques have several drawbacks. Some techniques consume high
level of energy, such as reduction, ultraviolet disinfection; some techniques can cause serious water
waste, such as reverse osmosis, ultrafiltration; some
techniques including biological sludge produced by
biochemistry, various replacement filters for filtration and adsorption could lead to secondary pollution
and solid waste; some techniques such as adsorption,
mixing ion exchange require renewal, reduction and
replacement; and some techniques can only reach
single function, like ultraviolet for sterilization and
photocatalytic decomposition for organic pollutants.
Therefore, a new water purification process is urgently required. This paper proposes a new purification process synthetically incorporating techniques
including electrostatic adsorption, strong magnetization, UV-Photocatalytic sterilization with energy
conservation and environmental protection characteristics, and multiple filtration and water quality improvement, to achieve synergism and complementary, and improve water purification effect.

#" 
Electrostatic adsorption, Magnetization, Photocatalyst,
Water purification

 
In view of increasingly serious water pollution,
a set of studies devoted to water treatment at different levels mainly focus on chemistry, physical chemistry, biochemistry [1], adsorption, membrane separation, magnetization and other techniques, which
have extensive empirical support and industrialization application. Among them, chemical methods are
mainly based on neutralization, chemical precipitation, redox [2] and electrolysis [3]. Physical chemistry approaches basically adopt coagulation [4], deionization [5], ion exchange, as well as chloride,
ozone, ultraviolet, photocatalytic sterilization. Li et
al. [6] studied photocatalytic reaction mechanism
and its application of papermaking wastewater treatment, and the results demonstrated that the chroma
and toxic substance of papermaking wastewater
could be removed almost completely, and the removal rate of CODCr could reach 90%. Xiao and
Wu [7] achieved coking wastewater treatments by
TiO2 photocatalysis and then assessed the organic
compounds species, which decreased from 66 to 23,
and the results indicated that TiO2 photocatalysis had
the better removal effect on other organic compounds except polycyclic aromatic hydrocarbons.
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Based on related magnetic field theories, strong
magnetic field will change the water cluster’s structure, kill bacteria, and produce small molecule water,
to increase the following purification efficiency of
hollow ultrafiltration membrane. Strong sterilization
of active hydroxyl [·OH] of UV-Photocatalytic reaction can result in organic compounds decomposition
in varying degrees without any pollution. Based on
ionosphere’s principle, that is ‘like charges repeal
while opposite charges attract.’, electrostatic adsorption/desorption can effectively remove heavy metal,
residual chlorine and other harmful substances in tap
water. Therefore, due to magnetization, UV-Photocatalytic sterilization, electrostatic adsorption and
ultrafiltration with high performance, energy conservation and environmental protection characteristics,
it is indispensable to apply these techniques synthetically for water purification through technology integration, as showed in Figure 1.

PP polymer substrate, 15%~50% short cut conductive carbon fiber, 10%~35% conductive carbon
black, and 1%~5% modifier. The resistance of the
electrode measured is about 110 Ω·cm. As showed
in Figure 3, that is the electrode SEM diagram, due
to the aggregation of carbon fiber and carbon black,
not only the surface of the electrode is uneven, but
also massive 150-2000nm gaps are distributed. This
makes the electrode have a large specific surface
area and micropore volume, which is beneficial to
the accumulation of ions with opposite charges on
surface of the electrode.

'5'1+7+563,7.+485/,/)'7/32453)+66The
electrode structure for electrostatic adsorption has
been patented (ZL 201410376716.1), as showed in
Figure 2. The electrode components include 30%~70%
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States) and low viscosity fluid particle analyzer
(Puluody PLD-0201D, British) were used to detect
and analyze ions content.
;4+5/1+27'0 5+68076 Lab results of Yangzhou University test center (Purification data are
showed in Table 1~3) showed the removal rate of
heavy metal ions in tap water, which could achieve
90% in average. Compared with tap water, the contents of bacteria, viruses, heavy metals and other pollutants in the drinking water are significantly decreased, which fully meets the requirements of hygienic standard for drinking water in China.

  
*/'-5'13,7.++0+)753*+
Electrode spacing and voltage are vital factors
that affect the effect of electrostatic adsorption. Because of a certain mold, the distance of electrode grid
is 18 mm, and the thickness of grid is 2 mm. The
distance between electrodes can merely be adjusted
by offsetting electrodes inserted into each other, so
that 6 groups composite electrode with different
spacing 7+7 mm, 6+8 mm, 5+9 mm, 4+10 mm, 3+11
mm, 2+12 mm were obtained. By comparison and
analysis, the composite electrode with 7+7 mm spacing had the best performance.
Composite semiconductor, ion doping, ion implantation and plasma treatment, surface sensitization, noble metal deposition and surface modification of powders are adopted in photocatalyst modification. As seen in patent ZL201510767213.1, the
components of photocatalyst include WO3-TiO2, 5
nm anatase Ag-TiO2, 10nm rutile TiO2, 5 nm high
purity anatase TiO2, 5 nm nano-zinc oxide and nanosilica. After dispersing the modified composite photocatalyst is attached to the surface of capillary glass
tube.
In experiment, the ultraviolet source was a cold
cathode ultraviolet lamp, whose peak wavelength is
253.7 nm. The magnet was N50 NdFeB magnet with
4500 Gs magnetic field intensity. The filtering precision of PP cotton filter was 3-5 um, and that of ceramic filter and hollow ultrafiltration membrane
were 1 um and 0.1 um respectively. The active carbon was coconut shell activated carbon.

  
53737<4+3,7.+:'7+5485/,/+5
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Water purification process
Magnetization
UV-Photocatalyst sterilization
Electrostatic adsorption
Ultrafiltration
Comprehensive treatments
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Based on the process described above, Yangzhou
Zhiguang Environmental Protection Technology
Development Co., Ltd. has launched an experimental prototype, as depicted in Figure 4, which has
been patented (ZL 201410376716.1). After the prototype was connected to the tap water pipe after repeated cleaning, five samples were drawn from the
outlet of the clean water. Ion Chromatography (Diane ICS-1600 Ion Chromatography, the United

 $ removal rate
7.3%
0.8%
73.4%
5.2%
85.2%



 

5/1'5<485/,/)'7/3275+'71+276Firstly, tap
water was supplied to the primary processing unit for
purification to produce primary purified water and
the washing water by magnetization, UV-Photocatalytic sterilization and sluggish flow precipitation.
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Particles diameter ( )
<0.1
1~4
5~10
>10

Tap water
25639
6508
3280
5893

The washing water
27873
7809
5319
8067

The clean water
324
186
27
6

The drinking water
87
11
2
0



'57/'0/32)327+27(+,35+'2*',7+5:'7+5485/,/)'7/32% $ &
Water species
$
 $
Tap water
277.02
9.12
The drinking water
42.16
1.35
Removal rate
84.78%
85.20%
DS: "-" indicates that it is not detected.

!$
245.38
21.70
95.24%

$
0.95
0.11
91.16%

#
422.72
31.96
92.44%

 "#
0.050
>99%

#
0.010
>99%

 #
0.012
>99%

 #
0.001
>99%



'-2+7/='7/32In a magnetic field of 0.315 to
0.420T magnetic induction, flowing with a velocity
of 2.0 to 2.5 m/s in the perpendicular direction to
magnetic lines, tap water will be magnetized.
Owing to the sterilization effect of magnetization, massive bacteria lose metabolic capability and
sit to be killed. That original associated chain-like
macromolecular water breaks into small single molecules makes it easier to pass through the ultrafiltration membrane to avoid ultrafiltration membrane
fouling. Hence, water yield, utilization efficiency
and the following purification ability can be enhanced. Also, the polarization of magnetic field
raises the polarity of the micro-particles and decreases the cohesion, destroying the electrostatic attraction between the ions and changing crystallization conditions. So, the original long associated
chain-like molecule truncates into shorter molecular
chains to form small dispersed stable crystals. Moreover, as the flow cutting magnetic lines to generate
inductive current, water molecules with weak polarity and other impurities charged ions will move in
the opposite direction by Lorentz force. Thus, the anions, cations and particles will collide with each
other to form a certain number of ion association.
With these associations as the core, the crystal particles have facilitated the purification effect of sluggish flow precipitation. And the increase in charged
ions advances the efficiency of electrostatic adsorption.
In addition, strong magnetic field also triggers
hysteresis effect of magnetic couple of salts and ions
to change the solubility of some salts in the water,
making the affinity between the molecules disappear.
In some definite groups of reaction, magnetic field
has an influence on pairs of magnetic moment reorientation, which impacts the following physical and
chemical reactions. After the orientation polarization
of dipole molecules in magnetic field, the transformation of the electron cloud gives rise to hydrogen
bond bending and local fracture so that the quantity
of individual water molecules will grow, thereby inhibiting the formation of crystals and increase the

following ultrafiltration efficiency. Therefore, as the
basic process of water purification, magnetization
has a significant gain effect on the subsequent water
purification process.
!.373)'7'0<6767+5/0/='7/32The strongest
ultraviolet absorption peaks of deoxyribonucleic
acid (DNA), ribonuclease acid (RNA) and nucleoprotein in bacteria are between 253 and 257 nm. By
absorbing ultraviolet, DNA strand is broken, nucleic
acid and protein crosslinking is ruptured and nucleic
acids is inactivated, leading to bacterial death. Nevertheless, as ultraviolet merely destroys the genetic
material, some bacteria could repair ultraviolet damage and restore activity, and photoreactivation repair
could be appeared. Sterilization efficiency of ultraviolet for common bacterial viruses is showed in Table 4 and wavelength is 253.7 nm and the radiation
intensity is 30mW/ cm2.
The band gap of anatase TiO2 is 3. 2 eV. When
irradiated by ultraviolet with energy greater than the
band gap of anatase TiO2 and wavelength less than
or equal to 387.5 nm, the electronic of the valence
band will gain energy and move to conduction band
to form photoinduced electrons and photogenerated
hole in the valence band accordingly. Sterilization of
photogenerated holes is so strong that it will oxidize
most organic compounds adsorbed on the surface of
TiO2. DNA, the cell membrane and the intracellular
polymers are all oxidized and decomposed, and then
microorganisms are killed completely. What is more,
that active hydroxyl [· OH] of UV-Photocatalytic reaction has 402.8 mJ/mol energy, that is higher than
the bond energy of organic compounds such as C-C,
N-H, C-N, C-H, H-O and C-O bond will cause photocatalytic decomposition reaction of most organic
compounds in varying degrees, including bacteria
and viruses, decomposing these into CO2, H2O and
innocuous substances without any pollution.
In summary, ultraviolet is the premise of photocatalytic reaction. The synergistic effect of photocatalyst and ultraviolet is that ultraviolet and free
radical participate in sterilization meanwhile to form 
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7+5/0/='7/32+,,/)/+2)<3,8075'9/30+7,35)31132(')7+5/'09/586+6%
Bacterial
Species

Bacterium

Algae

Sterilization Object
Bacillus anthraces
Nicolaieri's bacillus
Shigella flexneri
Escherichia coli
Staphylococcus
Mycobacterium tuberculosis
Blue-green algae
Nematode Eggs
Green algae
Protozoa

Second
(S)
0.3
0.3
1.5
0.4
1.3
0.4
10-40
3.4
1.2
4.0-6.7

Bacterial
Species
Virus

Fish disease

Mold spores

 &

Sterilization Object
Influenza virus
Poliovirus
Hepatitis B virus
Aeromonas
Leukoplakia
Infectious pancreatic necrosis
Viral hemorrhagic disease
Aspergillus niger
Mucor
Penicillium

Second
(S)
0.3
0.8
0.8
0.2
2.7
4
1.6
0.3-6.7
4.6
0.9-3.0


Therefore, macromolecular water is difficult to pass
through the ultrafiltration membrane to lead to paltry
water yield and produce a large amount of
wastewater. In this process of water purification,
firstly, small molecular water is produced by magnetization, and then multiple filtration is used as the
pretreatment of ultrafiltration, which raises water
yield and water utilization and reduces the ultrafiltration membrane fouling and prolongs its service
life.
Experimental data showed that the contents of
bacteria, viruses, heavy metals and other pollutants
in the drinking water were significantly decreased,
which fully meets the requirements of hygienic
standard for drinking water in China (GB 57492006).

multiple sterilization mechanism with the above
magnetization, which has advantages of quickness,
convenience, efficiency, no secondary pollution, etc.
0+)75367'7/) '*63547/32 Moving to cathode
and anode by static electricity, the anions and cations
in water are adsorbed on the electric double layer,
which is established between the electrode surface
and water liquid interface. With ions and charged
particles enriched on the electrode surface, the ion
content of tap water falls. Hence, heavy metals, residual chlorine and other harmful charged particles
are removed from tap water. With power outages, especially when the cathode and anode swap with each
other, the original adsorbed charged ions on the electrode surface and its double electric layer will discharge and fell off with the washout flow.

2'0<6/6 3, 7+).2303-/)'0 ).'5')7+5/67/)6
Most water purifiers follow ‘one in one out’ design
principles currently. This structure not only brings
about high concentration pollutants in certain part of
water purifier and the impossibility of self-cleaning
and automatic sewage, causing secondary pollution,
but also has the drawback of low water pressure and
paltry water yield. Only a few water purifiers are
equipped with a water inlet, a purified water outlet
and a waste water outlet. As the water molecular
structure did not get improved, the water yield
through the ultrafiltration membrane is low with
massive waste water, resulting in water wasting.
To handle the above problems and meet the requirements for water quality, water quantity and water pressure for household water, a water purification
process, which bases on taxonomic treatment, is proposed in this paper. In this process, tap water is
sorted into three types: by magnetization, UV-Photocatalytic sterilization and other techniques, the
washing water with high pressure and large flow, has
the desorption substances and takes away the precipitate in sluggish flow precipitation and filtered contaminants such as sediments, particulates, heavy
metal, residual chlorine and other pollutants, whose
concentration are slightly higher than tap water.
Therefore, the washing water is used primarily for
home laundry, watering flower, flushing toilet,
washing mop and bathing. By magnetization, UV-

08--/6.,03: 45+)/4/7'7/32 Flowing slowly,
by gravity contaminants will precipitate in the sluggish flow chamber. The precipitate and desorption
substances will be discharged along with the washing water, so that the electrode can be automatically
regenerated and the system is self-cleaning. Therefore, after the primary purification treatment, the
content of heavy metal ions in washing water increases slightly.

+)32*'5<485/,/)'7/3275+'71+276Secondly,
primary purified water was delivered to the secondary processing unit to produce the cleaning water,
and the secondary purification is composed of multiple filtration and water quality improvement process including ceramic filter, PP cotton filter core for
multiple filtration, activated carbon for adsorption,
Maifan stone for water quality improvement.
After secondary purification treatment, the
contaminant content in the cleaning water will decline significantly. The experimental results were
showed above.

./5*485/,/)'7/3275+'71+27After third purification treatment, that is ultrafiltration, the cleaning water turns into the drinking water. Generally,
the micro-aperture of hollow ultrafiltration membrane, about 0.01~0.1 microns, is quite small.
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Photocatalytic sterilization, electrostatic adsorption,
sluggish flow precipitation, multiple filtration, activated carbon adsorption and water quality improvement, the clean water’s water yield is moderate, suitable for bathing, face washing, cooking and other
kitchen water usage. The drinking water is based on
the clean water by ultrafiltration membrane filtration,
which can be directly used for drinking. Yet, its water yield is smaller.
Based on the integrated application of the
above techniques in taxonomic treatment, the water
with higher pollutant is used as washing water,
which not only meets the requirements of no waste
water discharge to save valuable water resources, but
also achieves self-cleaning and automatic sewage.
 
The water purification process in this paper
adopts taxonomic treatment, integrates electrostatic
adsorption, magnetization, UV-Photocatalytic sterilization, multiple filtration and other technologies,
and has remarkable technical advantages with extraordinary efficiency, water saving, environmental
protection, economy and safety characteristics.
Moreover, small molecular and weak alkaline water
is beneficial to human health. And the washing water
is weak acidic, improving the washing, decontamination, sterilization effect.
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This process is driven by a difference in solute
concentrations across the membrane which allows
passage of water, but rejects most solute molecules
or ions. Due to its inherent advantages, such as low
energy expenditure [1], low membrane fouling [2],
high water recovery [3], simple configuration and
equipment and etc, forward osmosis process was
extensively studied by scientists for a variety of
applications in science and engineering [4, 5]. Now,
its applications have showed potential values in
seawater desalination [1, 4], wastewater treatment
[2, 6], food and pharmaceuticals processing [7],
controlling drug release [8], and electrical power
generation [9, 10], etc.
However, there are some problems which limit
the use of FO, such as flux decline caused by internal concentration polarization, lack of proper draw
solute and effective recovery. Recent works have
focused on reducing internal concentration polarization and seeking optimal draw solute. The internal concentration polarization which occurs within
the support layer is the major limiting factor causing the decline of water flux [11, 12]. The influence
of internal concentration polarization on FO water
flux has been investigated by different modeling
techniques and the solution-diffusion theory [5]. A
variety of draw solutes/solutions, including magnetic and/or hydrophilic nanoparticles and organic
compounds [13], have been investigated in FO
process.
In the early study, reverse osmosis (RO)
membranes were tested for FO process. But they
showed low water flux due to the internal concentration polarization caused by the porous support
layer. Hence, a perfect FO membrane should consist of a single active layer without any support
layer [14, 15]. However, the lack of mechanical
strength may limits its applicability. Chung’s group
developed flat-sheet CA-based membranes comprised double- skinned layers that were able to
eliminate internal concentration polarization [16,
17]. However, the membranes showed low water
flux due to the additional resistance to water
transport. Thi Phuong Nga Nguyen et al. prepared

Nano-silica dioxide (nano-SiO2) modified
cellulose acetate (CA) membranes for forward osmosis (FO) were prepared by phase inversion via
immersion precipitation technique. Nano-SiO2 particles were added into the casting solution of CA, 1,
4-dioxane, acetone, lactic acid and methanol to improve the FO membranes performance. Different
percentage of nano-SiO2 (2, 4 and 6 wt. %) of CA
composite membranes were cast. The modified
membranes were characterized by various methods
to probe the membranes structure and surface properties. The FO performances were also evaluated
for the modified membranes compared to the non
nano-SiO2 membranes. The surface hydrophilicity,
porosity and tensile strength of nano-SiO2 CA
membranes were improved with the increase of the
percentage of nano-SiO2 added to the CA. The
morphological studies showed that the addition of
nano-SiO2 significantly changed the surface properties of the modified CA membranes compared to
CA membranes without nano-SiO2. The FO performance was evaluated using 1M NaCl solution
asdraw solution and purified water as feed solution.
The nano-SiO2 CA membranes showed better water
permeability and salt rejection in the range of 2~6
wt. % nano-SiO2 content than original CA membranes. These encouraging results suggested that
nano-SiO2 CA membranes displayed potential to be
further developed for FO applications.
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Forward Osmosis (FO) is the transportation of
water across a selectively permeable membrane
from a region with higher water chemical potential
to a region with lower water chemical potential.
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CTA/CA FO membranes to improve water flux [18],
but relatively high reverse solute flux (RSF) limited
the application of the membranes. It is necessary to
prepared FO membranes with high water flux and
salt rejection for practical application.
Introducing inorganic particles into membrane
materials has shown potential to improve the permeability and selectivity of membranes [19].
Nano-silica dioxide (nano-SiO2) is one of the most
important new high-tech ultra-fine inorganic materials and has lots of particular characteristics: the
particle size of 20±5 nm, the high specific surface
area of 640-700m2/g and superior thermal and
chemical stability. Besides, the rich hydroxyl
groups on the surface of nano-SiO2 can form hydrogen bonds with the hydroxyl groups of polymer
chains. In a word, nano-SiO2 plays an irreplaceable
role in many subjects due to its particular characteristics [20].
In this research, nano-SiO2 are added into the
CA casting solution of 1,4-dioxane and acetone
with additives of lactic acid and methanol to prepare the new nano-SiO2 modified cellulose acetate
(CA) membranes for FO application. Membranes
are prepared by phase inversion. Subsequently, the
new nano-SiO2 modified CA membranes are characterized in different ways and compared with CA
membranes without nano-SiO2. The influences of
the content of nano-SiO2 on the membrane performance are also discussed.

stirrer (JJ, Yitong Electron Co., Ltd, China). The
casting solution was then cast on a glass plate by
using an 100mm thick casting knife in a constant
temperature (set up at 25) and humidity (70%
relatively humidity) room. After evaporation of the
solvent for 30s, the casting film together with the
glass plate was immersed in a coagulation bath of
1±0.3 deionized water. The membrane was then
stripped off the glass plate and kept in a bath of
deionized water at room-temperature (20), which
was changed every 4h for 24h to wash out the solvents. Then the membrane was stored in deionized
water for performance testing.
The compositions of casting solution were
13.4 wt. % CA, 53.2 wt. % 1, 4-dioxane, 18.4 wt. %
acetone, 6.8 wt. % lactic acid and 8.2 wt. % methanol. The nano-SiO2 were added into the solution in
different contents (2, 4 and 6 wt. %) and were dispersed by stirring for 8h at room temperature. The
resultant solution was prepared for phase inversion
after eliminating air bladder by sonic oscillating.

2+:+-</:3B+<376 70 5/5,:+6/ ;<:=-<=:/
+6. ;=:0+-/ 8:78/:<3/; Scanning electron microscopy (SEM) was used to acquire the cross section and top surface imaging of membranes to determine the morphological properties. The SEM
analysis was performed using FEI Quanta 200 from
Holland and operated at 15 KV. Every membrane
sample was dried under vacuum for 24h to dehydrate it for preparing SEM samples. Membranes
were fractured in liquid nitrogen to clearly scan the
cross-section image. The membranes were coated
with a gold layer for observation by a sputter coater.
Furthermore, energy dispersive spectrometer (EDS)
was used to collect the elemental composition of
membranes.
Attenuated total reflectance spectroscopy
(ATR-FTIR) was used to analyze the chemical
changes of the membranes in this study. Nicolet
AVATAR 360 FTIR Spectrophotometer together
with an ATR accessory (ZnSe crystal) was used to
collect the spectra. The incidence angle was 45o and
each spectrum was recorded using 32 scans at a
resolution of 4cm−1 in the region between 400 and
4000 cm−1. OMNIC 8.2 software was used to record the spectra, correct their baselines, normalize
the spectra and find the peaks.
Contact angle measurements were conducted
by dynamic contact angle instrument (DSA100,
KRŰSS GmbH, Hamburg, Germany). Contact angle indicates the hydrophilicity and the smaller angle indicates the better hydrophilicity. Every membrane sample was dried under vacuum for 24h before measurement. Two replicates were used, and
five drops per replicate were measured.
Membranes porosity(Ɛ) was calculated from
the equations below [22, 23]

%#$% $
+</:3+4; CA(54.556.0wt.acetyl) were
purchased from Sinopharm Chemical Reagent Co.,
Ltd and used without further purification. 1,
4-dioxane (≥99.5%purity), acetone (≥99% purity),
lactic acid(≥99%purity) and methanol (≥99.8%
purity) were obtained from Sinopharm Chemical
Reagent Co., Ltd. Sodium chloride (NaCl,
99%purity) and deionized water were used for
membrane performance testing. Nano-silica dioxide
(7nm) was from Sinopharm Chemical Reagent Co.,
Ltd and used for modifying. Disodium carbonate
(Na2CO3, Sinopharm Chemical Reagent Co., Ltd)
was used as an effluent for ion chromatography
(ICS-900, Dionex, CA, USA).

!:/8+:+<376 70 04+<;2//< ,+;/. 5/5
,:+6/ +6. 6+67$3  57.303/.  5/5,:+6/
Flat-sheet membranes were prepared by phase inversion. The casting solution contained CA polymers dissolved into 1, 4-dioxane and acetone with
additives of lactic acid and methanol [21]. The solution was kept in a round flask sealed with a glass
stopper to prevent evaporation of the solvents. The
solution was homogenized by using a mechanical
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ε=

(m wet - m dry )/ρ w
(m wet - m dry )/ρ w + (m dry /ρ p )

weight was obtained by the weighting balance
which the draw solution was placed on. Corresponding, the feed solution was put on a platform at
the same height to eliminate any gravitational effects. The calculation equation of water flux was as
follows.

×100 (1)

Where mwet and mdry are the mass of the hydrated and dried samples, ρw and ρp are the density
of water and polymers at a dried state respectively.
The relative density of the CA polymers used is
1.31 g/cm3 according to the reagent instructions.
Mechanical properties (e.g., tensile strength)
of the CA membranes and modified nano-SiO2 CA
membranes were measured using a universal tensile
testing machine (AGS-J, Shimazu, Japan). Every
membrane sample was dried under vacuum for 24h
before measurement. The elongation velocity was 2
mm/min with an initial gauge length of 15 mm.

Jw =

Δw
ρ × Am × Δt

( / 

2

⋅ h or LMH )

(2)

Where Δw is the change of the weight of the
draw solution, ρ is the water density, Am is the
effective membrane area and

Δt is the time of

testing.
RSF (reverse salt flux) was defined as the
mass of NaCl diffusing from the draw solution to
the feed solution per unit time per unit membrane
area during FO testing. The mass of NaCl was obtained through the concentration of chloride ions in
each solution which was determined by ion chromatography. 10 mL samples of both solutions were
collected for determination before and after the
testing. The calculation equation of RSF was as
follows:

!/:07:5+6-/ </;<361 The prepared membranes were tested in FO mode (Fig.1) using a test
cell with 30.25cm2 effective area (width, 6.5cm;
length, 6.5cm). Either feed solution or draw solution was kept in a 2L tank. Both solutions were
circulated at a rate of 15 L·h−1 in a closed loop by
using two diaphragm pumps (PLD-2203, China).
The draw solution was placed on a weighing balance and the feed solution was placed on a platform
at the same height to eliminate any gravitational
effects. Feed solution was Purified water from a
Milli-Q system(18MΩcm) and draw solution was
1M sodium chloride (NaCl). Both of the volume of
the solutions was 1L. Membrane performances
were assessed by measuring permeate water flux
(Jw) and reverse salt flux (Js).
The permeate water flux (Jw) was calculated
through the increment of the weight of the draw
solution because of the water permeated over the
membrane during the FO testing. The change of the

J s-NaCl =

w
(g/m 2 ⋅ h)
Am × Δt

(3)

Where w is the mass of NaCl, Am is the effective membrane area and Δt is the time of testing.
The membrane performances were tested in
AL-FS (active layer facing feed solution) orientation. Data were recorded after running of the system for 5 min to stabilize water flux and the testing
time was 1 h. All the tests were conducted at 25°C
and repeated three times to minimize experimental
error.

flow meter pump

membrane cell
membrane

feed solution
flow meter

pump

draw solution
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  5/5,:+6/ 57:8274713/; The Fig.2 (a)
to Fig.2 (d) showed the cross-section morphology
of CA membranes prepared with different content
of nano-SiO2 in the casting solution. The SEM images indicated that the asymmetric structure of the
membranes was not changed by the presence of
nano-SiO2. All the membranes showed the asymmetric structure of compact cortical layer and porous support player. Furthermore, with the increase
of the addition nano-SiO2, the finger-like structures
seemed more intensive according to the images.
The Fig.2 (e) to Fig.2 (h) showed the amplified
images of the finger-like structure of the membranes and showed that the large pores appeared
gradually on the surface of the support layer and
increased with the increase of the content of
nano-SiO2. The reason was that the addition of
nano-SiO2 delayed the process of the phase separation during the preparation of membranes, which
played an important effect on the membrane structure.
The Fig.3 showed the surface morphologies of
CA membrane (a) and modified CA membranes
prepared with 6wt. % nano-SiO2 in the casting solution (b). We could clearly see the particles on the
surface of the membrane when the nano-SiO2 were
added in the casting solution.
Table 1 indicated the surface contact angles,
porosity and tensile strength of CA membranes

prepared with different content of nano-SiO2 (0, 2,
4 and 6 wt. %). The contact angle of membranes
declined with the increase of the content of
nano-SiO2, suggesting that the hydrophilicity of CA
membrane surface was improved with the increment of the content of nano-SiO2. This was due to
the silicon hydroxyl groups on the membrane
structure by the presence of nano-SiO2 in the CA
polymer system. Meanwhile, the porosity of membranes increased with the increase of the content of
nano-SiO2. This was because pores were formed
when the nano silica dioxide added in the casting
solution filtered out of the main body of the membrane during the phase inversion. The tensile
strength of the membranes was also improved with
the increase of the content of nano-SiO2.
ATR-FTIR spectra and EDS of CA and
nano-SiO2 modified CA membranes. The Fig.4
showed the ATR FT-IR spectra of the CA membranes prepared with different content of nano-SiO2
(0, 2, 4 and 6 wt. %). The appearance of peaks at
1739cm-1 corresponded to the carbonyl (C=O) of
CA, the appearance of peaks at 1040 cm-1 and 1228
cm-1 was assigned to the ether group (C-O-C) of
CA. The appearance of peaks at 3466cm-1 corresponded to the hydroxyl (-OH). There were no
characteristic peaks in relation to silica oxygen
group (Si-O-Si) and silicon carbon group (Si-O-C).
It was also suggested that there was no silicon hydroxyl group (Si-OH) since the intensity of the peak
of hydroxyl (-OH) was weak.
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76<+-<+614/87:7;3<A+6.5/-2+63-+4;<:/61<2705/5,:+6/;8:/8+:/.?3<2.300/:/6<-76</6<70
6+67;343-+36<2/-+;<361;74=<376
CA membrane prepared with
0 wt. % nano-silica
2 wt. % nano-silica
4 wt. % nano-silica
6 wt. % nano-silica

Contact angle (°)
67.1±0.72
54.1±0.83
49.3±0.21
43.6±0.54
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Porosity (%)
47.52
52.20
57.57
61.64

Tensile strength (MPa)
6.17
7.79
8.63
9.22
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The Fig.5 showed the EDS of the CA membranes prepared with different content of nano-SiO2
(0, 2, 4 and 6 wt. %). It clearly demonstrated that
silicon element existed in the membrane after modification by nano-SiO2. In addition, the intensity of

   +6.?<

the peak of silicon in the EDS increased with the
increase of the content of nano-SiO2.
It could be concluded that nano-SiO2 did not
react with CA to form a new chemical bond. The
addition of nano-SiO2 played a role of physical
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latter played a dominant role since the internal nanochannels were too thin to extract water without
applying pressure (FO mode). Moreover, the external nanochannels created direct and appropriate
path in comparison with the inner cores [24]. Also,
the presence of nano-SiO2 increased the surface
hydrophilicity of FO membranes, which caused
improvement of the water permeation through the
modified FO membranes. The higher salt rejection
was caused by the improvement in surface hydrophilicity, which promotes the water preferential
adsorbing and decreased reverse salt flux. Reverse
salt flux is proportional to the salt rejection coefficient R [4] and the lower reverse salt flux represents the higher salt rejection [25].It was worthwhile to note that both of the water flux and reverse
salt flux of the modified membrane decreased when
the content of nano-SiO2 further increased from 4
wt. % to 6 wt. %, which might be attributed to the
defect of nano-SiO2 agglomeration in the phase
inversion process. Hence, the excessive addition of
nano-SiO2 may not be advisable for FO applications. In summary, these results specified that the
nano-SiO2 modified CA membranes exhibited improved salt rejection as well as water permeability
than unmodified membrane in FO process.

blending and nano-SiO2 consisted in the CA organic
system as an additive.
/</:536+<376 70  8/:07:5+6-/ The FO
performance of CA membranes prepared with different content of nano-SiO2 (0, 2, 4 and 6 wt. %)
including water flux, reverse salt flux and salt rejection was shown in Figure 6 and the detailed data
was listed in Table 2. It was worthwhile to note that
the nano-SiO2 modified CA membranes for FO
exhibited superior separation properties than unmodified CA membrane. The water permeability
and salt rejection were improved with the increase
of the content of nano-SiO2 in the CA membrane
structure in the range of 0–4 wt. %. When the content of nano-SiO2 increased from 0 wt. % to 4
wt. %, the water flux was improved from 6.15
LMH to 16.62 LMH and the reverse salt flux declined from 0.429 to 0.194 mole NaCl/m2 h. The
improvement in water flux of nano-SiO2 modified
CA membranes could be attributed to the existence
of nano-SiO2 that forms nanochannels in the top
surface of the membranes. Both inner cores of
nanotubes (internal nanochannels) and the interfacial gap between nano-SiO2 and CA polymer at the
interface of CA layer (external nanochannels) created additional passage for solvent transfer. The


% 
'+</:04=@+6.:/>/:;/;+4<04=@70<2/5/5,:+6/;8:/8+:/.?3<2.300/:/6<-76</6<706+67$3
Water flux Jw
Reverse salt flux Js-NaCl
CA membrane prepared with
(LMH)
(g NaCl/m2 h)
0 wt. % nano-SiO2
6.15
9.67
2 wt. % nano-SiO2
10.56
6.58
4 wt. % nano-SiO2
16.62
3.85
6 wt. % nano-SiO2
15.34
4.26
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Nano silica dioxide (nano-SiO2) modified cellulose acetate (CA) membranes were prepared. The
FO performance of the modified membranes were
evaluated and compared with those membranes
without nano-SiO2. The addition of nano-SiO2 did
not change the asymmetric structure of CA membrane but made the spongy structure of the membrane appeared more compact. The hydrophilicity,
porosity and tensile strength of the membranes
were improved with the increase of the content of
nano-SiO2 in the CA polymer system. The
nano-SiO2 did not react with the CA but consisted
in the CA organic system as an additive according
to the FTIR results. The smart selection of the
nano-SiO2 in order to use in FO membranes structure caused the formation of membranes with sufficient separation properties and FO performance.
The water flux and salt rejection were simultaneously improved in the nano-SiO2 modified CA FO
membranes. However, excessive addition of
nano-SiO2 might decreased the permeability and
selectivity of the membranes. Finally it can be concluded that nano-SiO2 modified CA membranes
have potential for practical FO application as a result of their enhanced structural and separation
properties.
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paper industry has raised the demand for intense
culture plantations. The Poplar and Fast Growing
Forest Trees Research Institute in Turkey searches
for poplar and willow clones of fast growing species with short rotation duration as potential raw
resources. Hybrid poplar clones, which grow fast,
can be used as raw materials for pulp and papermaking [4, 5].
The objective of the study is to optimize
ASAM pulping process with and without steamed
pretreatment by using hybrid poplar wood grown in
Turkey as raw material and by examining the process based on changing pulping parameters.
For this purpose, ASAM pulping process was
optimized based on the parameters mentioned
above by evaluating pulp efficiencies and strength
and optical features of handsheets from ASAM
pulps. Therefore, efficiencies of control kraft handsheets and ASAM were compared by testing
strength and brightness features.

The objective of this study is to evaluate the
suitability of hybrid poplar (  ) which is
grown in Turkey as a raw material by ASAM pulping. Hybrid poplar wood samples were pulped using both ASAM (alkaline sulfite–antraquinonemethanol) and kraft processes. Kraft process was
used as a control. The effect of the ASAM process'
variable, cooking time, on pulp yield and quality of
handsheets was examined while other pulping conditions were kept constant. After cooking for 120,
150 and 180 minutes at maximum temperature,
kappa numbers were 17.4, 16.8 and 8.19 respectively for ASAM and of 24.5 for kraft. Pulp yields and
the strengthvalues of ASAM handsheetswere found
higher than than those for kraft.
'&"#
ASAM, kraft,    , hybrid poplar, organosolv pulp, environmental friendly.
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In this study, Hybrid poplar (Samsun clone)
 
  used as a raw material was
obtained from the plantation area of The Poplar and
Fast Growing Forest Trees Research Institue of
Izmit, Turkey.
Samples were chipped in industrial size
(length 1-2 cm, thickness 1.5-4 mm, width 1 cm)
and screened. After preparation stage, chips were
filled into 10 l capacity rotating laboratory digester.
Cooking liquor composition and pulping conditions
are given in Table 1. Making handsheets and their
strength and optical properties obtained from unbleached pulps were tested by TAPPI and ISO Test
methods are given below.
Determination of drainability
ISO-5267-1
Preparation of laboratory sheets, ISO 5269-2
Standard conditioning
TAPPI
T402 om-88
Determination of grammage
ISO 536
Tearing resistance of paper
TAPPI
T414 om-88
Determination of opacity
ISO 2471
ISO Brightness
ISO 2470
Bursting strength of paper
TAPPI
T403 om-91

$"%$
ASAM pulping is an organosolv method in
which antraquinone (AQ) and especially methanol
solution are used in addition to the chemical charges used in alkaline-sulfite based pulping methods
and without sulphur compound pollution generally
compared to traditional alkaline based methods.
The main advantage of this method is that it
enables the pulping which is easy to bleach and
highly yield in the use of a wide variety of tree
species as raw material and the papers produced
from these pulps to have high resistance and brightness [1].
The prominent benefit of ASAM pulping
method is defined as environmentally friendly since
it significantly contributes to the environment protection with its high efficiency independent on raw
material used and low environmental pollution it
caused [6].
The need for wood raw material has been increasing due to global population growth and is not
to be met sustainable and renewable raw material
forest resources and products [2, 3]. Therefore,
decreased wood raw material need in pulp and
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In this study, the hybrid poplar chips were
used for control kraft and ASAM pulping. Steamed
pretreatment for 30 minutes was carried out before
120-180 minutes cooking time of the pulping process except for ASAM 1*, 2*, 3* and 4* (without
steaming pretreatment ASAM pulps). The cooking
time of pulping process was carried out as 120, 135,
150 and 180 minutes.


"#%$##%##

illustrates the effect of these of pulping time on the
pulp yield in the extent of delignification when
Hybrid poplar samples pulped at 170 oC max. temperature, a methanol concentration 10 % (v/v) on
wood for all ASAM pulping processes and the
pulping conditions in the Table 1. The pulp yields
of ASAM 1*, 2*, 3* and 4* without pretreatment
are higher than ASAM pulps with pretreatment.
These pulps may be appropriate to make handsheet
after refined. As it has been shown in Figure 1,
pulping yield approximately from 52% to 61 % for
ASAM are obtained higher than control kraft process (51 %). These data are compatible with literature [6, 7].
ASAM delignification was a greatly enhanced
delignification with increasing pulping time compared to kraft. The yields of without pretreatment
ASAM pulp are higher than ASAM pulps with
pretreatment due to a decrease in lignin during
pretreatment. After pulping process in the delignification kappa numbers were varied from 23 to 11 for
ASAM and 24.5 for control kraft. It is clear that
residual lignin content depends on increasing the
pulping time (120 to 180 min,) due to residual lignin, which have linearly relation with kappa number.

The cooking conditions of control kraft and
the ASAM pulping from hybrid poplar were given
in Table 1.
ASAM pulps without pretreatment (1*, 2*, 3*
and 4*) were prepared for handsheet production by
using a laboratory refiner (Sprout–Waldron). All
ASAM pulps (with pretreatment and without pretreatment) and control kraft pulps were made handsheets to compare with their optimum strength and
optical properties.
Results of strength and brightness properties
determined in the handsheets from ASAM pulp
were given in the Figure 1-5.
ASAM and control kraft pulps were produced
in different pulping time (120-180 min.). Fig. 1

$ 
7(-9(4+# :2604.54+0905485->)70+6562(7
Pretreatment (Steaming) Time (min)
Chemical charge (as NaOH %) on o.d wood
Sulfidity (as Na2S%) on o.d wood
Liquor-to wood ratio
Antraquinone (AQ%)
Methanol (%)
Max., (Tmax) C°
Time to Tmax (min)
Time at Tmax (min)
White Temp Liquor pH
Black liquor pH

30
17.5
20
5:1
170
90
90
11.6
9.8

30
6
15
5:1
0.1
10
170
120
180
11.6
9.8

o.d:Oven drying

%" 
--,*95-9/,*55104.903,54#+,20.40-0*(9054959(2>0,2+-57>)70+6562(7
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%" 
--,*95-9/,*55104.903,54)70./94,885->)70+6562(7(9 5#"


This research showed that ASAM pulps’ kappa numbers were found under 20. As a result,
ASAM pulps can be bleached easily by applying
less processing stage and less chemical charge than
the typical bleaching process. According to bleachable grade in hardwood pulps kappa number should
be under 20 [8].
Brightness is the most important one in the optical properties and indicates that can be bleached to
high brightness in the bleaching process with the
toxic-free [1, 9]. When the brightness values of
ASAM handsheets at 30 OSR compared with kraft.
They were higher than control kraft (Figure 3).
Total yields for the ASAM pulps were higher
than control kraft (Figure 1) even though pulping

was extended to a much lower kappa number. Because of ASAM pulping typical properties, carbohydrate dissolution rate is lower than that of lignin
and it is more beneficial than in kraft pulping. This
can be attributed to the lower alkalinity of the
ASAM process and the presence of methanol and
anthraquinone (AQ) which protects carbohydrate
The strength properties (tensile index, burst
index and tear index) of the ASAM and kraft pulps
are given in Figure 3-6.
Despite their low kappa number, the strength
properties of the ASAM’s papers were higher than
control kraft pulp. The development of this strength
properties may be easily risen to higher resistance
properties at low degree of beating (Figure 4-6).
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536(708545-6756,790,85-#6(6,7-57/(7+<55+8
Species
Hybrid poplar
Hybrid poplar
   
Poplar
Beech
Birch

Tear (mN.m2/g)
5.8
8.9
9.5
8.0
10.0
11.0

Tensile (kN/m)
86
90
79
112
89
112

Reference
Current study
[12]
[1]
[1]
[1]
[1]

&$#

When tensile, tear and burst index of with and
without pre-treatment ASAM’s handsheets compared at 30 oSR which is suitable degree of beating
for free-wood printing and writing papers were
superior to control kraft handsheets. The pre-treated
ASAM’s handsheets of tensile strength was linearly
increased with varied pulping times. Raising temperature to 170 oC, its tensile strength was practically affected by increasing treatment from 120 to 180
minute pulping time (Figure 4). Therefore, 180
minute pulping time can be selected as optimum
pulping time for tensile index. It is apparently seen
that 120 min is optimum pulping time for tear and
bursting index of pre-treated ASAM’s handsheets
(Figure 5, 6)
As it is seen in Figure 4, the high tensile
strengths which are based on the good bonding
ability of fibers, are mainly the result of the high
hemicellulose content of the pulps. Cellulose is
very stable in the ASAM’s pulps. At the same time,
process of ASAM allows delignification to very
low kappa numbers without degradation of the pulp
[10, 11]. After delignification, it was decreased
approximately mean from 3.2 to 1.54 % in ASAM’s
pulp and 3.53 % in kraft’s pulp.
Tear index of ASAM handsheets from Samsun
clone is lower than that of hardwood. Besides, tensile strengths of ASAM are high except 
 (Table 2).
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ASAM pulping process was carried out by using Hybrid poplar wood at 170 oC max. temperature, a methanol concentration 10 % (v/v) on wood
for different pulping time (120-180 min.) ASAM
pulps (with pretreatment and without pretreatment)
were made handsheets and control kraft pulps were
made handsheets to compare with their optimum
properties.
Strength and brightness properties were superior for ASAM’s handsheets. The optimum pulping
time was 180 minute for tensile and 120 minute for
tear and bursting index. Fast growing short rotation
raw material from Hybrid poplar has the potential
for being a valuable hardwood fiber resource for
ASAM pulping.
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global carbon change [3] but also for the obligations
from the United Nations Framework Convention on
Climate Change (UNFCCC) and implementation
compulsions of the Kyoto Protocol [4]. The UNFCCC obliges all parties having signs under the
convention to prepare, publish, and update the inventories for gas emissions and removals from
land-use change and forestry by using comparable
methods [5].
In determining the calculation method for
woody biomass, there are 2 generally accepted
approaches. First of them is the allometric equation
enabling the estimation of wood biomass by using
the easy-to-measure wood characteristics, whereas
the second one is the use of biomass expansion
factors (BEFs) or biomass conversion and expansion factors (BCEFs) in determining the biomass
amount [6,7]. The biomass regression equations are
used for direct biomass calculation [8]. Even though
the allometric equations are more useful in determining the tree-level biomass at high accuracy
levels, the use of BEF and BCEFs in large areas
based on the forest inventory comes to the forefront. The lower accuracy level of this method is its
disadvantage over the allometric equations, whereas
the disadvantage of allometric equations is that data
collection operation required large amount of labor
and time and thus money [7,9]. Moreover, in making nationwide evaluations by using BEF and
BCEFs, the coefficients should be determined based
on the site and stand conditions in order to not
cause any error [10, 11].
RI7XUNH\¶VIRUHVWODQGVDUHFRYHUHGZLWK
3 pine species. Among these species, the second
rank belongs to the black pine with 4,693,060ha of
forestland area [12]. The black pine, which is very
important for Turkey, has been examined in various
biomass studies. For the natural black pine individuals, Durkaya et al. [13,14] carried out 2 different
aboveground biomass studies. Again, Güner and
Çömez [15] carried out a study on the belowground
and aboveground biomass in the black pine plantations. But, there is no reliable study on the belowground biomass development of natural black pine
individuals in Turkey.
In the present study, the aboveground and belowground growths of natural black pine individuals were modeled. BEF and BCEF coefficients were
calculated for the black pine individuals in the study
area. Moreover, the leaf dry matter contents

ABSTRACT
Since the black pine is one of the most common pine species in Turkey, the present study was
carried out and the belowground and aboveground
biomass developments of natural black pine individuals was modeled because there is no reliable
model for estimating especially the belowground
biomass for the natural stands. Moreover, the biomass expansion factors (BEF) and biomass conversion and expansion factors (BCEFs) were calculated
for the black pine components. In addition, by the
diameter groups, the leaf dry matter contents
(LDMC) and root/shoot ratios were determined.
Totally 34 sample trees were measured in various
GLDPHWHUDQGKHLJKWJURXSVLQ.Õ]ÕOFDKDPDP)RUHVW
Enterprise. The models utilizing DBH (diameter at
breast height) and H (tree height) as independent
variable yielded stronger relationships than the
models, which use DBH as independent variable,
did. LDMC values show linear increase from the
small diameter groups towards the large diameter
groups. BCEF values changed from 0.063 to 0.825.
Mean root/shoot ratio was calculated to be
0.137±0.016.

KEYWORDS:
Pinus nigra (Arnold), biomass, BCEF, LDMC

INTRODUCTION
Forest ecosystems play significant role in the
global cycle of carbon, which is believed to be the
most important greenhouse gas having effect on the
climate change. The aboveground and belowground
biomasses of ecosystems are the important components of terrestrial carbon stocks. The most important carbon stocks in forest ecosystems consist
of the mass of woody plants. The aboveground
woody biomass determination methodology offers
sufficiently advanced and reliable data, whereas the
belowground woody biomass determination methodology still has certain difficulties [1,2].
Decreasing the uncertainties in determining
the amount of carbon stored in biomass and the
change in amount of carbon is important not only
for understanding the long-term relationships in
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(LDMC) and root/shoot ratios were determined for
the diameter groups.

coefficient of determination (R2), standard error of
estimate (Se), total error (TE(%)), mean deviation
( D ), and absolute mean deviation ( D ) were uti-

MATERIALS AND METHODS

lized. The models, average absolute difference,
standard error, total error and average absolute error
values were small and coefficient of determination
value were large, were selected as best-fit models.
Models were given in Table 2.
And then, wood density, root/shoot ratio, BEF
and BCEF were calculated through the following
equations for natural Pinus nigra Arn. stands
[15,16,17]. Also leaf dry matter contents (LDMC)
were calculated (Zang et al., 2017).
(1)

Study Area: The study area was chosen within
the borders of .Õ]ÕOFDKDPDP )RUHVW (QWHUSULVH
located between 40o ¶ ¶¶-32o ¶ ¶¶E and
40o ¶ ¶¶-32o ¶ ¶W. .Õ]ÕOFDKDPDP Forest
Enterprise Directorate is located in the Central
Anatolian climate zone. The annual mean temperature of region is 10.4 Û&. The annual mean precipitation is 550mm, whereas the summers and draught
and softly rainy and the winters are cold and rainy.
The mean temperature in January, which is the
coldest month, is -0.4 Û&, whereas the mean temperature in August with is 20.1 Û&. The study area
can be seen in figure 1.
Experimental data: Single trees from pure Pinus nigra Arn. stands in different development
phases were analyzed in order to determine aboveground and belowground biomass development.
Totally 34 sample trees were measured in various
diameter and height groups.
The trees, diameters of which were measured,
were cut at the point closest to soil, and then the
height of tree was measured. Then, the branches of
sample trees were removed from the stem and divided into groups as thinner than 4 cm (no commercial value) and thick (commercially valuable)
branches and then weighed. And then, the samples
were taken from both of the groups. The stem was
divided into 2.05m sections, and the bottom diameter and length of the tip part and the diameters at the
ends of the sections were measured in order to determine the stem volume. Each section was weighed
and 5cm-thick stem samples were taken from the
middle of these sections. Then, the areas represented by each of trees were determined and excavated
to the root depth with a digger. The roots were
cleaned from soil, and the amount of coarse root (>
2 mm) was determined. Nothing was done about the
amount of fine root. The roots were divided into
stumps (thicker than 4 cm and thinner than 4 cm),
and then weighed. Samples were taken from both
groups. All of the samples were labeled and then
preserved in plastic bags. Samples were brought to
the laboratory; needles were removed from the
shoots, then the barks were separated from wood
and fresh weights were determined. After airdrying, the samples were oven-GULHG DW    Û&
until the weight stabilized and the final dry weights
were determined.
Data evaluation: The present study tested different models for determining biomass as a function
of DBH (diameter at breast height) or DBH and H
(tree height). The appropriate functions were chosen and used in the estimation of biomass. During
determining the most appropriate functions, the

(2)
Here, WD refers to wood density (t/m3), B to
biomass (kg/tree), SB to stem biomass (kg/tree),
and SV to stem volume (m3/tree).
To convert stem volume to dry biomass, the
following equation was used for calculating BEF. In
this study, it was determined separately for BEFAboveground and BEFTotal. BEFAboveground was calculated by using the ratio of total aboveground biomass
to stem biomass (Eq.3). Besides that, BEF Total was
calculated by using the ratio of whole tree biomass
stem biomass (Eq.4) [4,16,18]. BCEF is a value that
converts stem volume directly to whole tree biomass. BCEF can be calculated separately for tree
components (i.e. needles, branches, stem and roots),
and it is a value that converts stem volume directly
to whole tree biomass [15,17,19, 20, 21]. BCEF
was calculated by using the ratio of tree components biomass stem volumes (Eq.5). The leaf dry
mater content (LDMC) was calculated as the ratio
of needle dry mass to fresh mass (Eq.6). LDMC is
important property in plant ecology, because it is
reflect survival and a speedy biomass production
p
like specific
leaf area [22, 23, 24, 25 ]
(3)
(4)
(5)
(6)
where, BEF refers to biomass expansion factor
(tons/tons), BCEF to biomass conversion expansion
factor (tons/m3), r/s to root to shoot ratio, and
LDMC to leaf dry matter.

RESULTS AND DISCUSSION
For natural black pine, the models make it
possible to estimate the biomass values of aboveground and belowground tree components from the
diameter at breast height (DBH) (d1,3) and independent variables of diameter at breast height (d 1,3)
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± tree height (h). The models found to be suitable
for estimating the biomass development from diameter at breast height (d1.3) of natural black pine
stands are presented in Table 1. Moreover, the

models found to be suitable for estimating the biomass development from DBH (d1,3) and tree height
(h) of natural black pine stands as independent
variables are presented in Table 2.

TABLE 1
Models using DBH (d1.30) as an Independent Variable
Single-Tree Biomass Equations:
ABOVEGROUND
S =-21.9123+(1.8311d1,30)+(0.1788 d1.302)
SB =3.9654+(0.0332d1.302)
CB =29.4194+(-5.4799 d1.30)+(0.1771 d1.302)
CBB =12.9122+(-1.6785 d1.30)+(004761.302)
ln NB =-5.9140+2.5585 lnd1.30
ln NBB =-6.6574+2.5066 lnd1.30
N =4.1387+(-0.6455d1.30)+0.0423d1.302)
lnTC =-6.1514+3.0477 lnd1.30
TA =25.2346+(-5.8687d1.30)+(0.5188d1.302)
BELOWGROUND
SW =16.0672+(-1.6804 d1.30)+(0,0537 d1.302)
lnSB =-5.8571+(1.9787 lnd1.30)
RWthick =-1.3280+(0.0118 d1.302)
lnRBthick =-7.6246+(2.3389 lnd1,30)
RWthin=0.1419+(0.002d1.302)
RBthin=-0.3295+(0.0444d1.30)
lnTB =-4.0720+(2.2100 lnd1.30)

R2

F

Se

TE(%)

D

0.92
0.91
0.60
0.67
0.85
0.84
0.80
0.91
0.86

175
318
14
19
185
163
62
311
93

49
8
32
13
0.58
0.61
12
0.53
137

-0.004
-0.006
0.0003
-0.188
16.05
19.19
0.109
8.51
-0.002

-0.007
-0.002
0.03
-0.03
3.78
1.79
0.027
9.52
-0.007

34.29
6.11
37.35
7.26
15.75
6.38
7.02
57.23
78.16

0.82
0.89
0.61
0.78

68
248
41
97

10
0.39
7.25
0.49

0.20
10.10
0.47
-0.16

6.61
1.05
4.44
0.81

0.55
0.38
0.90

38
19
300

1.41
0.74
0.39

0.97
0.45
9.50

0.03
0.27
0.052
0.0037
0.018
0.004
3.41

D

f
1
2
3
4
5
6
7
8
9

1.48
1.53
1.39

1.32

10
11
12
13

1.19

14
15
16

1.19

0.84
0.42
10.39

(S: Stem biomass, SB: Stem bark biomass, CB: Commercial branch biomass, CBB: Commercial branch bark biomass, NB:
Non-commercial branch biomass, NBB: Non-commercial branch bark biomass, N: Needle biomass, TC: Total crown biomass, TA: Total aboveground biomass; SW: Stump wood biomass; SB: Stump bark biomass; RWthick: Root wood (> 4cm)
biomass ; RBthick: Root bark (> 4cm) biomass ; RWthin: Root wood (< 4cm) biomass ; RBthin: Root bark (< 4cm) biomass ;
TB: Total belowground biomass).

TABLE 2
Models using DBH (d1.30) and tree height (h) as independent variables
ABOVEGROUND
S=34.545-3.6148d1.30-6.7528h+0.2544 d1.302+0,5636h2
SB=-2.0274-0.7265d1.30-1.0497h+0.0207 d1.302+0,058h2
CB
=255.5218-5.6471d1.30-31.9573h+0.1822
d1.302+1.1011h2
ln CBB =-10.8522+4.9231 lnd1.30-1.6933 lnh
NB=19.4032+0.6955d1.30-4.9045h+0.0235
d1.302+0,1558h2
NBB
=3.3242+0.182d1.30-0.8906h+0.0107
d1.302+0,0183h2
N =2.9398-0.949d1.30+0.4765h+0.0465 d1.302-0,0049h2
d1.302TC
=-86.3031-16.3546d1.30+0.3757h+0.5458
0.0127h2
TA=106.6611-11.5098d1.3011.481h+0.5972d1.302+0,7758h2
BELOWGROUND
lnSW=13.4008-5.978lnd1.30+1.2256lnd1.302+17.4151lnh3.4007 lnh2
lnSB=-6.4736-1.7942lnd1.30+0.5914lnd1.302+5.1045lnh0.993lnh2
RWthick
=0.8366-0.555d1.30+0.027d1.30h+0.246d1.3020.0007d1.302h
RBthick=9.492-0865d1,30+0.064d1.30h+0.023d1.302-0.745h0.0014 d1.302h
RWthin=-0.9945+0.3759d1.302-0.0203d1.30h-0.0113
d1.302+0.0008 d1.302h
lnRBthin=-14.5055+2.587lnh-0.1611lnd1.302+6.912lnh1.5431lnh2
lnTB=-10.8345-2.557lnd1.30+0.7068lnd1.302+11.4013lnh2.1988lnh2

D

R2

F

Se

TE(%)

D

0.93
0.92
0.61

101
85
6.6

46
8
65

-0.014
-0.10
0.071

-0.027
-0.03
0.04

28.76
5.17
38.26

0.69
0.43

9
55

19
30

0.40
-0.06

0.065
-0.014

7.66
15.20

0.44

5

11

0.15

0.014

5.83

22

0.80
0.65

29
13

13
111

0.14
0.14

0.03
0.15

6.81
55.83

23
24

0.86

45

139

-.0024

-0.008

74.15

25

0.90

63

0.38

8.77

0.24

0.98

1.18

26

0.90

63

0.38

8.77

0.24

0.98

1.18

27

0.61

9

7.67

0.42

0.04

4.39

28

0.69

13

1.33

-21.76

-0.50

0.87

29

0.59

10

1.41

-3.12

-0.06

1.04

30

0.70

16

0.58

24.35

0.21

0.51

1.48

31

0.92

85

0.37

10.15

3.64

9.70

1.17

32
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ues varied between 0.063 and 0.825 (Table 3).

Stem wood density is a ratio of oven dry
weight of timber to its volume [4, 26, 27]. The
volume was measured using Smalian's formula. The
mean stem wood density was calculated to be
0.622±0.020 for natural black pine. Root/shoot
ratios (R) are commonly used in converting standing volumes of timber into total carbon stocks, for
the purpose of national inventories of greenhouse
gas emissions and sequestration like BEF and
BCEF [1,18] Mean root/shoot ratios were calculated to be 0.137 ±0.016 for natural black pine trees.
Figure 1a shows root/shoot ratios of sample trees
according to DBH and also the root-shoot biomass
relationship can be seen in Figure 1 b with a significant slope. In this study an improved model was
offered for relating root biomass (y) to shoot biomass (x) for natural black pine stands (y=0.1063x0.0007).
BEFs were calculated for the belowground,
aboveground, and total values, whereas the BCEFs
were calculated for stem, branch, needle, aboveground, and belowground components. BCEF val-

TABLE 3
ChDQJHVLQ%()¶VDQG%&()¶VZLWKUHVSHFWWR
components (Mean±SE)
BEF Aboveground
BEF Belowground
BEF Total
BCEFStem
BCEFBranch
BCEFNeedle
BCEF Aboveground
BCEF Belowground

(Mean±SE)
1.343±0.047
0.175±0.018
1.518±0.051
0.622±0.020
0.139±0.025
0.063±0.005
0.825±0.040
0.124±0.021

(SE: Standart error)
The changes of leaf dry matter content were
examined for 5 different diameter groups. Mean
LDMC was determined to be 0.437±0.017 for natural black pine stands. According to the diameter
JURXSV /'0&¶V DQd their standard errors are
shown in Figure 2.

a

b
FIGURE 1
Root/shoot ratios relationships (a) and improved model (b)

FIGURE 2
LDMC and standard errors by diameter groups of sample trees
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agement plans made it possible to reliably determine the biomass values by making use of BEFs
and BCEFs without needing any extra calculation.
As it can be seen in Tables 1 and 2, the models
using DBH and H as independent variables showed
stronger relationships when compared to the models
using DBH as independent variable. BCFs and
BCEFs are presented in Table 3 as mean values.
The comparisons made between the results obtained from previous natural black pine aboveground biomass [13] and planted black pine belowground and aboveground biomass [15] studies are
presented in Figure 3.
As seen in the Figure (a, d), the forestation areas have more needle and belowground biomass,
whereas the natural stands with same size have
higher stem weight values (b). The total aboveground biomass values (c) up to 30cm DBH are
close to each other. At higher diameter levels, the
model of Güner-Çömez [15] yields higher values,
although this result is understood to originate from
the fact that there was no individuals having larger
diameters in the forestation areas. The remarkable
similarity between these results and those obtained
in a study carried out on the natural and forestation
young yellow pines [31] is that the forestation areas
have more needle biomass but the natural stands
involve more stem biomass.

Although the most accurate method of determining the biomass of a tree is to directly weigh it
by harvesting in the field, it might sometimes be a
time-consuming and destructive practice [28]. The
use of allometric relationships instead of the direct
harvesting in determining the biomass is frequently
preferred as a non-destructive and indirect measurement method. Moreover, it is less timeconsuming and more affordable [30]. In the present
study, it was aimed to determine the aboveground
and belowground biomass of natural Pinus nigra
(Arnold). The analyses were performed using the
data collected from 34 different sample trees that
had different diameters. The biomass amounts by
the tree components from sample trees were modeled via allometric relationships. Furthermore, the
root/shoot ratios, BEF, BCEF, and LDMC values
were calculated.
In Turkey, as in rest of the world, the forest
inventory generally focuses on the wood volume
because of the HFRQRPLF UHDVRQV DQG LW GRHVQ¶W
include the data related with determining the biomass [29]. Thus, making use of biomass and carbon
models with reference to the tree diameter or tree
diameter-length is very difficult when it is performed by using only the data in management plan.
Moreover, it also requires making new calculations.
In the present study, using the planted stem volume
values that are the most useful factor in the mana

b

c

d
FIGURE 3
Comparison of equations developed for natural and planted black pines
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TABLE 4
&KDQJHRIWKHWUHHFRPSRQHQWV¶UDWLRE\WKHGLDPHWHU groups
Group I (6-15.9 cm)
Group II (16-25.9 cm)
Group III (26-35.9 cm)
Group IV (36-45.9 cm)
Group V (46-55 cm)

Stem (%)
66.8
74.2
71.6
59.1
53.6

Branch (%)
8.1
9.3
11.9
24.6
29.5

Needle (%)
6.4
7.4
6.5
7.4
6.9

Belowground (%)
18.6
9.2
10.0
8.9
10.0

stored in the forests, it would be a better approach
to perform separate studies for each species instead
of starting from the general principles. But, as it can
be seen above, significant variances might be seen
even within the same species grown in different
silvicultural regimes and different habitats. There
are differences between the biomass values of individuals taken from natural and forestation stands of
black pine species. Although the total biomass
values were close to each other, there also are differences in the distribution of biomass among the
tree components. The differences between the bioPDVV FRQWHQWV RI VDPH VSHFLHV¶ LQGLYLGXDOV JURZQ
under different silvicultural conditions suggest that,
rather than the general methods, the local models
should be developed in order to accurately and
precisely determine the amounts and changes of
biomasses stored in forest ecosystems.

By the diameter groups, the changes in the ratios of tree components are presented in Table 4.
The stem biomass reaches at the highest level
among all the tree biomass in Group II, whereas it
starts decreasing from this point. Being inversely
proportional to the stem biomass, the branch biomass exhibits a trend increasing gradually towards
the larger diameter value groups. Needle biomasses
show no remarkable change among the diameter
groups. The belowground biomass has the highest
level in Group I, whereas it reaches a plateau in
following groups. Helmisaari et al. [32] determined
the distribution of biomass ratios among the tree
components for 3 different development groups
(young, middle-aged, and old) of natural yellow
pine stands. In their study, they reported an increase
in stem ratio and a decrease in branch ratio from
young to old in comparison with whole tree biomass and an increase in needle ratio and a decrease
in total belowground biomass ratio from middleaged to old ones. When compared to our results,
these results have significant differences in stem
ratio. This difference can be explained with possible
strong branching of natural black pine stands together with the increasing diameter. As expected,
the root/shoot ratios decreased as the diameters
increased (figure 1a). Similarly, as it can also be
seen in table, the increase in diameter also increases
the aboveground biomass.
Except for the Group V, the mean LDMCs
showed linear increase from smaller diameter
groups towards the larger ones (Figure 2). Together
with the increase in diameter, also the leaf dry matter contents were observed to increase.
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between the production and scavenging of ROS is
commonly known as redox homeostasis. However,
when ROS production extreme the cellular scavenging capacity, thus unbalancing the cellular redox homeostasis, the result is a rapid and transient excess of
ROS, known as oxidative stress. Plants have antioxidant mechanisms for scavenging the ROS excess
and prevent damages to cells [5-8].
All plants produce an incredible diversity of
secondary metabolites. One of the most important
groups of these metabolites are phenolic compounds.
Phenolics have various functions in plants. An increase of phenylopropanoid metabolism and the
amount of phenolic compounds can be observed under different environmental factors and stress conditions [9-11]. Understanding this defense system and
the physiological response of plants to herbicide
stress may facilitate the investigation on phytotoxicity [12].
Pendimethalin (Stomp) is a dinitroaniline herbicide. It is generally used for selective weed control
in different economic crops. It acts on cell division
by blocking mitotic division and causing accumulation of abnormal microtubular structures [13, 14]. It
is known to be persistant in soil with different crops
up to 75 day after sowing [15, 16].
Safflower (   L.) a member
of the family   , is annual herbaceous plant
[17]. Its flowers have many medicinal properties for
several chronic diseases [18, 19]. It has become a
progressively important crop due to its stability and
adaptability to different environmental conditions, as
well as its high nutritional content [20-22]. Safflower
is not a strong competitor against weeds mainly during its early growth stages, when it has not started
branching [23]. Safflower yields can be reduced up
to 75% by weeds depending on the weed species and
density [24]. Jalali et al. (2012) [25] also found that
weed competition in safflower field caused a yield
reduction of 29 % [26].
In this study, we examined the the effect of
pendimethalin herbicide on safflower, an important
culture plant, For this,    L.cv.
“Dinçer” and “Remzibey”were chosen as test plants.
In order to determine the membrane damage, the
possible effects of pendimethalin were analyzed in
terms of POD, APX, SOD, CAT, GSH, GR, GST
and total phenolic activities.

Pendimethaline is a dinitroaniline herbicide
compound which selectively controls weeds. It is a
cell division and growth inhibitor. In this study,
pendimethalin herbicide was applied to Dinçer and
Remzibey cultivars of     L. in
0.004-0.01 M concentration range after germination.
The effects of pendimethalin upon peroxidase
(POD), ascorbate peroxidase (APX), superoxide dismutase (SOD), catalase (CAT) reduced glutathione
(GSH), glutathione reductase (GR), glutathione-Stransferase (GST) and total phenolic content were investigated on the 24, 48 and 72 hours following the
treatment. POD, APX, SOD, CAT and GST activities were increased on the 24, 48 and 72 hours in
Dinçer while decreased at 72 hour in Remzibey.
GSH and GR activity were decreased at 72 hour in
Dinçer and Remzibey. Total phenolic content decreased at 48 and 72 hours in Dinçer and Remzibey.
In this study, we determined that pendimethalin
herbicide affected the antioxidant enzyme activities
in Dinçer and Remzibey.
$"
Antioxidant, Herbicide, Pendimethalin, Safflower, Total
phenolic

 ! 
Weeds are one of the major agricultural pests
that can harm crop. Weeds compete with crops and
reduce yield, decrease harvest efficiency, decrease
seed quality, and serve as a reservoir for pests. [1].
Application of herbicides to arable land is one of the
most important practices in modern agriculture [2,
3]. When herbicides are sprayed on weeds in planting areas, they can reach the non-target plant species
with drift, surface flow, and evaporation. Therefore,
it appears that seedlings and plant species at late vegetative and reproductive stages may be affected differently, and this is most likely influenced in turn by
the type of herbicide applied [4].
Environmental stress induces the accumulation
of reactive oxygen species (ROS) in the cells, which
can cause severe oxidative damage to the plants, thus
inhibiting growth and grain yield. The equilibrium
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at 30˚C, 150 µL distilled water, 5 µL GR and 50 µL
extract were added on it. The reaction was monitored
at 412 nm.

%'6-8-6:GR activity was measured according to the method of Carlberg and Mannervik [35].
The reaction mixture consisted of 500 µL of 0.2 mM
potassium phosphate buffer (pH 7), 50 µL of 2 mM
NaDPH, 50 µL of 20 mM GSSG, 100 µL of distillated water and 300 µL of extract. The enzyme activity was measured at 340 nm.

  %'6-8-6: The GST activity was determined according to the method of Habig et al. [36].
The reaction mixture consisted of 400 µL of 0.1 M
phosphate buffer, 400 µL of 0.002 M GSH, 100 µL
of the leaf extract and 150 µL of 0.15 M CDNB. The
reaction was measured in spectrophotometer at 340
nm.

26%/3,)12/-''216)16Total phenolic content
was measured by Slinkard and Singleton [37] and
Chandler and Dodds [38]. Absorbance values were
read at 760 nm. Phenolic compound amounts were
determined according to standard gallic acid equivalence.

26%/ 52/7&/) 3426)-1 Total soluble protein
amount was identified by Bradford (1976) [39]
method, using microplate reader system (Molecular
Devices Corp., Versamax). Each well of microplate
was added 5 µL prepared homogenate and 250 µL
Bradford reagent and they were kept at a dark place
at room temperature (25 oC) for 15 minutes. Later,
absorbance change depending on color change was
measured at 595 nm wavelength. Obtained OD (Optical Density) values were compared with standard
graphic values drawn using bovine serum albumin
(BSA). Total protein amounts in the specimens were
calculated using package program (Slide).

6%6-56-'%/ %1%/:5-5 Statistical analysis was
performed using SPSS 17.0 software. Duncan’s [40]
and Independent Sample  tests were used for significance control (p<0.05) following variance analysis.


! !

  
In the present study, the pendimethalin herbicide was provided from BASF Company/ İstanbul
and Dinçer and Remzibeyseeds were provided from
Transitional Zone Agricultural Research Institute/Eskişehir. The plants were grown in pots containing perlite, using Hoagland solution [27] in a climate room with a temperature of 23±2 °C and a humidity of 60%. On the 21st day of the growth, the
plants were treated with pendimethalin with the
spraying method. The doses were determined from
the toxicity testings (0.004, 0.005, 0.007 and 0.01
M).
964%'6-212*3/%16/)%8)50.5 g of leaf tissue
was homogenized in 2.5 mL 0.1 M pH 7.5 Tris-HCl
tampon, 2.5 mL 0.1 mM EDTA and 0.5 mL 1% PVP
[28].
 %'6-8-6: The POD activity was determined according to Mac Adam et al. [29]. The solution was prepared by mixing 3 mL of 0.1 M (pH 6.0)
potassium phosphate buffer with 0.04 mL of 0.03 M
H2O2 and 0.05 mL of 0.2 M guaiacol. The reaction
mixture contained 0.1 mL of the extract and 0.9 mL
of the solution. The enzyme activity was measured
by a spectrophotometer (Biochrom Libra S22) at 436
nm.
#%'6-8-6:The APX activity was measured
by following the methods of Nakano and Asada [30]
(1981) and Cakmak [31]. The reaction mixture contained 550 µL of phosphate buffer (pH 7.6), 100 µL
of 10 mM EDTA (EDTA was prepared in 12 mM of
H2O2), 100 µL of the extract and 250 µL of 0.25 mM
ascorbic acid. The enzyme activity was determined
by a spectrophotometer at 290 nm.
 %'6-8-6: The SOD activity was determined according to McCord and Fridovich [32], in
terms of the ability of the enzyme to prevent the reduction of cytochrome c by superoxide generated by
the xanthine oxidase system. Absorbance of the reaction mixture was read at 550 nm.
  %'6-8-6: The CAT activity was determined according to the method of Luck [33]. The reaction mixture consisted of 800 µL of 1/15 M phosphate buffer (pH 7) containing H2O2 and 200 µL of
extract. The decrease of H2O2 was monitored at 240
nm.

26%//76%6,-21)216)16The GSH content
was assayed by Akerboom and Sies [34]. In order to
determine GSH content, 23.78 mg DTNB and
0.248mg NADPH were prepared in the mililiter of
125 mM sodium diphosphate containing 6.3 mM
EDTA. After 700 µL NADPH and 100 µL DTNB
were incubated for 10 to 12 minutes in hot water bath

Herbicides are one of the common-used pesticide groups all over the world. They are used for prevention from pests and getting more and healthy agricultural products. Pendimethalin (N-(1-ethylpropyl)-3,4- dimethyl-2,6-dinitrobenzenamine) is a synthetic, selective dinitroaniline herbicide primarily
used to control grasses and certain broadleaf weeds
[41, 42].
POD has been considered to be an important
antioxidant enzyme that could utilize a wide range of
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methalin was verified. In the present study we observed that the highest POD activity was determined
as 3.20 U/ mg-1 protein in the 0.01 M treatment group
at 72 h in Dinçer and as 2.28 U/ mg-1 protein in the
0.01 M treatment group at 42 h in Remzibey
(p<0.05) (Fig. 1). The lowest APX activity was determined in the control groups in Dinçer and
Remzibey. The highest APX activity was determined
as 2. U/ mg-1 protein in the 0.01 M treatment group
at 72 h in Dinçer and as 1.87 U/ mg-1 protein in the
0.01 M treatment group at 42 h in Remzibey
(p<0.05) (Fig. 2).

electron donors to convert H2O2 to water. Additionally, it also has been reported that POD could help to
improve mechanical protection in plant tissues exposed to chemicals or other kinds of stress [43, 44].
Chao et al. [45] reported that the increase of POD
activity in the leaves of wheat (   L.)
may be caused by H2O2 produced from sources other
than SOD after acetochlor application. The increased
expression of APX in plants has been demonstrated
during different stress conditions [7, 8]. Langaro et
al. [46] showed that a higher activity of the enzyme
APX in rice crops treated with oxadiazon and pendi
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The different lower case letters indicate significant differences (p<0.05) among the different concentration of pendimethalin
according to Duncan’s test.
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The different lower case letters indicate significant differences (p<0.05) among the different concentration of pendimethalin
according to Duncan’s test.
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according to Duncan’s test.
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The different lower case letters indicate significant differences (p<0.05) among the different concentration of pendimethalin
according to Duncan’s test.

SOD has been extensively researched and
largely metabolized to produced superoxide radicals,
providing an inducible activity under oxidative stress
conditions [12]. Catalase catalyzes the decomposition of H2O2 to the much less reactive products oxygen and water. Jiang et al. [43] reported that SOD,
APX, CAT and POD activity was triggered when the
plant was exposed to 20 mg kg−1 atrazine or less in
   (L.) K. Schum. Similar results have been reported in corn and rice under atrazine exposure [3, 47]. Boukehili et al [48] reported
that the bryophytes of the genus  (
) were treated in hydroponic conditions with
125, 250, 500, 1000 and 1500 mg/L of two herbicides (Zoom and Sencorate) for 3, 7 and 14 days.
Their results showed a decrease in the GSH level.

Regarding the CAT and APX, they showed low activity of these enzymes seems insignificant for the
majority of time reflecting the high tolerance of this
species to pollutants. Nohatto et al. [49] reported that
after the herbicides application, [bentazon (photosystem II inhibitor; 960 g ha-1), penoxsulam (acetolactate synthase inhibitor; 60 g ha-1), cyhalofop-butyl
(acetyl coenzyme-A carboxylase inhibitor; 315 g
ha-1)] samples of rice shoots were collected at 12, 24,
48 and 96 hours after application (HAA). Bentazon
(up to 24 HAA) and penoxsulam (48 and 96 HAA)
reduced the CAT activity. Moreover, these herbicides increased the levels of SOD activity, indicating
a condition of oxidative stress in rice plants. In our
study, The SOD activity increased in all treatment
groups compared to the control groups in Dinçer and
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in Remzibey. The highest SOD activity was determined as 11.13 μmol min-1 mg-1 protein in the 0.01
M treatment group at 72 h in Dinçer and as 9.76 μmol
min-1 mg-1 protein in the 0.007 M treatment group at
42 h in Remzibey (p<0.05) (Fig. 3). In Dinçer and
Remzibeyleaves, CAT activity demonstrated an increase at 24, 48 and 72 hours due to the increased
concentrations in the pendimethalin application
groups compared with that in the control group. The
highest CAT activity was determined in the group in
which 0.01 M application was undertaken at 72 hour
in Dinçer and at 48 h in Remzibey (p<0.05) (Fig. 4).
GSH is a versatile antioxidant that can directly
scavenge ROS and participate in the AsA- GSH cycle [50]. GR catalyzes GSSG back to GSH at the expense of NADPH. It maintains the balance of between GSH and ascorbate pools [51]. A number of
abiotic stresses have been shown to affect the activity of GR in plants [8, 52]. GSTs in plants were identified first and were intensively studied because of



their ability to detoxify herbicides, and individual
GSTs conferring herbicide tolerance were characterized from most major crop species [53, 54]. Nabiha
et al. [41] reported that the increase in GSH content
accompanied with great induction of GST activity in
wheat (  Desf.) cultivar Wercenis, the
opposite pattern of response observed in wheat ( 
  L.) cultivar HD1220. GST in Wercenis was greatly enhanced by chevalier at 0.9, 1.2 and
1.5 mg/pot treatment. On the other hand HD1220
GST activity was significantly elevated by chevalier
at 1.5, 2, and 2.5 mg/pot. It was determined that the
GSH content increased in the treatment groups compared to the control groups. The highest GSH content
was determined in the 0.007 M treatment group as
2.96 μmol min-1 mg-1 protein at 48 h in Dinçer and in
the 0.01 M treatment group as 3.12 μmol min-1 mg-1
protein at 48 h in Remzibey. No significant difference was determined between Remzibey and Dinçer
in terms of GSH contents (p<0.05) (Fig. 5).
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The different lower case letters indicate significant differences (p<0.05) among the different concentration of pendimethalin
according to Duncan’s test.
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The different lower case letters indicate significant differences (p<0.05) among the different concentration of pendimethalin
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according to Duncan’s test.

increased depending on the increasing herbicide concentrations in Dinçer and Remzibey. GR activity decreased in Dinçer and Remzibey at 72 h (Fig 5-7).
The phenolic content of plants may contribute
directly to their antioxidant action. It was determined
that the total phenolic content increased in the treatment groups compared to the control groups in
Dinçer. The highest total phenolic content was determined in the 0.01 M treatment group as 3.02 µg/g at
24 h in Dinçer. In Remzibey the lowest total phenolic
content was determined in the 0.004 M treatment
group as 1.32 µg/g at 72 h. Total phenolic content
decreased at 48 and 72 hours in Dinçer and
Remzibey (p<0.05) (Fig.8).

The GR activity increased depending on the increasing herbicide concentrations in Dinçer. The
highest GR activity was determined in the group in
which 0.01 M application was undertaken at 48 hour
in Remzibey (p<0.05) (Fig. 6). The GST activity increased depending on the increasing herbicide concentrations. The highest GST activity was observed
in the 0.01 M treatment group as 0.157 μmol min-1
mg-1 protein at 72 h in Dinçer. It was determined that
the GST activity increased in the treatment groups
compared to the control groups in Remzibey. GST
activity was higher in Dinçer than in Remzibey at 72
h (p<0.05) (Fig. 7). In the present study no significant difference was found between Remzibey and
Dinçer in terms of GSH content. The GST activity
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The different lower case letters indicate significant differences (p<0.05) among the different concentration of pendimethalin
according to Duncan’s test.
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The different lower case letters indicate significant differences (p<0.05) among the different concentration of pendimethalin
according to Duncan’s test.
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High density oil-based drilling fluid can reduce
the emulsion dispersion capacity due to high solid
phase content, thus, resulting in the complex situation of drilling fluid stratification and settlement instability presenting and suspension instability, which
can make the rheological property of drilling fluid
hard to control, causing sinking card drilling and
other underground accidents. Therefore, the steadystate dispersion capacity is vital to high density oilbased drilling fluid. In this study, a multi-light scattering instrument (AGS) was used to continuously
test the change of scattered light at different in high
density oil-based drilling fluid, and the comprehensive stability of oil-based drilling fluid in different
time was obtained. The test method was simple and
the data repetition rate was high. The influence of
different density, different saturated NaCl, CaCl2 solution and CaSO4 pollution on the stability of oilbased drilling fluid were tested. The experiment results show that with the same density, the micro instable phenomena of high density oil-based drilling
fluid were that sinking solid phase particles of
weighting agent caused clarification on the top of
drilling fluid, and the solid phase agglomerated at the
bottom of cuvette, especially, the closer to the cuvette bottom is, the agglomeration more obvious is.
With the gradual increase of density (2.0 g/cm3-2.6
g/cm3), the comprehensive stability of drilling fluid
got better, which indicated that the increase of solid
phase was not the main reason for causing the instability of drilling fluid, but it had a relationship with
emulsified wetting system in drilling fluid. Increasing the concentration of saturated NaCl had little influence on drilling fluid, but when increasing the
concentration of CaCl2 (5%-25%), the stability of
system reduced. In terms of the insoluble CaSO4
solid phase particles, when its concentration below
12%, increasing content made the stability declined.
However, when its concentration up to 15%, its stability was improved. When CaSO4 increased to a
certain extent, the viscosity of the whole oil-based
drilling fluid system improved, the settlement ability
decreased, and the stability improved.






"'%#('#"
Drilling deep well, extradeep well, especially
thick rock paste formation placed higher density,
stronger well wall stability and better capacity of
high temperature resistance on drilling fluid. Oilbased high drilling fluid has obvious advantages in
well wall stability, cancellation performance, capacity of high temperature resistance and anti-salt resistance to calcium pollution [1]. The Anjihaihe Formation and Ziyizuizu Formation, which were located
in front of the south margin of Quasigeer Basin, are
mud and mudstone formations. Its formation pore
pressure and temperature are high. The density of
oil-based drilling fluids generally exceed 2.3 g/cm3
and the highest density is up to 2.65 g/cm3 [2-3]. Due
to the high mass fraction of solid materials such as
weighting agents in high-density oil-based drilling
fluids is possibly up to 70% in drilling fluid systems,
when applied in the flied, the high density oil-based
drilling fluid need to add a lot of emulsifiers, wetting
agents and tackifiers to ensure that the weighting material suspended in the system dispersion, furthermore, the high content of the weight of the solid
phase of the drilling fluid in deep well under high
temperature fluidity deterioration, weighting agent
encountering formation water invasion and settlement, leading to loss of fluid rheology control [4-5].
The latest study shows that although higher density
iron ore powder and micro-manganese powder can
make the weighting materials reduce the solid content of high-density oil-based drilling fluids and be
benefit to improve the stability of oil-based drilling
fluids [6-7]. Iron ore is magnetic and has a high hardness, the drill, drill and pump wear seriously; micromanganese source of raw materials are little, expensive, special preparation process. Therefore, in the
field application of high density oil-based drilling
fluids, API barites with a density of 4.20-4.35g/cm3
and a particle size distribution of 25-75 mm are commonly used to increase drilling fluid density [8]. Oilbased drilling fluid stability is generally determined

1149

%$

" &    







 " #!"!


by the following three factors [9-10]: (1) emulsification stability, which depends crucially on the characteristics of surfactants and high temperature stability,
and with other treatment agent Compatibility: (2)
Suspension stability; Mainly determined by the oil
wettability of the weighting agent and the composition of the water phase in the oil-in-water drilling
fluid; (3) For the salt paste formation. Drilling fluid
invasion is also a major factor that stabilizes oilbased drilling fluids. The conventional evaluation
method is to test the emulsion stability by measuring
the emulsion voltage of the oil-based drilling fluid
and the density difference of the upper, middle and
lower parts of the drilling fluid when standing for a
certain period of time. However, the demulsification
voltage is an indirect reaction that has the characteristics of a water- Liquid transient stability, can not
respond to the stability of the drilling fluid for a long
time, the test method by density difference is cumbersome, the accuracy is not high, it is difficult to
determine the overall stability of the oil-based drilling fluid. In this study, the stability of high density
oil-based drilling fluid was studied by using multiple
light scattering (AGS) to continuously test the
change of scattered light intensity at different time of
high-density oil-based drilling fluid.

15ml 25% CaCl2 solution + 4 % Wetting agent
HZCOT + 0.5% organic soil HFGEL-120 + 3% fluid
loss FC-TROL150 + 1.5% calcium oxide + 3% filming agent CZ-1 + barite heavier, oil to water ratio 95:
5. Multiple Light Scattering (AGS): Beijing Longdi
Sen Technology Co., Ltd. Six-speed rotary viscometer, hot roller furnace, etc.: Qingdao Haitong Special Instrument Co., Ltd.
D<2>692:@.8$>6:06<82.:1!2@5;1D<2>
692:@.8<>6:06<82AGS uses near-infrared light as a
light source, with a transilluminator and a backscattered light detector. The light source and the transmitted light detector and the backscattered light detection detector make up the measuring probe. The
measurement probe is measured every 40 μm from
the bottom of the cell to the top of the cell. The measurement of the cell from bottom to top is called a
scan. With the change of time, the transmitted light
and backscattered light will change due to the instability of the sample, which indicates that the particle
size and / or concentration of the sample particles
have changed [11]. The AGS can scan at a predesigned time to display spectral profiles at different
sweep times on the same graph for comparison [1].
The drilling fluid in the sample cell is divided into a
clear liquid layer, a sediment layer and an intermediate layer. With the prolongation of standing time, the
transmitted light in the upper part of the sample cell
gradually increased, and the region with weaker
backscattered light intensity was in the clear liquid
layer, indicating the clear liquid appeared in the upper part of the suspension. It indicates that the concentration of solid phase increases with the sedimentation of the particles. The intermediate layer between the supernatant layer and the sedimentation
layer is shown in Fig.2.

+$%!"' 

!.@2>6.8?.:1:?@>A92:@?Oil-based drilling
fluid formulation materials: Emulsifier: Jiahua main
milk (HIEMUL-1) and secondary milk (HZCOMAT-2), Jingzhou Ka Wah company; organic soil:
Zhejiang Feng Hong (HFGEL-120) HZCOT) and
film-forming agent CZ-1, Jingzhou Feihong Chemical Co., Ltd.; fluid loss control (FC-TROL150):
Guanghan Fok and other companies; barite
weighting agent (density 4.3 g/cm3): PetroChina
Beijing Drilling Institute. Oxygen-based drilling
fluid formula: 0 Diesel oil + 3% main milk HIEMUL-1 + 0.2% secondary milk HZCOMAT-2 +


D<2>692:@.892@5;1High-density oil-based
drilling fluid preparation: According to “Oil and Gas
Industry Drilling Fluid Laboratory Test - GB / T
29170-2012” standard [12] for the preparation, and
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the drilling fluid aging (180 °C × 24h), and then
packing into a small vial for further testing; oil-based
drilling fluid stability measurement. First, the multilight scatterometer (AGS) is switched on to preheat,
wash and dry the measuring cell containing the sample; slowly pour the oil-based drilling fluid (180°C ×
24 h) into the 20ml measuring cell to the mark Leak),
the test tube into the instrument, and open the instrument with the included software interface, enter the
scan parameters, scanning scan every 30min 24h, the
test temperature of 25°C, and then began to scan,
measuring the settlement stability of drilling fluid
within 24 h; Stability Dynamic Index (TSI) Calculation: Stability Kinetic Index A pure mathematical
difference formula that reflects the sum of the concentration of oil-based drilling fluid samples over
time and the variation in particle size. The larger the
range of change, the greater the stability kinetic index, the more unstable the system. The formula is as
follows:

 =





() −




 −1



are analyzed by backscattering after repeated scanning. An oil-based drilling fluid with a density of
2.0g /cm3, 2.2 g /cm3, 2.3 g /cm3, 2.5 g /cm3, 2.55 g
/cm3, 2.6 g /cm3. The samples were placed in a multilight scatterometer cell for dynamic scanning and the
dynamic back-scattered light intensity was recorded.
The left part of the graph's abscissa represents the
bottom of the cell and the right image represents the
top of the cell. The scan is set in the reference mode
(i.e. the data displayed is the difference between
multiple scans and first scan). The ordinate is the
change of light intensity, the light intensity increases
to be positive, on the contrary, the light intensity decreases to be negative. The first scan is blue, the last
scan is red.
As can be seen from Figure 3: For the same
density of oil-based drilling fluid, then with the scan
time increases, the bottom of the sample cell
backscattered light intensity value is reduced, indicating the sample pool at the bottom of the phenomenon of agglomeration, which is mainly Oil-based
drilling fluid solid phase heavier materials have a
small amount of sinking phenomenon, while the intermediate light intensity changes little, indicating
that the middle part of the emulsion is very stable,
the top of the sample cell scanning slightly increased
the light intensity, indicating that the oil-based drilling fluid Emulsion instability occurs with clear liquid precipitation. With the increase of the density
(2.0g/cm3-2.6g/cm3), the light intensity at the bottom
of the sample cell decreased but the sedimentation
layer became thinner and thinner, indicating that the

( )
(1)

%&( '&"&(&&#"

2:?6@E 05.:42? ;: @52 ?@./686@E ;3 1>6886:4
38A61 The oil-based drilling fluid contains a large
amount of solid particles such as heavy materials,
and the solid particles have a high concentration and
the particle diameter is over 2000 nm. The samples
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density increased oil-based drilling fluid not only has
good settling stability but also is more stable It can
also be seen from the stability index in Figure 4 that
the more the density increases the more stable the



oil-based drilling fluid emulsion. This is not consistent with the generally observed decrease in the
stability of oil-based drilling fluids due to increased
density [12], when the density of the oil-based drilling fluid increases, the content of the solid phase will
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become the higher, the emulsification of the emulsifier and the wetting will become the better, the viscosity of the liquid phase of the oil-based drilling increases, solid phase settling ability in the drilling
fluid is reduced.

&.@A>.@21 ".8 .8  ?;8A@6;: <;88A@6;:
;:@52?@./686@E;3;68/.?211>6886:438A61Visible
from Figure 5: the same concentration of saturated
NaCl solution contaminated oil-based drilling fluid

with time increases, the sample backscattering light
intensity changes with the same density conditions
over time similar to the law, indicating saturated
NaCl solution Polluted oil-based drilling fluid at the
bottom of a small amount of settlement, the middle
part of the dispersion stability, the top of the phase
separation phenomenon. The results showed that
there was no significant difference in the light intensity after saturated with NaCl solution of different
concentrations.

".8

".8
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The density of sedimentation particles and the water
phase is reduced, and the difference between the
density of sedimentation particles and the water
phase is reduced. It will flocculate with some of the
polymers in the oil-based drilling fluid system, and
the oil-based drilling fluid emulsion is more unstable.

Similarly, the stability index curve in Fig. 6
also shows that the saturated NaCl solution has little
effect on the stability of oil-based drilling fluids. Salt
solution can increase the water-in-oil emulsion water-phase viscosity, making the emulsion oil-water
phase density closer to, and thus more stable. (Fig.
3) showed that the lower middle layer of oil-based
drilling fluid sample after NaCl pollution is an overall density change, and there is no thin and thick sediment layer on the bottom. However, the closer the
light intensity decreases to the bottom of the bottle,
the more likely it is that the interaction between the
settled particles of the oil-based drilling fluid (agglomeration) is related to the concentration, i.e. the
concentration of the lower layer gradually increases
and the particles are more agglomerated. As can be
seen from the stability index in Fig. 7, the increase
of CaCl2 concentration has a great influence on the
stability of oil-based drilling fluid emulsions. CaCl2
is a divalent metal ion, indicating that dissolution of
CaCl2 in water increases the water phase in the oil-

3320@ ;3 ?.@A>.@21 .&# ?;8A@6;: ;: @52
?@./686@E;3;68/.?211>6886:438A61It can be seen
from Fig. 8 that the oil-based drilling fluid contaminated with CaSO4 at the same concentration changes
with the increase of light intensity at the bottom of
the sample cell over time, indicating that the bottom
of the oil-based drilling fluid has agglomeration, the
middle part is relatively stable. This shows that the
increase of CaSO4 oil-based drilling fluid stability
has a certain impact. With the increase of CaSO4
concentration, the sediment layer at the bottom of the
sample pool becomes thicker, and the closer the bottom light intensity declines, the more the interaction
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between the settled particles of oil-based drilling
fluid (agglomeration) is related to the concentration,
i.e., the gradual increase in the concentration of the
lower layer causes the particles to aggregate easily.
As can be seen from the stability index in Fig. 9, the
increase of CaSO4 concentration has a great influ-

ence on the stability of oil-based drilling fluid emulsions. CaSO4 is a poorly soluble solid phase particle.
The increase of solid phase particles leads to the decrease of stability, Unstable When the concentration
of CaSO4 is lower than 12%, the law is similar to that
of CaCl2. When the concentration of CaSO4 is more
than 15%, the stability declines again. It can be seen
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No.2011ZX05017-002) sub-topics ultra-deep horizontal well drilling fluid technology (Grant
No.2011ZX05017-002-HZ07) and Innovation and
entrepreneurship training program for undergraduate
in Hubei Province: Research on the new type of high
density oil based drilling fluid weighted by ilmenite.(Grant No.2017100).

that the high concentration of CaSO4 decreases the
stability of the oil-based system.
#" (&#"

(1) Multiple light scattering is a new method to
evaluate the stability of high-density oil-based drilling fluids. The method can continuously and dynamically evaluate the density change of high-density
oil-based drilling fluids and the stability of oil-based
drilling fluids after being contaminated by sodium
chloride, calcium chloride and calcium sulfate. Over
time, the stability of high-density oil-based drilling
fluids is characterized by the intensity of scattered
backscattered light at the bottom, middle and top of
the sample cell. The sedimentation of the oil-based
drilling fluid can be evaluated by repeated scanning
for agglomeration and sedimentation, emulsion stability, Sub-phase analysis of fluid characteristics.
(2) With the increase of density (2.0g/cm32.6g/cm3) with the increase of density of oil-based
drilling fluid, the light intensity at the bottom of sample cell decreases but the thickness of sediment decreases, which shows that the density increase of oilbased drilling fluid not only has good Settling stability and more stable.
(3) Backscattered light intensity curve shows
that saturated NaCl solution has little effect on the
stability of oil-based drilling fluid; the increase of
saturated CaCl2 concentration will reduce the stability of oil-based drilling fluid emulsion.
(4) The curve of backscattered light intensity
shows that the increase of CaSO4 concentration has
a more complex effect on the stability of the oilbased drilling fluid emulsion. When the concentration of insoluble CaSO4 solid phase particles is below 12%, the stability decreases with the increase of
CaSO4 concentration. However, when the concentration reached 15%, the stability was decreased. When
the solid phase was increased to a certain extent, the
viscosity of the whole oil-based drilling fluid system
increased, the sedimentation ability decreased and
the stability improved.
(5) Because the oil-based drilling fluid is a water-in-oil emulsion, the basic principle of the multiple light scattering method is that the migration of
particles (emulsion particles) affects the light scattering intensity to judge the stability. Therefore, Liquid emulsifier selection and evaluation, weighting
agent selection, density change, pollution performance continuous dynamic evaluation.
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The most important direct GHG emissions are
caused by chemical fertilizer use, which represent
around 20% and 30% of the total GHG emissions
from large and small farms, respectively [2]. Several
management practices are studied to mitigate the
annual GHG release including tillage improvement,
precision farming practices, crop nutrition, land
grazing, livestock, and manure management. The
limited resources of energy in addition to the high
dependency of agriculture on fossil fuels have led
researchers to evaluate energy use efficiency of
different crops in different regions. More efficient
use of energy inputs will result in lower GHG
emissions and environmental footprints, and
consequently, more sustainable food production
systems [3].
In 2015 [4], agricultural activities were
responsible for emissions of 57.40 Mt CO2-eq or
12.10% of total greenhouse gas emissions in Turkey.
Agricultural activities come third after the energy
and industrial sectors. CH4, N2O, and CO2 were the
primary greenhouse gases emitted by agricultural
activities. 78.4% of N2O emissions, 59.3% of CH4
emissions and 0.2% of CO2 emissions were caused
by agricultural activities.
Several studies on determination of GHG
emission have been concentrated generally on
worldwide production of field crops such as barley
[5], chickpea [6], corn silage [5], cotton [7, 8, 9], rice
[10, 11, 12, 13], sugar beet [14], sunflower [15],
wheat [5,16] and etc. The aims of this study were to
calculate total GHG emissions and the GHG ratios of
eleven different plants production (barley, chickpea,
corn, cotton, lentil, lupine, rice, sugar beet,
sunflower, vetch and wheat) in the different
locations of Turkey.

The greenhouse gas emission is a major
concern in Turkey. On the other hand, agriculture
plays a key role in environmental impacts in this
country, because this sector is both a producer and
consumer of energy as well as it can increase or
reduce the environmental impacts. This study was
conducted in order to determine GHG emissions for
eleven different plants production (barley, chickpea,
corn, cotton, lentil, lupine, rice, sugar beet,
sunflower, vetch and wheat) in the different
provinces of Turkey. For this purpose, the initial data
was collected from references. The results indicated
that total GHG emissions for eleven different fruits
(barley, chickpea, corn, cotton, lentil, lupine, rice,
sugar beet, sunflower, vetch and wheat) production
were calculated as 2516.20 kgCO2-eqha–1, 2000.75
kgCO2-eqha–1, 2453.82 kgCO2-eqha–1, 3215.20
kgCO2-eqha–1, 1994.86 kgCO2-eqha–1, 3725.31
kgCO2-eqha–1, 8847.09 kgCO2-eqha–1, 4742.69
kgCO2-eqha–1, 2348.20 kgCO2-eq ha–1, 1933.61
kgCO2-eq ha–1, 4098.93 kgCO2-eqha–1 respectively.
The GHG ratios were calculated as 0.41 kgCO2-eqkg–
1
, 1.16 kgCO2-eqkg–1, 0.04 kgCO2-eqkg–1, 0.56 kgCO2–1
–1
–1
eqkg , 1.23 kgCO2-eqkg , 5.07 kgCO2-eqkg , 1.01
–1
–1
kgCO2-eqkg , 0.07 kgCO2-eqkg , 0.04 kgCO2-eqkg–1,
0.09 kgCO2-eqkg–1, 0.78 kgCO2-eqkg–1 respectively.


)(!#$
GHG emissions,GHG ratioplants, Turkey

 %#!&%! 
A greenhouse gas (sometimes abbreviated as
GHG) emission is a gas in an atmosphere that
absorbs and emits radiation within the thermal
infrared range [1]. The GHG emissions are divided
into two as anthropogenic and natural source.
Agricultural activities contribute directly to
anthropogenic GHG emissions that come from
several sources such as machinery, diesel fuel,
chemical fertilizers, biocides and electricity.

%#$ %!$
This study is made up of agricultural inputs and
outputs of references in Table 1.
The GHG emissions (kgCO2-eqha–1) associated
with the inputs to growing 1 ha of plant were
calculated as following adapted Hughes et al. [28].
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and third ranks. So, better agricultural management
in terms of seed can lead to barley production with
lower GHG emissions in location.

(1)

∑ where ( ) is the application rate of input 
(unitinput ha−1) and EF( ) is the GHG emission
coefficient of input  (kgCO2-equnitinput−1). Table 2
lists GHG emission coefficients of agricultural
inputs.

% 
#./.:.6,.;+.6./2<.-/7:*0:2,=4<=:*48:7-=,<276
":7-=,<;
Barley
Chickpea
Corn
Cotton
Lentil
Lupine
Rice
Sugar beet
Sunflower
Vetch
Wheat

Moreover, an index is defined to evaluate the
amount of emitted kgCO2-eq per kg yield as following
adapted Houshyar et al. [3] and Khoshnevisan [29].







 


(2)

Where IGHG is GHG ratio and Y is the yield as
kg per ha.

7,*<276
Thrace Region
Adıyaman
Thrace Region
Adıyaman
Adıyaman
Bingöl
Kırklareli
Kırklareli
Thrace Region
Kırklareli
Aksaray

#./.:.6,.;
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]

12,38.* 8:7-=,<276 The results of GHG
emission of chickpea production for Adıyaman
Province in Turkey are shown in Table 4. The total
GHG emissions were calculated as 2000.75 kgCO2–1
eqha . In similar a study, Elhami et al. [6] calculated
the total GHG emission of chickpea production in
Esfahan province of Iran was about 6884.14 kg CO2–1
eqha . The distribution of different inputs in total
GHG emissions is illustrated in Figure 1. The results
showed that the share of seed in total GHG emissions
was the highest (68.64%), nitrogen fertilizer (9.05%)
and diesel fuel (8.76%) held the second and third
ranks. So, better agricultural management in terms of
seed can lead to chickpea production with lower
GHG emissions in location.

#$&%$ $&$$! 

 .52;;276; *:4.@ 8:7-=,<276 The
results of GHG emission of barley production for
Thrace Region in Turkey are shown in Table 3. The
total GHG emissions were calculated as 2516.20
kgCO2-eqha–1. In similar a study, Mohammadi et al.
[5] calculated the total GHG emission of barley
production in North Iran was about 1105.70 kgCO2–1
eqha . The distribution of different inputs in total
GHG emissions is illustrated in Figure 1. The results
showed that the share of seed in total GHG emissions
was the highest (58.01%), nitrogen fertilizer
(29.88%) and diesel fuel (6.64%) held the second


% 
:..617=;.0*;.52;;276,7.//2,2.6<;7/*0:2,=4<=:*4268=<;
68=<;
Human labour
Machinery
Nitrogen (N)
Phosphate (P2O5)
Potassium (K2O)
Pesticides
Diesel fuel
Water of irrigation
Electricity (for Turkey)
Sulphur
Seed
Transportation

&62<
h
MJ
kg
kg
kg
kg
L
m3
MJ
kg
kg
ton km

,7.//2,2.6<30!
0.700
0.071
4.570
1.180
0.640
13.900
2.760
0.170
0.167
0.370
7.630
0.150

.9&62<





#./.:.6,.;
[30]
[31]
[32]
[32]
[32]
[32]
[33]
[2]
[32]
[34]
[33]
[35]

% 
:..617=;.0*;.52;;276;7/268=<;26+*:4.@8:7-=,<276
68=<;
Human labour
Machinery
Nitrogen (N)
Phosphate (P2O5)
Pesticides
Diesel fuel
Seed
Total GHG Emission

&62<
h
MJ
kg
kg
kg
L
kg

68=<=;.-8.:*:.*&62<1* 
25.80
1244.16
164.54
7.64
1.60
60.50
191.30
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52;;276;30!
18.06
88.34
751.95
9.02
22.24
166.98
1459.62
2516.20

.91*






0.72
3.51
29.88
0.36
0.88
6.64
58.01
100.00
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:..617=;.0*;.52;;276;7/268=<;26,12,38.*8:7-=,<276
68=<;
Human labour
Machinery
Nitrogen (N)
Phosphate (P2O5)
Pesticides
Diesel Fuel
Seed
Total GHG Emission

&62<
h
MJ
kg
kg
kg
L
kg

68=<=;.-8.:*:.*&62<1* 
67.10
1230.39
39.60
101.20
1.25
63.50
180.00

52;;276;30!
46.97
87.36
180.97
119.42
17.38
175.26
1373.40
2000.75

.91*






2.35
4.37
9.05
5.97
0.87
8.76
68.64
100.00


%
:..617=;.0*;.52;;276;7/268=<;26,7:68:7-=,<276
68=<;
Human labour
Machinery
Nitrogen (N)
Phosphate (P2O5)
Sulphur
Pesticides
Diesel Fuel
Water of irrigation
Seed
Total GHG Emission

&62<
h
MJ
kg
kg
kg
kg
L
m3
kg

68=<=;.-8.:*:.*&62<1* 
145.20
457.81
67.10
44.00
50.00
1.25
50.99
9375.00
25.00

52;;276;30!
101.64
32.50
306.65
51.92
18.50
17.38
140.73
1593.75
190.75
2453.82

.91*






4.14
1.32
12.50
2.12
0.75
0.71
5.74
64.95
7.77
100.00


7<<76 8:7-=,<276 The results of GHG
emission of cotton production for Adıyaman
Province in Turkey are shown in Table 6. The total
GHG emissions were calculated as 3215.20 kgCO2–1
eqha . The total GHG emissions of cotton production
in Iran were calculated about 2075.50 kg CO2-eqha–1
[9], 1430.18 kg CO2-eqha–1 [8], 1195.25 kg CO2-eqha–
1
[7] in other similar studies. The distribution of
different inputs in total GHG emissions is illustrated
in Figure 1. The results showed that the share of
water of irrigation in total GHG emissions was the
highest (35.69%), human labour (25.06%) and
machinery (16.85%) held the second and third ranks.
So, better agricultural management in terms of water
of irrigation can lead to cotton production with lower
GHG emissions in location.

7:6 8:7-=,<276 The results of GHG
emission of corn production for Thrace Region in
Turkey are shown in Table 5. The total GHG
emissions were calculated as 2453.82 kgCO2-eqha–1.
In similar a study, Mohammadi et al. [5] calculated
the total GHG emission of corn silage production in
North Iran was about 2882.20 kgCO2-eqha–1. The
distribution of different inputs in total GHG
emissions is illustrated in Figure 1. The results
showed that the share of water of irrigation in total
GHG emissions was the highest (64.95%), nitrogen
fertilizer (12.50%) and seed (7.77%) held the second
and third ranks. So, better agricultural management
in terms of water of irrigation can lead to corn
production with lower GHG emissions in location.
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.6<24 8:7-=,<276 The results of GHG
emission of lentil production for Adıyaman Province
in Turkey are shown in Table 7. The total GHG
emissions were calculated as 1994.86 kgCO2-eqha–1.
The distribution of different inputs in total GHG
emissions is illustrated in Figure 1. The results
showed that the share of seed in total GHG emissions
was the highest (51.64%), diesel fuel (14.46%) and
machinery (12.80%) held the second and third ranks.
So, better agricultural management in terms of seed
can lead to lentil production with lower GHG
emissions in location.

and machinery (9.08%) held the second and third
ranks. So, better agricultural management in terms of
seed can lead to lupine production with lower GHG
emissions in location.
#2,.8:7-=,<276The results of GHG emission
of rice production for Kırklareli Province in Turkey
are shown in Table 9. The total GHG emissions were
calculated as 8847.09 kgCO2-eqha–1. In similar a
study, Arunrat and Pumijumnong [13] calculated the
total GHG emission of rice production in Northeast
Thailand was about 3090 kgCO2-eqha–1. The
distribution of different inputs in total GHG
emissions is illustrated in Figure 1. The results
showed that the share of water of irrigation in total
GHG emissions was the highest (58.85%), seed
(19.40%) and nitrogen fertilizer (8.52%) held the
second and third ranks. So, better agricultural
management in terms of water of irrigation can lead
to rice production with lower GHG emissions in
location.

=826. 8:7-=,<276 The results of GHG
emission of lupine production for Bingöl Province in
Turkey are shown in Table 8. The total GHG
emissions were calculated as 3725.31 kgCO2-eqha–1.
The distribution of different inputs in total GHG
emissions is illustrated in Figure 1. The results
showed that the share of seed in total GHG emissions
was the highest (61.44%), human labour (11.05%)


%
:..617=;.0*;.52;;276;7/268=<;26,7<<768:7-=,<276
68=<;
&62< 68=<=;.-8.:*:.*&62<1*  52;;276;30! .91* 
Human labour
h
1151.16
805.81
Machinery
MJ
7628.34
541.61
Nitrogen (N)
kg
83.90
383.42
kg
24.00
28.32
Phosphate (P2O5)
Diesel Fuel
L
52.35
144.49
Water of irrigation
m3
6750.00
1147.50
Seed
kg
21.50
164.05
Total GHG Emission
3215.20

%
:..617=;.0*;.52;;276;7/268=<;264.6<248:7-=,<276
68=<;
&62< 68=<=;.-8.:*:.*&62<1*  52;;276;30! .91* 
Human labour
h
205.56
143.89
Machinery
MJ
3596.40
255.34
Nitrogen (N)
kg
38.00
173.66
Phosphate (P2O5)
kg
66.50
78.47
Pesticides
kg
1.80
25.02
Diesel fuel
L
104.50
288.42
Seed
kg
135.00
1030.05
Total GHG Emission
1994.86
%
:..617=;.0*;.52;;276;7/268=<;264=826.8:7-=,<276
68=<;
&62< 68=<=;.-8.:*:.*&62<1*  52;;276;30!
Human labour
h
588.24
411.77
Machinery
MJ
4764.09
338.25
Nitrogen (N)
kg
57.37
262.18
Phosphate (P2O5)
kg
101.47
119.73
Diesel Fuel
L
110.28
304.37
Seed
kg
300.00
2289.00
Total GHG Emission
3725.31
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25.06
16.85
11.93
0.88
4.49
35.69
5.10
100.00


7.21
12.80
8.71
3.93
1.25
14.46
51.64
100.00


11.05
9.08
7.04
3.21
8.17
61.44
100.00
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68=<;
Human labour
Machinery
Nitrogen (N)
Phosphate (P2O5)
Potassium (K2O)
Sulphur
Pesticides
Diesel Fuel
Water of irrigation
Seed
Total GHG Emission

&62<
h
MJ
kg
kg
kg
kg
kg
L
m3
kg

68=<=;.-8.:*:.*&62<1* 
173.55
3894.56
165.00
60.00
60.00
120.00
2.00
214.00
30625.00
225.00

52;;276;30!
121.49
276.51
754.05
70.80
38.40
44.40
27.80
590.64
5206.25
1716.75
8847.09

.91*






1.37
3.13
8.52
0.80
0.43
0.50
0.31
6.68
58.85
19.40
100.00

% 
:..617=;.0*;.52;;276;7/268=<;26;=0*:+..<8:7-=,<276
68=<;
Human labour
Machinery
Nitrogen (N)
Phosphate (P2O5)
Potassium (K2O)
Pesticides
Diesel Fuel
Water of irrigation
Electricity
Seed
Total GHG Emission



&62<
h
MJ
kg
kg
kg
kg
L
m3
MJ
kg

68=<=;.-8.:*:.*&62<1* 
2260.09
3785.76
213.00
105.00
42.00
1.10
128.50
4015.00
4090.46
4.20

52;;276;30!
1582.06
268.79
973.41
123.90
26.88
15.29
345.66
682.55
683.11
32.05
4742.69


.91*




33.36
5.67
20.52
2.61
0.57
0.32
7.48
14.39
14.40
0.68
100.00

% 
:..617=;.0*;.52;;276;7/268=<;26;=6/47?.:8:7-=,<276
68=<;
Human labour
Machinery
Nitrogen (N)
Phosphate (P2O5)
Potassium (K2O)
Pesticides
Diesel Fuel
Water of irrigation
Seed
Total GHG Emission

&62<
h
MJ
kg
kg
kg
kg
L
m3
kg

68=<=;.-8.:*:.*&62<1* 
251.64
673.90
103.50
37.50
37.50
4.50
77.86
7500.00
4.00


$=0*: +..< 8:7-=,<276 The results of GHG
emission of sugar beet production for Kırklareli
Province in Turkey are shown in Table 10. The total
GHG emissions were calculated as 4742.69 kgCO2–1
eqha . In similar a study, Yousefi et al. [14]
calculated the total GHG emission of sugar beet
production in Iran was about 9847.77 kg CO2-eqha–1.
The distribution of different inputs in total GHG
emissions is illustrated in Figure 1. The results
showed that the share of human labour in total GHG
emissions was the highest (33.36%), nitrogen
fertilizer (20.52%) and electricity (14.40%) held the
second and third ranks. So, better agricultural
management in terms of human labour can lead to
sugar beet production with lower GHG emissions in
location.


52;;276;30!
176.15
47.85
473.00
44.25
24.00
62.55
214.89
1275.00
30.52
2348.20

.91*






7.50
2.04
20.14
1.88
1.02
2.66
9.15
54.30
1.30
100.00

$=6/47?.: 8:7-=,<276 The results of GHG
emission of sunflower production for Thrace Region
in Turkey are shown in Table 11. The total GHG
emissions were calculated as 2348.20 kgCO2-eqha–1.
In similar a study, Spugnoli et al. [15] calculated the
total GHG emission of sunflower production in
Siena Province of Italy was about 1919.70 kg CO2-eq
ha–1. The distribution of different inputs in total
GHG emissions is illustrated in Figure 1. The results
showed that the share of water of irrigation in total
GHG emissions was the highest (54.30%), nitrogen
fertilizer (20.14%) and diesel fuel (9.15%) held the
second and third ranks. So, better agricultural
management in terms of water of irrigation can lead
to sunflower production with lower GHG emissions
in location.
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'.<,1 8:7-=,<276 The results of GHG
emission of vetch production for Kırklareli Province
in Turkey are shown in Table 12. The total GHG
emissions were calculated as 1933.61 kgCO2-eqha–1.
The distribution of different inputs in total GHG
emissions is illustrated in Figure 1. The results
showed that the share of seed (vetch + support plant)
in total GHG emissions was the highest (73.07%),
diesel fuel (9.48%) and nitrogen fertilizer (9.14%)
held the second and third ranks. So, better
agricultural management in terms of seed can lead to
vetch production with lower GHG emissions in
location.

emissions were calculated as 4098.43 kgCO2-eqha–1.
In similar a study, Mohammadi et al. [5] calculated
the total GHG emission of wheat production in North
Iran was about 1171.10 kgCO2-eqha–1. In other a
study, Mondani et al. [16] calculated the total GHG
emission of wheat production in Kermanshah
province of Iran was about 3184.40 kgCO2-eqha–1 for
irrigated agroecosystems and 553.10 kg CO2-eqha–1
for dryland agroecosystems. The distribution of
different inputs in total GHG emissions is illustrated
in Figure 1. The results showed that the share of seed
in total GHG emissions was the highest (46.22%),
nitrogen fertilizer (19.00%) and water of irrigation
(14.66%) held the second and third ranks. So, better
agricultural management in terms of seed can lead to
wheat production with lower GHG emissions in
location.

(1.*< 8:7-=,<276 The results of GHG
emission of wheat production for Aksaray Province
in Turkey are shown in Table 13. The total GHG


% 
:..617=;.0*;.52;;276;7/268=<;26>.<,18:7-=,<276
68=<;
Human labour
Machinery
Nitrogen (N)
Phosphate (P2O5)
Diesel Fuel
Vetch Seed
Support Plant Seed*
Total GHG Emission
* Barley

&62<
h
MJ
kg
kg
L
kg
kg

68=<=;.-8.:*:.*&62<1* 
68.80
1490.40
38.69
5.62
66.40
144.68
40.50

52;;276;30!
48.16
105.82
176.81
6.63
183.26
1103.91
309.02
1933.61






2.49
5.47
9.14
0.34
9.48
57.09
15.98
100.00






0.45
0.62
19.00
2.62
0.06
0.41
4.05
14.66
11.70
0.19
46.22
100.00

.91*

% 
:..617=;.0*;.52;;276;7/268=<;26?1.*<8:7-=,<276
68=<;
Human labour
Machinery
Nitrogen (N)
Phosphate (P2O5)
Sulphur
Pesticides
Diesel Fuel
Water of irrigation
Electricity
Transportation
Seed
Total GHG Emission

&62<
h
MJ
kg
kg
kg
kg
L
m3
MJ
t km
kg

68=<=;.-8.:*:.*&62<1* 
26.50
358.61
170.42
90.96
7.10
1.22
60.08
3534.79
2871.93
53.05
248.28

52;;276;30!
18.55
25.46
778.82
107.33
2.63
16.97
165.82
600.91
479.61
7.96
1894.38
4098.93

.91*

% 
%7<*4.52;;276;@2.4-;*6-:*<27;7/-2//.:.6<84*6<;8:7-=,<276;26%=:3.@
":7-=,<;
Barley
Chickpea
Corn
Cotton
Lentil
Lupine
Rice
Sugar beet
Sunflower
Vetch
Wheat

52;;276;30!
2516.20
2000.75
2453.82
3215.20
1994.86
3725.31
8847.09
4742.69
2348.20
1933.61
4098.43

.91*





)2.4-301* 
6080
1730
67035
5700
1620
735
8750
68000
60500
22500
5238
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0.41
1.16
0.04
0.56
1.23
5.07
1.01
0.07
0.04
0.09
0.78

.930
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%7<*4.52;;276*6-:*<277/-2//.:.6<84*6<;8:7-=,<27626%=:3.@
758*:2;76*6-:*<27;The results of
comparison of different plants productions in Turkey
are shown Table 14 and Figure 2. The total GHG
emissions were calculated between 1933.61-8847.09
kgCO2-eqha–1. The lowest value was determined for
vetch production and the highest value determined
for rice production. The GHG ratios were calculated
between 0.04-5.07 kgCO2-eqkg-1. The lowest value
was determined for corn and sunflower production
and the highest value determined for lupine
production. In similar studies, the GHG ratios were
determined 3.03 kgCO2-eqkg-1 [6] for chickpea; 1.50
kgCO2-eqkg-1 [10]; 1.01 kgCO2-eqkg-1 [11]; 2.97-5.55
kgCO2-eqkg-1 [12]; 0.97 kgCO2-eqkg-1 [13] for rice;
0.15 kgCO2-eqkg-1 [14] for sugar beet; 0.102 kgCO2-1
[15]; 0,390 kgCO2-eqkg-1 (rainfed), 0,650
eqkg
kgCO2-eqkg-1 (irrigated) [36] for sunflower; 0.680 kg
CO2-eqkg–1 (at irrigated agroecosystem [16]), 0.381
kg CO2-eqkg–1 (at dryland agroecosystem [16]) for
wheat.


! &$! $

of water of irrigation in total GHG emissions was the
highest (64.95%, 35.69%, 58.85%, 54.30%,
respectively) for corn, cotton, rice and sunflower
production.
- The results of the distribution of different
inputs in total GHG emissions showed that the share
of human labour in total GHG emissions was the
highest (33.36%) for sugar beet production.
- The results of GHG ratio indicated that the
lowest value (0.04 kgCO2-eqkg–1) was determined for
corn and sunflower production and the highest value
(5.07 kgCO2-eqkg–1) determined for lupine
production.
- Reducing seed, water of irrigation and human
labour are the most important ways in different
plants production in the research regions in Turkey.
For this purpose, human labour efficiency (to reduce
the human labour used), the efficiency of the use of
irrigation water and fuel efficiency (to reduce the
diesel fuel consumption) are recommended.
- GHG emissions should be determined in
production of all agricultural products in Turkey.


## $

Based on the results of this study, following
conclusions are drawn:
- The results of total GHG emission indicated
that the lowest value (1933.61 kgCO2-eqha–1) was
determined for vetch production and the highest
value (8847.09 kgCO2-eqha–1) determined for rice
production.
- The results of the distribution of different
inputs in total GHG emissions showed that the share
of seed in total GHG emissions was the highest
(58.01%, 68.64%, 51.64%, 61.44%, 73.07, 46.22,
respectively) for barley, chickpea, lentil, lupine,
vetch and wheat production.
- The results of the distribution of different
inputs in total GHG emissions showed that the share
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    M.Bieb seeds were subjected to moist-cold (4ºC) stratifications for different periods (0, 30, 40, 50, 60, 70, 80, 90, and 100
days), gibberellic acid (GA3) (0, 250, 500, 750,
1000, 1500, and 2000 ppm), potassium nitrate
(KNO3) (0, 5 mM, 10mM, and 15mM), calcium
chloride (CaCl2) (0, 5 mM, 10 mM, and 15 mM)
treatments and  ! germinations in different
nutrient media (MS, B5, and WH) to break seed
dormancy. Treated seeds were germinated at 15ºC
under two different photoperiod regimes (continuous dark and 16/8 hours light/dark). The greatest
rate of germination was obtained from a combination of 100-day moist-cold stratification + continuous dark photoperiod (73.30%). For mean germination rates, the 5 mM dose of KNO3 (10.00%) and
CaCl2 (3.33%) treatments yielded better outcomes
than the other doses. The same treatments were also
more successful in emergence parameters. With
regard to germination and emergence parameters,
positive outcomes were not able to be achieved
from  ! germination treatments in different
nutrient media and GA3 treatments.


are used in different ways for the treatment of several diseases [4]. The extracts obtained through
smashing the leaves are used in the remedy of fungal diseases and eczema; the boiled juice of the
roots are used for diabetes, hepatitis, liver disorders,
atrophic gastritis, acne, and fractures [5, 6].
    M.Bieb seeds have dormancy, i.e., germination is not possible under normal conditions. Seed-propagation of  
requires quite a long period (4-6 years) from sowing till flowering. Therefore, culture studies of 
have not been achieved as yet. Efficient
dormancy breaking methods should be identified
for seeds. In a previous study investigating the effects of different treatments on germination of  , the greatest rate of germination was reported for 90-day stratification treatments (65.3%) and the shortest mean germination
time (4.34 day) was reported for 100-day stratification treatments [7].
Rahmanpour et al. [8] reported the greatest
germination rate (53.3%) and speed in 
 seeds was for seeds with cortexes removed and
washed with 35% sodium hypochlorite solution,
then soaked in water for 1-2 days; for the seeds
with cut-end and placed in 0.01 M GA3 and 50
mg/L citric acid solution for 45 minutes and at 1015ºC germination temperatures. Öztürk and Pirdal
[9] achieved the greatest germination rate in 
  !  Bioth L. seeds from 15 ºC temperature, 6 hours light/18 hours dark photoperiods,
and 1 M sucrose treatments. In this study, the effects of different treatments in breaking seed dormancy of    , a wild species
belonging to family, were investigated.


$"#$ #

!3(5: 4(:,80(3 (5+ 9:,8030?(:065 6- 9,,+9
Figure 1 presents in-situ original photos of 
 M.Bieb plants (Figure 1a-d), fruits (Figure 1e-f) and seeds (Figure 1g-h). In the present
experiments,   M.Bieb seeds collected
from Gürpınar town (Kirkgecit village) of Van
province in the Eastern Anatolia region of Turkey
were used. To remove fungal disease agents, the
seeds were placed in 0.3% benomyl solution for an
hour, then washed through distilled water and 


'& "#
    M.Bieb., germination, emergence,
dormancy, seed



$" %$ 

    belongs to the 
() family and is known by the common names of ‘ciris’, ‘gulluk’, ‘wild leek’, and
‘yellow lily’. It is a perennial, herbaceous wild
species [1].    species are widespread in
Central Asia and the Middle East [2]. Fresh shoots
and leaves are consumed as vegetables. Aboveground sections are also used in Van herby cheese,
and leaves and roots are dried, ground, and sold as a
medicinal plant [3]. Besides nutritional attributes,
  species play significant roles in human health. Plants are quite rich in Na (148.7
mg/kg), K (15798.0 mg/kg), P (6497.4 mg/kg), Mg
(1986.7 mg/kg), Ca (8769.1 mg/kg), Mn (48.9
mg/kg), Cu (11.6 mg/kg) and Zn (69.7mg/kg), and
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!3(5:96-0,)3,(<,9()866:9(5+8/0?64,9*-36=,89+-8;0:9,-(5+
9,,+9./!/6:6.8(7/9$;5*,8(5+,9205,8

,8405(:065:8,(:4,5:9Treated seeds were
geminated in a climate chamber at 15ºC temperature and with 2 different photoperiods regimes
(continuous dark and 16/8 hours light/dark) until
optimum germination was achieved. Germination
(GR) and emergence (ER) ratios (%), mean germination (MGT), and emergence (MET) time (day)
were determined. About 2 mm radicle elongation
was taken as the basis for germination, and the
period in which the cotyledon leaves laid fully
parallel to the ground was taken as the basis for
emergence. The following equations were used to
calculate relevant parameters [14, 15, 16, 17]:
(GR) (ER) (%) = (G/T) x 100
(MGT) (MET) (day) = [(1.day G x 1. day) + (2. day
G x 2.day) +…+ (n.day G x n.day)] / Total G
G=germinated or emerged seed number; T=total
number of seeds

#:(:09:0*(3(5(3>909Each treatment had 3 replications with 25 seeds (3x25) in each replication.
The resulting data were subjected to variance analysis in accordance with randomized plots experimental design. Significance level was considered as
5%. SPSS (v.13) statistical software was used for
statistical analyses.
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63+4609: 9:8(:0-0*(:065 :8,(:4,5:9 The
results of cold-moist (4ºC) stratification treatments
for different durations (0, 30, 40, 50, 60, 70, 80, 90,
and 100 days) are given in Table 1. Germination
rates varied between 0.00-73.30%. There were
significant differences in germination rates (GR)

placed into distilled water for an hour. In the second
stage of sterilization, the seeds were taken into
sterile cabins and placed into Tween 20 containing
10% sodium hypochlorite solution for 10 minutes,
then washed through bi-distilled water three times
for 5 minutes each time.

#,,+ +684(5*> )8,(205. :8,(:4,5:9 Seeds
were subjected to different treatments to break
dormancy. In GA3 treatments, the seeds were
placed into 0, 250, 500, 750, 1000, 1500, and 2000
ppm solutions for 24 hours. Cold-moist stratification treatments were applied in glass petri dishes.
For this purpose, two layers of filter paper were
placed beneath the petri dishes, and drying papers
were moistened with 5 ml bi-distilled water. Following sowing of the seeds, the petri dishes were
closed, then placed in polyethylene bags and kept at
4ºC for various increments, including 30, 40, 50,
60, 70, 80, 90, and 100 days. The drying papers
were remoistened as moisture content decreased. In
the groups receiving potassium nitrate (KNO3) and
calcium chloride (CaCl2) treatments, the seeds were
moistened with a control (15 ml bi-distilled water),
5, 10, or 15 mM of KNO3 or CaCl2 solution in petri
dishes with two-layers of filter papers until optimum germination was achieved [10]. In  !
germinations in different nutrient media, sterilized
seeds were germinated in hormone-free or 1500
ppm GA3 including MS [11], B5 [12] and WH [13]
media. About 7 g/L of agar was added to all media
as a hardener, and 50 mg/L of citric acid was added
to prevent browning in the tissue. While sucrose
was supplemented with MS (30 g/L), and B5 (20
g/L) media, WH medium was not supplemented
with sucrose.
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and mean germination times (MGT) of stratification
durations, stratification duration x photoperiod
interactions, and photoperiods (p<0.05). The greatest germination rates were obtained from 100 days
+ dark (73.30%) and 100 days + 16/8 hours
light/dark combinations (70.00%), which were
placed in the same statistical group (Table 1).
Considering the germination rates of stratification durations, the greatest value was obtained from
100-day (71.60%) stratification duration, and it was
followed by 90-day (45.00%) and 80-day (41.60%)
stratification durations, respectively, which were
also placed in the same statistical group. The germination rates were quite low for stratification
durations lower than 50 days, so these treatments
were found to be ineffective (Table 1). Mean germination (MGT) and emergence times (MET) varied respectively between 0.00-20.00 days and between 0.00-23.30 days. These times exhibited an
irregular distribution independent from the stratification durations. The same treatments of 100-day
(73.30%), 90-day (45.00%), and 80-day (41.60%)
stratification durations were also found to be successful in emergence rates. The differences in

emergence rates of cold-moist stratification treatments are presented in Figure 2.
Cold-moist stratification treatments are commonly used to break seed dormancy of perennial
plants [18]. Gungor [7] reported the greatest germination rate in  seeds for 90-day stratification treatments and the shortest mean germination time for 100-day stratification treatments. Our
present findings align with those earlier ones.
!6:(990;4 50:8(:,   :8,(:4,5:9 Effects of different KNO3 doses on germination and
emergence of  are provided in Table 2.
The differences between the doses, photoperiods
and dose x photoperiod interactions were found to
be significant (p<0.05). Germination rates varied
between 0.00 – 13.30% and emergence rates varied
between 0.00–4.00%. The greatest germination
(13.30%) and emergence rates (4.00%) were obtained from 5 mM KNO3 + dark combinations.
Mean germination times varied between 0-60 days
and the mean emergence times varied between 043.33 days (Table 2).

$ 
647(809656-.,8405(:065(5+,4,8.,5*,7(8(4,:,896-9;)1,*:,+:6*63+4609:
9:8(:0-0*(:065:8,(:4,5:9
Treatment

Photoperiod
Continuous Dark
16/8 h (light/dark)

GR (%)
MGT (day)
ER (%)
MET (day)
0.00 ± 0.00 g
0.00 ± 0.00 j
0.00 ± 0.00 h
0.00 ± 0.00 h
Control
0.00 ± 0.00 g
0.00 ± 0.00 j
0.00 ± 0.00 h
0.00 ± 0.00 h
Average
0.00 ± 0.00 F
0.00 ± 0.00 F
0.00 ± 0.00 F
0.00 ± 0.00 F
Continuous Dark
1.66 ± 0.33 g
20.00 ± 8.66 a
16.60 ± 5.77 e
23.30 ± 2.88 a
30-day
16/8 h (light/dark)
3.33 ± 0.57 g
10.16 ± 2.46 cd
3.33 ± 1.15 h
9.67 ± 1.42 e
Average
2.50 ± 1.04 F
15.08 ± 7.80 A
10.00 ± 2.2 E
16.50 ± 7.21 A
Continuous Dark
0.00± 0.00 g
0.00 ± 0.00 j
0.00 ± 0.00 h
0.00 ± 0.00 h
40-day
16/8 h (light/dark)
1.66 ± 0.33 g
5.00 ± 1.00 f-i
1.66 ± 0.33 h
8.00 ± 1.0 ef
Average
0.83 ± 0.70 F
2.50 ± 1.60 EF
0.83 ± 0.01 F
4.00 ± 1.77 E
Continuous Dark
10.00 ± 2.10 f
16.00 ± 2.00 b
10.00 ± 4.80 fg
19.60 ± 0.33 b
50-day
16/8 h (light/dark)
20.00 ± 5.00 e
3.66 ± 1.15 g-j
5.00 ± 1.80 gh
6.50 ± 1.32 f
Average
15.00 ± 7.42 E
9.83 ± 4.91 B
7.50 ± 2.18 E
13.08 ± 7.26 B
Continuous Dark
28.30 ± 2.88 d
4.57 ± 0.98 f-i
28.30 ± 2.88 d
8.00 ± 1.10 ef
60-day
16/8 h (light/dark)
13.30 ± 2.88 f
3.22 ± 0.14 g-j
13.30 ± 2.88 ef
7.05 ± 1.08 f
Average
20.80 ± 8.50 D
3.90 ± 1.00 DE
20.83 ± 8.61 D
7.53 ± 1.06 D
Continuous Dark
33.30 ± 2.88 d
6.44 ± 0.60 d-h
33.30 ± 2.88 d
14.06 ± 0.16 c
70-day
16/8 h (light/dark)
31.60 ± 2.88 d
5.81 ± 0.18 e-h
31.6 ± 2.89 d
8.47 ± 0.60 ef
Average
32.50 ± 2.73 C
6.12 ± 0.66 CD
32.50 ± 2.88 C
13.06 ± 1.41 B
Continuous Dark
51.60 ± 2.88 b
1.49 ± 0.18 ij
51.60 ± 5.77 b
6.99 ± 0.08 f
80-day
16/8 h (light/dark)
31.60 ± 2.88 d
2.30 ± 0.05 h-j
31.60 ± 2.89 d
6.75 ± 0.25 f
Average
41.60 ±2.44 B
1.89 ± 0.29 EF
41.60 ± 10.2 B
6.87 ± 0.15 D
Continuous Dark
50.00 ± 5.00 b
8.64 ± 0.02 d-f
50.00 ± 5.00 b
12.05 ± 1.33 d
90-day
16/8 h (light/dark)
40.00 ± 4.20 c
12.75 ± 1.73 bc
40.00 ± 5.10 c
4.42 ± 0.05 g
Average
45.00 ± 6.32 B
10.70 ± 2.40 B
45.00 ± 7.07 B
6.45 ± 2.24 D
Continuous Dark
73.30 ± 5.77 a
7.30 ± 0.01 d-g
73.30 ± 5.77 a
9.44 ± 1.35 e
100-day
16/8 h (light/dark)
70.00 ± 5.00 a
9.31 ± 0.94 c-e
68.3 ± 2.88 a
9.10 ± 1.29 e
Average
71.60 ± 5.16 A
8.30 ± 1.27 BC
70.83 ± 4.91 A
9.27 ± 1.11 C
Continuous Dark
27.60 ± 4.45 1
7.16 ± 2.51 1
29.26 ± 8.22 1
9.99 ± 2.56 1
Photoperiod Average.
16/8 h (light/dark)
23.50 ± 3.31 2
5.80 ± 2.09 2
21.66 ± 5.67 2
7.06 ± 1.22 2
Different capital letters in the same column indicate the differences among the treatments, different numbers indicate the
differences among photoperiods and different small letters indicate significant the differences between treatment x photoperiod interactions (p<0.05).
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+
$ 
647(809656-.,8405(:065(5+,4,8.,5*,7(8(4,:,896-9;)1,*:,+:6
Treatment

:8,(:4,5:9

Photoperiod
Continuous Dark
16/8 h (light/dark)

GR (%)
MGT (day)
ER (%)
MET (day)
0.00 ± 0.00 d
0.00 ± 0.00 d
0.00 ± 0.00 c
0.00 ± 0.00 c
Control
0.00 ± 0.00 d
0.00 ± 0.00 d
0.00 ± 0.00 c
0.00 ± 0.00 c
Average
0.00 ± 0.00 B
0.00 ± 0.00 C
0.00 ± 0.00 C
0.00 ± 0.00 C
Continuous Dark
13.30 ± 2.30 a
27.36 ± 3.42 b
4.00 ± 1.23 a
19.00 ± 4.21 b
5 mM
16/8 h (light/dark)
6.66 ± 1.33 b
60.00 ± 4.21 a
2.66 ± 1.15 b
43.33 ± 9.17 a
Average
10.00 ± 3.22 A
43.68 ± 9.22 A
3.33 ± 1.02 A
31.16 ± 7.42 A
Continuous Dark
0.00 ± 0.00 d
0.00 ± 0.00 d
0.00 ± 0.00 c
0.00 ± 0.00 c
10 mM
16/8 h (light/dark)
1.33 ± 1.15 cd
26.60 ± 8.22 b
0.00 ± 0.00 c
0.00 ± 0.00 c
Average
0.66 ± 0.12 B
13.33 ± 4.25 B
0.00 ± 0.00 C
0.00 ± 0.00 C
Continuous Dark
2.66 ± 1.33 c
18.33 ± 2.88 c
2.66 ± 0.96 b
23.33 ± 5.63 b
15 mM
16/8 h (light/dark)
0.00 ± 0.00 d
0.00 ± 0.00 d
0.00 ± 0.00 c
0.00 ± 0.0 c
Average
1.33 ± 1.15 B
9.16 ± 2.14 B
1.33 ± 0.45 B
11.66 ± 3.53 B
Photoperiod Continuous Dark
4.00 ± 1.23 1
11.42 ± 2.34 1
1.66 ± 0.11 1
10.58 ± 2.89 1
2
2
2
Average.
16/8 h (light/dark)
2.00 ± 0.01
21.60 ± 3.53
0.66 ± 0.33
10.83 ± 3.12 2
Different capital letters in the same column indicate the differences among the treatments, different numbers indicate the
differences among photoperiods and different small letters indicate significant the differences between treatment x photoperiod interactions (p<0.05).

regime (Table 3). CaCl2 treatments are also applied
to stimulate germination of dormant seeds and the
rate of success usually varies with the species. Farzami Sepeher and Ghorbanli [10] achieved better
outcomes from CaCl2 treatments than from KNO3
treatments for wild rhubarb (   L.) seeds
and reported the greatest germination rate for 10
mM and 5 mM CaCl2 treatments. In our study, 5
mM dose was found to be more successful. Although different species used in present experiments, contrary to the findings of Farzami Sepeher
and Ghorbanli [10], better outcomes were achieved
from KNO3 treatments than from CaCl2 treatments
both for germination and emergence parameters.

Gungor [7] was not able to achieve germination of   seeds with 0.2% KNO3 treatments. Contrary to Gungor [7], promising outcomes
were achieved for germination and emergence of 
 with 5 mM KNO3 dose in present study.
In another study, 50% germination was achieved in
wild rhubarb (    L.) seeds with 10 mM
KNO3 treatments [10].
(3*0;4 */3680+, (3  :8,(:4,5:9 Considering the effects of CaCl2 treatments on parameters, the greatest germination (4.00%) and emergence rates (4.00%) were obtained from the same
dose (5 mM) and continuous dark photoperiods
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$ 
647(809656-.,8405(:065(5+,4,8.,5*,7(8(4,:,896-9;)1,*:,+:6(3 :8,(:4,5:9
Treatment
Control
Average
5 mM
Average
10 mM
Average
15 mM
Average
Photoperiod
Average.

Photoperiod
Continuous Dark
16/8 h (light/dark)
Continuous Dark
16/8 h (light/dark)
Continuous Dark
16/8 h (light/dark)
Continuous Dark
16/8 h (light/dark)
Continuous Dark
16/8 h (light/dark)

GR (%)
0.00 ± 0.00 d
0.00 ± 0.00 d
0.00 ± 0.00 C
4.00 ± 0.10 a
2.66 ± 1.33 b
3.33 ± 1.13 A
0.00 ± 0.00 d
2.66 ± 1.33 b
1.33 ± 0.01 B
1.33 ± 0.33 c
1.33 ± 0.33 c
1.33 ± 0.01 B
1.33 ± 0.01 1
1.66 ± 0.02 1

MGT (day)
0.00 ± 0.00 d
0.00 ± 0.00 d
0.00 ± 0.00 B
8.33 ± 1.52 b
6.66 ± 2.88 c
7.50 ± 2.25 A
0.00 ± 0.00 d
18.33 ± 2.88 a
9.16 ± 2.13 A
5.33 ± 1.15 c
13.33± 5.77 a
9.33 ± 2.25 A
3.42 ± 1.11 1
9.58 ± 2.10 2

ER (%)
0.00± 0.00 c
0.00 ± 0.00 c
0.00 ± 0.00 C
4.00 ± 1.00 a
1.33 ± 0.33 b
2.66 ± 1.62 A
0.00 ± 0.00 c
0.00 ± 0.00 c
0.00 ± 0.00 C
1.33 ± 0.33 b
0.00 ± 0.00 c
0.66 ± 0.33 B
1.33 ± 1.10 1
0.33 ± 0.21 2

MET (day)
0.0 0± 0.00 d
0.00 ± 0.00 d
0.00 ± 0.00 C
21.33 ± 2.31 a
11.66 ± 2.88 b
16.50 ± 5.78 A
0.00 ± 0.00 d
0.00 ± 0.00 d
0.00 ± 0.00 C
8.66 ± 2.31 c
0.00 ± 0.00 d
4.33 ± 1.41 B
7.50 ± 3.41 1
2.92 ± 1.01 2

Different capital letters in the same column indicate the differences among the treatments, different numbers indicate the differences among
photoperiods and different small letters indicate significant the differences between treatment x photoperiod interactions (p<0.05).


$ 
647(809656-.,8405(:065(5+,4,8.,5*,7(8(4,:,896-9;)1,*:,+:6 :8,(:4,5:9
Treatment
Control
Average
250 ppm
Average
500 ppm
Average
750 ppm
Average
1000 ppm
Average
1500 ppm
Average
2000 ppm
Average
Photoperiod
Average.

Photoperiod
Continuous Dark
16/8 h (light/dark)
Continuous Dark
16/8 h (light/dark)
Continuous Dark
16/8 h (light/dark)
Continuous Dark
16/8 h (light/dark)
Continuous Dark
16/8 h (light/dark)
Continuous Dark
16/8 h (light/dark)
Continuous Dark
16/8 h (light/dark)
Continuous Dark
16/8 h (light/dark)

GR (%)
0.00 ± 0.00 b
0.00 ± 0.00 b
0.00 ± 0.00 C
0.00 ± 0.00 b
0.00 ± 0.00 b
0.00 ± 0.00 C
1.33 ± 0.12 a
0.00 ± 0.00 b
0.66 ± 0.33 B
1.33 ± 0.10 a
1.66 ± 0.21 a
1.33 ± 1.02 A
0.00 ± 0.00 b
1.00 ± 0.20 a
0.66 ± 0.33B
0.00 ± 0.00 b
0.00 ± 0.00 b
0.00 ± 0.00 C
0.00 ± 0.00 b
0.00 ± 0.00 b
0.00 ± 0.00 C
0.38 ± 0.22 1
0.38 ± 0.22 1

MGT (day)
0.00 ± 0.00 c
0.00 ± 0.00 c
0.00 ± 0.00 C
0.00 ± 0.00 c
0.00 ± 0.00 c
0.00 ± 0.00 C
20.00 ± 5.20 a
0.00 ± 0.00 c
10.00 ± 2.50 A
10.00 ± 3.20 b
20.00 ± 4.20 a
15.00 ± 6.32 A
0.00 ± 0.00 c
8.33 ± 2.11 b
4.16 ± 1.21 B
0.00 ± 0.00 c
0.00 ± 0.00 c
0.00 ± 0.00 C
0.00 ± 0.00 c
0.00 ± 0.00 c
0.00 ± 0.00 C
4.28 ± 2.31 1
4.76 ± 1.92 1

ER (%)
0.00 ± 0.00 c
0.00 ± 0.00 c
0.00± 0.00 B
0.00 ± 0.00 c
0.00 ± 0.00 c
0.00 ± 0.00 B
1.33 ± 0.33 a
0.00 ± 0.00 c
0.66 ± 0.01 A
0.00 ± 0.0 c
0.00 ± 0.00 c
0.00 ± 0.00 B
0.00 ± 0.00 c
0.66 ± 0.33 b
0.33 ± 0.01 A
0.00 ± 0.00 c
0.00 ± 0.00 c
0.00 ± 0.00 B
0.00 ± 0.00 c
0.00 ± 0.00 c
0.00 ± 0.00 B
0.19 ± 0.01 1
0.19 ± 0.01 1

MET (day)
0.00 ± 0.00 c
0.00± 0.00 c
0.00 ± 0.00 C
0.00 ± 0.00 c
0.00 ± 0.00 c
0.00 ± 0.00 C
8.00 ± 2.00 b
0.00 ± 0.00 c
4.00 ± 1.00 B
0.00± 0.00 c
0.00 ± 0.00 c
0.00 ± 0.00 C
0.00± 0.00 c
13.30 ± 3.21 a
6.66 ± 1.67 A
0.00 ± 0.00 c
0.00 ± 0.00 c
0.00 ± 0.00 C
0.00 ± 0.00 c
0.00 ± 0.00 c
0.00 ± 0.00 C
4.28 ± 1.43 1
1.90 ± 0.21 2

Different capital letters in the same column indicate the differences among the treatments, different numbers indicate the differences among
photoperiods and different small letters indicate significant the differences between treatment x photoperiod interactions (p<0.05).

0)),8,330* (*0+   :8,(:4,5:9 In GA3
treatments, germination and emergence rates varied
respectively between 0.00-1.66% and between
0.00-1.33%; germination and emergence times
varied respectively between 0.00-20.00 days and
between 0.00-13.30 days (Table 4). Positive outcomes were reported for GA3 treatments on species
of different families [19, 20, 21]. Contrary to earlier
findings, single GA3 treatments of the present study
were not found to be effective in breaking dormancy of   seeds. Such a case may be re-

sulted from differences in species and more persistent dormancy of .
  .,8405(:065 :8,(:4,5:9 Positive
outcomes for germination and emergence were not
also achieved from  ! trials with different
growth media. Germination was not achieved on
the MS [11] and B5 [12] medium, but low rate
germination was obtained on WH medium [13].
(Table 5).
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$ 
647(809656-.,8405(:065(5+,4,8.,5*,7(8(4,:,896--68:8,(:4,5:9
Treatment
WH

Photoperiod
Continuous Dark
16/8 h (light/dark)

GR (%)
MGT (day)
ER (%)
MET (day)
0.00 ± 0.00 b
0.00 ± 0.00 c
0.00 ± 0.00 b
0.00 ± 0.00 c
1.66 ± 0.33 a
10.00 ± 1.50 b
0.00 ± 0.00 b
15.00 ± 5.00 b
Average
0.83 ± 0.11 B
5.00 ± 1.21 B
0.00 ± 0.00 B
7.50 ± 3.00 B
WH + GA3
Continuous Dark
1.66 ± 0.42 a
18.33 ± 2.88 a
1.66 ± 0.81 a
21.66 ± 2.88 a
16/8 h (light/dark)
1.33 ± 0.33 a
18.33 ± 3.51 a
1.66 ± 0.33 a
21.66 ± 2.88 a
Average
1.50 ± 0.30 A
18.33 ± 2.88 A
1.66 ± 0.33 A
18.33 ± 3.20 A
Photoperiod Continuous Dark
0.83 ± 0.12 1
9.16± 0.02 1
0.83 ± 0.15 1
10.83± 0.01 1
Average.
16/8 h (light/dark)
1.50 ± 0.24 2
14.16 ± 1.02 2
0.83 ± 0.15 1
18.33 ± 1.20 2
Different capital letters in the same column indicate the differences among the treatments, different numbers indicate the
differences among photoperiods and different small letters indicate significant the differences between treatment x photoperiod interactions (p<0.05).

 %# 

In present study, positive outcomes were not
achieved from GA3 treatments and ! trials in
breaking dormancy of   seeds. The
greatest success was achieved from cold-moist
stratification treatments and 5 mM KNO3 and
CaCl2 treatments also yielded promising outcomes.
The present study is a kind of preliminary study.
Further research is recommended to research the
effects of different applications and combinations
apart from the present cold-moist stratification and
promising treatments on seed dormancy, germination and emergence of dormant seeds. Combined
treatments may also reduce stratification durations
of   seeds requiring long-term coldmoist stratification durations.
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  L. is one of the 300 species
of the genus  from Lamiaceae family most
of which are found in the dry and stony places of
the hills and deserts of Mediterranean countries,
South Western Asia, Europe and North Africa.
Aerial parts of   collected from Beycik,
Antalya were subjected to water-distillation using a
Clevenger-type apparatus. The resulting essential
oil was analysed by GC-FID and GC-MS, simultaneously. Overall, fourty seven components were
characterized, where T-cadinol (21 %), α-cadinol
(8.8 %), α-pinene (8.7 %) and germacrene-B (8.7
%) were identified as major constituents. The essential oil was also screened against   standard
strains, where the minimal inhibitory concentrations
were determined using a microdilution method. All
tested pathogens inhibited by the oil between the
concentrations of 0,06 to 0,25 mg/mL (MIC). The
aim of the present work was to get a better
knowledge of the volatiles compounds and anticandidal activity of .

groups are terpenoids, flavonoids and iridoids. Over
220 diterpenes have been described, many of which
of interest for their insect-repellent and medicinal
properties. [7].   is an aromatic plant that
has been used for over 2000 years in traditional
medicine. It is well known for its diuretic, diaphoretic, antipyretic, antispasmodic, anti-inflammatory,
antihypertensive, antinociceptive and hypolipidemic
properties [8, 9].  oils have recently been
reported to exhibit antimicrobial [10] and antispasmodic [11] activities. Recently, cytotoxic and antimutagenic effects of ethanol and aqueous extracts
of  have been shown on various cell lines
[12, 13].
In recent studies, important differences were
found with regard to the major constituents of the
essential β-caryophyllene (29%) and farnesene
(13%) were the major compounds in the oil from
one population [7], whereas α-pinene, β-pinene,
linalool, carvacrol, β-caryophyllene and germacrene
D were the major constituents in the other sample
[14]. An Iranian study by Khani and Heydarian [5]
showed that the major components of oil
were α-cadinol (46.2%), caryophyllene oxide
(25.9%), α-muurolol (8.1%) and cadalene (3.7%).
The main aim of the present study was to determine the essential oil contents of  growing in Eskisehir ecological conditions and to carry
out an evaluation of its anticandidal activity with
their chemical composition.

*)"$%
Essential oil,Lamiaceae, 
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Lamiaceae which is a cosmopolitan family
consist of aromatic plants that contain the essential
oils usually a different composition with a high
amount and is used to food, drink and medicine [1,
2].  is a genus of perennial plants, the
largest of the Lamiaceae family in the Mediterranean area, which constitutes more than 300 species
widespread all around the world which is one of the
richest sources of neoclerodane diterpenes [3, 4].
Growth and yield of plants affected by ecological
factors and geographical location. Each of these
factors is effective on the quality and quantity of
plant metabolites. Essential oils are secondary metabolites produced by plants, especially in response
to climatic conditions [5, 6]. During the past years,
different classes of compounds have been isolated
from various parts of   of which the main

&$%! &"%
#5+7< 6+</:3+5 The aerial parts of T 
was collected from collected from Turkey, Antalya,
Beycik in October 2017.

;85+<38780<2/;;/7<3+5"35The aerial parts
of the plant were distilled for 3 h using a Clevengertype apparatus. The essential oil dried with anhydrous sodium sulphate and stored at +4°C in amber
vial.

 % 7+5?;3; The GC-MS analysis was
carried out with an Agilent 5975 GC-MSD system.
Innowax FSC column (60 m x 0.25 mm, 0.25 μm
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 7+5?;3; The GC analysis was carried
out using an Agilent 6890N GC system. FID detector temperature was 300°C. To obtain the same
elution order with GC-MS, simultaneous autoinjection was done on a duplicate of the same column applying the same operational conditions.
Relative percentage amounts of the separated compounds were calculated from FID chromatograms.
The analysis results are given in Table 1.

film thickness) was used with helium as carrier gas
(0.8 ml/min). GC oven temperature was kept at
60°C for 10 min and programmed to 220°C at a rate
of 4°C/min, and kept constant at 220°C for 10 min
and then programmed to 240°C at a rate of
1°C/min. Split ratio was adjusted at 40:1. The injector temperature was set at 250°C. Mass spectra
were recorded at 70 eV. Mass range was from !
35 to 450.


& 
&2/8698;3<38780<2/;;/7<3+5"3580  
$$
014
1032
1118
1132
1174
1188
1203
1218
1246
1266
1280
1290
1497
1535
1553
1600
1611
1612
1648
1650
1661
1668
1670
1677
1687
1695
1709
1726
1740
1755
1773
1776
1854
1900
1957
2000
2008
2080
2088
2096
2103
2131
2144
2187
2232
2255
2289



8698=7.
Tricyclene
α-Pinene
β-Pinene
Sabinene
Myrcene
α-Terpinene
Limonene
β-Phellandrene
( )-β-Ocimene
()-β-Ocimene
-Cymene
Terpinolene
α-Copaene
β-Bourbonene
Linalool
β-Elemene
Terpinen-4-ol
β-Caryophyllene
Myrtenal
β-Elemene
Alloaromadendrene
( )- β –Farnesene
 -Pinocarveol
-Zonarene
"Humulene
()- β –Farnesene
α-Terpinyl acetate
Germacrene-D
α-Muurolene
Bicyclogermacrene
δ-Cadinene
γ-Cadinene
Germacrene-B
-Cubebol
Cubebol
 -Sesquisabinene hydrate
Caryophyllene oxide
Cubenol
1--Cubenol
Elemol
Guaiol
Hexahydrofarnesyl acetone
Spathulenol
T-Cadinol
Bulnesol
α-Cadinol
Oxo-α-Ylangene
Monoterpene Hydrocarbons
Oxygenated Monoterpenes
Sesquiterpene Hydrocarbons
Oxygenated Sesquiterpenes
Others
&8<+5

RRI: Relative retention indices calculated against -alkanes % calculated from FID data
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4.0
3.2
2.5
0.5
1.0
0.2
0.1
0.5
2.4
0.3
0.7
0.5
0.3
0.6
1.3
1.2
0.2
0.6
0.4
0.6
0.4
0.4
1.0
1.0
0.7
2.3
0.6
0.5
4.7
2.9

0.6
1.0
0.6
0.9
0.8
1.4
0.8
1.1
0.6
1.0
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';/.;9/-3/;
     
     
   
   
  
    
  

$/0/:/7-/7=6,/:
ATCC 10231
ATCC 90028*
NRRL Y-12968
ATCC 750
NRRL Y-900
ATCC 22019
ATCC 6258

 "
0.12
0.25
0.25
0.12
0.06
0.25
0.12

6928</:3-37
0.25
0.5
0.25
0.25
0.06
0.25
0.5

/<8-87+@85/
0.06
0.03
0.03
0.03
0.06
0.03
0.06

*µg/mL

./7<303-+<387 80 86987/7<; Identification
of the essential oil components were carried out by
comparison of their relative retention times with
those of authentic samples or by comparison of
their relative retention index (RRI) to series of nalkanes. Computer matching against commercial
(Wiley GC/MS Library, MassFinder Software 4.0)
[15, 16] and in-house “Başer Library of Essential
Oil Constituents” built up by genuine compounds
and components of known oils.

7<3-+7.3.+5 -<3>3<? The essential oil was
examined against   standard strains using
the micro-dilution method against standard antimicrobial agents. Anticandidal assay was performed
according to CLSI M27-A2 reference protocol.
Amphotericin-B (Sigma-Aldrich) and Ketoconazole
(Sigma-Aldrich) were used as standard antifungals
[17]. Anticandidal activity results were shown in
Table 2.

An essential oil from Greece (subspecies not reported) was dominated by sesquiterpenes: α- and τcadinols, ()-β-caryophyllene and its oxide [21].
Another study on the essential oil of  from
Jordan the major components were determined as 8cedren-13-ol (24.8%), β-caryophllene (8.7%), germacrene D (6.8%) and sabinene (5.2%) [22]. Thirty-seven components were detected in the oil obtained from the aerial parts of Turkish  .
The major components were identified β-pinene
(18.0%), β-caryophyllene (17.8%), α-pinene (12%),
caryophyllene oxide (10.0%), myrcene (6.8%),
germacrene D (5.3%), limonene (3.5%) and spathulenol (3.3%) [23].
Overall, most studies on the oil composition of
  include α and β-pinenes as well as βcaryophyllene as major components. Various studies have shown significant antimicrobial activity of
 . Sarac and Ugur [24] investigated the
antimicrobial activity of   ethanol extract
against various test micro-organisms including
bacteria that are resistant to multiple antibiotics and
found activity against gram-positive bacteria, especially staphylococci. Ilhami et al. [25] examined the
activity of   acetone and chloroform extracts against eleven bacterial species and showed
that both extracts were effective against all test
organisms except for  . Stankovic et
al. [26] reported the antibacterial activity of twentyone crude extracts from seven taxa of the genus
 especially against    .
Hashem [27] determined that the -hexane extract
of   species showed low inhibitory effect
against most of the tested fungi with MIC values of
50–150 mg/ml (Hashem, 2011). Dababneh [28] was
to investigate the antimicrobial inhibitory effect of
ethanolic crude extracts obtained from  
and had no anticandidal effect at all tested concentrations. The antimicrobial effects of essential oil,
ethanol and aqueous extracts of  L.
subsp.    were tested against two opportunist pathogenic yeast (     ,  
  ) and determined minimal inhibitory concentration (MIC, mg/ml) of    
was found > 1 for essential oil of 
L. [29]. However, in our results     was
inhibited 0.12 mg/mL concentration while  
was strongly inhibited by the oil 0.06 mg/mL concentration. As species of  were little studied for their anticandidal activity of essential oils, it

$%'&%!%'%%"! 
Water distilled essential oil from the aerial
parts of   L. from Antalya, Beycik was
analyzed both by GC and GC-MS systems, simultaneously. Overall, forty seven components were
characterized, where T-cadinol (21 %), α-cadinol
(8.8 %), α-pinene (8.7 %) and germacrene-B (8.7
%) were identified as major constituents (Table 1).
The essential oil was also screened against  
standard strains, where the minimal inhibitory concentrations were determined using a microdilution
method. All tested pathogens inhibited by the oil
between the concentrations of 0,06 to 0,25 mg/mL
(MIC) (Table 2).    was strongly inhibited by the oil 0.06 mg/mL concentration.
Essential oils of  have been the subject of many studies. Depending on the species and
the plant origin, the yields of the essential oil (0.05–
1.5%) and the amounts of the main constituents
differ widely [18]. According to previous research
reports the chemical composition of   essential oils showed α-pinene (18.2%), elemol
(14.5%), β-pinene (10.1%) as major constituents
[19]. In another report on chemical composition of
the essential oil of  from Egypt contained
monoterpenes (myrcene, α-pinene, menthofuran,
ocimene, pulegone) as the major components [20].
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[3] Khani, A. and Heydarian, M. (2014) Fumigant
and repellent properties of sesquiterpene-rich
essential oil from  subsp.  
  (L.). Asian Pacific Journal of Tropical
Medicine. 7, 956-961.
[4] Sadeghia, H., Jamalpoorb, S. and Shirzadib,
M.H. (2014) Variability in essential oil of 
L. of different latitudinal populations. Industrial Crops and Products. 54, 130134.
[5] Maksimovic, M., Vidic, D., Milos, M., Solic,
M.E., Abadzic, S and Yakovlev-Siljak, S.
(2007) Effect of the environmental conditions
on essential oil profile in two Dinaric  
species:     Vandas and  
  L. Biochemical Systematics and Ecology.
35, 473-478. 
[6] Mohamadi, N. And Rajaei, P. (2016) Effects of
Different Ecological Condition on the Quality
and Quantity of Essential Oils of  
 Boiss. Populations from Kerman, Iran.
Journal of Essential Oil Bearing Plants. 19,
200-207.
[7] Raeia, F., Ashooria, N., Eftekhara, F. and
Yousefzadib, M. (2014) Chemical composition
and antibacterial activity of  
essential oil against urinary isolates of
    Journal of Essential Oil
Research. 26(1), 65-69.
[8] Galati, E.M., Mondello, M.R., D’Aquino, A.,
Miceli, N., Sanogo, R. and Tzakou, O. (2000)
Effects of    Heldr.ssp. divaricatum decoction on experimental ulcer in
rats. Journal of Ethnopharmacology. 72, 337–
342.
[9] Rasekh, H.R.K., Khoshnood, M.J., Kamalinejad, M., Shafaghi, M. and Khadem, G.
(2001) Hypolipidemic effects of  
 in rats. Fitoterapia. 72, 937–939.
[10]Thoppil, J.E., Minija, J., Tajo, A. and Deena,
M.J. (2001) Antimicrobial activity of 
  Gamble essential oil. Journal
of Natural Remedies. 1, 155–157.
[11]Hassan, M.M.A., Muhtadi, F.J. and Al-Badr,
A. (1979) Antispasmodic GLC-mass spectrometry of  essential oil. Journal
of Pharmaceutical Sciences. 68, 800–801.
[12]Khader, M., Eckl, P.M. and Bresgen, N. (2007)
Effects of aqueous extracts of medicinal plants
on MNNG-treated rat hepatocytes in primary
cultures. Journal of Ethnopharmacology. 112,
199–202.
[13]Nematollahi-Mahani,
S.N.,
RezazadehKermani, M., Mehrabani, M. and Nakhaee, N.
(2007) Cytotoxic effects of  
on some established cell lines. Pharmaceutical
Biology. 45, 295–298.

is difficult to compare our results with others. Further studies with the essential oil of   are
needed.
There are a number of reasons which can explain differences between the essential oil components of the same plant. These include the distribution of numerous subspecies, geographical locations
as well as the environmental physiological conditions [30]. Various factors, both endogenous and
exogenous can affect the composition of the essential oil of  . Several papers have reported
on the variation in the essential oil composition
induced by environmental, physiological and
edaphic factors which can induce changes in biosynthesis accumulation or metabolism of given
compounds of the essential oil [31]. From the above
findings it could be concluded that the tested plant
essential oils exhibit a broad spectrum of activity
against various microorganisms. These differences
could be attributed to structural nature of the microorganisms [32] and plant constituents. Earlier results support our findings that the composition of
essential oil depends on the plant species, the
chemotypes and the climatic conditions, which lead
to variation of their antimicrobial activities. Further
investigations to determine candidal effects are
recommended with emphasis on the identification
of the antimicrobial chemical constituents of these
commonly used medicinal plants.
"!'%"!
In summary, the aim of this study is to investigate the essential oil composition of the aerial parts
of and determine its anticandidal activity.
The GC/MS analysis results of the samples led to
identification of 47 compounds. Our results showed
that the number of components were different in the
other studies. The observed differences and variability of the essential oil of  of are likely
due to different environmental and genetic factors.
These factors effect on production and quantities of
chemical compounds.
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tably this changes a lagoon’s ecosystem [2, 3, 4].
The Çakalburnu Lagoon in the Inner Izmir Bay was
selected as the study area. Domestic and industrial
discharges have had a significant influence on the
Inner Bay. Consequently there appears to be strong
eutrophication which is temporally anaerobic [5].
Since the construction of sewage water treatment
plants the condition of the inner bay’s water is
much improved [6].
Even though two straits are connected to the
inner bay, its closed environment, shallow depth
and inadequate water circulation has given rise to
eutrophic conditions. Previous studies’ findings
from this particular area; the invertebrate biomass
in time series [7], recorded 44 different bird species
[8], the biological properties of crab species such as
breeding and growth of the Mediterranean green
crab (     Nardo, 1847) [9]; the
seasonal gonad growth of carpet shell clam ( 
   L., 1758) was amassed from this lagoon
[10]. Çakalburnu Lagoon is an important area in
terms of breeding for the carpet shell clam [11].
Picoplankton groups, including picophytoplankton and heterotrophic bacteria (HB), are the
major microbial components of plankton communities, they play an essential role in biogeochemistry
and food chain dynamics in marine ecosystems [12,
13, 14]. HB remineralization of inorganic nutrients
(e.g., ammonium) may stimulate the growth of
phytoplankton clustering [14, 15, 16] and around
1/3 of all phytoplankton biomass and 40% of nitrogen primary production in coastal seas [17, 18]
contain picophytoplankton [19]. As a component of
picoplankton, picophytoplankton communities
(         and picoeukaryotes) are the most important components of photoautotrophic plankton, usually contributing 50% to
90% of the total chlorophyll (Chl- ) in oligotrophic
waters [20, 21]. Another major component of picoplankton, heterotrophic bacteria, is the main consumer of dissolved organic matter (DOM) and
contributes significantly to carbon and nutrient
recycling [14].
Bacterioplankton (heterotrophic bacteria and
picocyanobacteria) are the main components of a
microbial ecosystem which assist in the process of
carbon transfer, organic matter decomposition, and

#$"$
Abundance and biomass of    
spp. and bacteria (picoplankton ˂2 µm) were investigated to determine the relationship between the
environmental variables from October 2014 to
September 2015 using an epifluorescence microscope on surface waters of Çakalburnu lagoon.
    spp and bacteria abundance ranged
from 7x102 to 1.9 x105 cells/ml and from
7.0×104cells/ml to 3.6×107 cells/ml, respectively.
Biomass of     spp. and bacteria ranged
from 0.01 to 9.12 μgC/l and from 1,95 µgC/l to
125.61 μgC/l respectively. Our results demonstrated
that the biomass of bacteria in Çakalburnu lagoon,
within the microbial community had a greater biomass than     spp. Results indicated
that picoplankton (     spp. and bacteria) was influenced by temperature variations and
its interactions with phytoplankton (Chl- ). However no correlations were found between nutrients
and picoplankton in the study area. The structure of
picoplankton communities integrated with environmental variables could act as indicators of the
variability of the in lagoon’s ecosystem.


(' "#
Picoplankton, bacteria, lagoon,     spp.,
physico-chemical parameters, Aegean Sea
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Coastal lagoon ecosystems are characterized
by the presence of boundaries and transitions between land and water, the water column and the
sediment layer and the atmosphere, the lagoon and
the sea and, frequently, between the waters in the
lagoon and small freshwater tributaries [1]. In other
words lagoons are not permanent and are limited,
these systems are formed by rivers and water exchanges from the seas. These systems can be effected by physical and chemical changes thus they are
fragile. Lagoons are characterized by high nutrients,
abundant suspended particles, and varying salinity.
There is very often a strong human influence, inevi1179
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#:;,= )8-) )5, 9)47315/ There are four
coastal lagoons in the Izmir Bay (Aegaen Sea),
Çakalburnu Lagoon is located in the inner bay area
(Figure 1). The size of the Çakalburnu lagoon is
approximately 67 hectares (width: 752 m, length:
1054 m, depth: 0.5-1 m). Between October 2014
and September 2015, samples from 7 different
stations were taken in a microbial cycle to determine the picoplankton (     spp. and
bacteria) abundance, biomass distribution, chemical
and physicochemical parameters. The station C1
denotes the sea conditions outside the lagoon. Stations C2 and the C3 characterize the connecting
points where the lagoon links the sea. The station
C4 is situated close to a restaurant on the west side
of the lagoon. Stations C5 and the C7 are situated at
a number of discharge points, which could originate
from both domestic and agricultural sources. Station C6 is positioned in the most extreme macro
algae area.

contaminant elimination. They also regulate biogeochemical processes which have an effect on the
functions of various microbial groups. Picoplankton
changes along well-characterized environmental
gradients provide opportunities not only to study
the ways in which picoplankton shift in response to
surrounding environmental changes but also to
enhance our understanding of the biogeochemical
effects of universally occurring physical processes
that can cause environmental gradients in oceans.
Thus, the identification of factors that regulate the
abundance and community composition of picoplankton is one of the central challenges in marine
microbial ecology today [22, 23]. According to a
number of surveys on estuaries, freshwater is the
main source of microbial communities [24, 25, 26,
27]. Although there is a large body of research on
picoplankton in marine ecosystems and their dynamics (     and bacteria) [12-22-23-2829-30-31] however there are only a few number of
studies on lagoon ecosystems.
Thus, the aim of this study (October 2014 September 2015) was to investigate the monthly
and spatial variations of the abundance and biomass
picoplankton,     spp. and bacteria, in
Çakalburnu lagoon ecosystem, and to ascertain its
relationship with ecological factors (e.g., temperature, salinity, nutrient concentration).

-)9;8-4-5:96.41+86*1636/1+)3 
  977 )5, *)+:-81) 7)8)4-:-89 In our
study, in order to count bacteria and    
, 40 ml of seawater samples were
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collected from Nansen Bottles and transferred to
50 ml dark-coloured, glass bottles. To preserve the
samples, 0.6 % glutaraldehyde was added, and the
bottles were closed securely. To obtain homogenous distribution of cells two filters were used in
the lab. A 0.2 μm pore-sized (Millipore, USA)
nuclepore a black membrane filter was placed over
a 1.2 μm pore-sized backing filter (Millipore,
USA). Initially a 10 ml sample was filtered, vacuum pressured at 125mm of Hg. The remaining 5ml
of sea water sampled was filtered and stained to
determine its bacterial DNA using Acridine Orange
(3,6-bis(dimethylamino) acridine, AO) [32, 33].
The filters were removed and put between a glass
slide and cover slip following which, both sides
were overlaid with a thin film of immersion oil
[34]. Cells were counted using a Nikon Ni eclipse
epifluorescence microscope with a filter selection
of B-2A (blue excitation-DM 505, EX 450–490,
BA 520) and G-1B (green excitation-DM 575, EX
546/10, BA 590) and a 100× objective lens [30].
For this study, a commercial software program, Image-Pro Premier 9.1 was used to measure
the size of the cells. Bacterial biomass was determined by bacterial abundance and its equivalent
amount of carbon per cubic micron of bacterial
volume. For carbon and biomass calculation, 77 fg
C per cubic micron of bacterial volume was used
[35]. In the case of    , 123 fg C per
cubic micron of its volume was used [36].

calibration was carried out by using samples obtained from QUASIMEME (Quality Assurance of
Information for Marine Environmental Monitoring
in Europe). 

#:):19:1+)3)5)3=9-9Non parametric Sperman
Rank order correlation was carried to determine the
relationship between physico-chemical variables
and picoplankton. Due to the fact that the log value
variables were not distributed normally and the
variances non homogenous a Non-Parametric Kruskal-Wallis test was performed. These analyses were
carried out using Statistica 8.0 software (Statsoft,
USA). To measure parameters and to assist in the
assessment of the environmental factors on the
lagoon ecosystem, Principal Component Analysis
(PCA), a multivariate analytical tool, was used. For
an extraction process and in order to determine the
correlation matrix, PCA-based SPSS 21 soft ware
was used. A varimax normalized rotation was performed.


"#%$#
The annual range and mean of physicochemical data for all sampling stations are presented in Table 1. Temperature values ranged from 8.229.9°C, salinity values 13.3-40.2 psu (practical
salinity unit) and pH values 7.99-8.61. As the lagoon is shallow in relation to variations in air temperatures, the water temperatures changed rapidly.
At station C7, salinity measured relatively low in
April, at 13.3 psu, most probably due to its close
proximity to fresh water access. The highest dissolved oxygen (DO) values were observed as a
result of possible macro algae (  spp.) production during spring. For instance, oxygen uptake
depends on macro algae production whereas DO
decreases in the water column caused by bacterial
activity.
Minimum values (DO) were measured at station C5, such observations can be expected because
of the station’s close proximity to the land outflow.
In spring and summer the minimum and maximum
DO values were significant (Table 1).

!0=91+)3 )5, +0-41+)3 )5)3=919 In order to
measure the physical parameters from all stations,
during the sampling; in situ system WTW (ph/cond
340i Set) was used to determine temperatures and
salinity. Dissolved oxygen (DO) was measured by
using the Winkler titration method. Nutrients; dissolved inorganic phosphates (o.PO4: orthophosphate phosphorus), nitrogen as nitrates and
nitrites (TNOx), ammonium nitrogen (NH4-N),
reactive silicate (Si) was filtered using glass fiber
filters (Whatman GF/F). All samples were stored in
a deep freeze, to be analyzed within a 10 day period. The o.PO4, TNOx, NH4-N and Si concentrations
were measured photo-metrically in the auto analyzer [37-38]. Concentrations of chlorophyll-a were
measured using the spectrophotometric method [37]
to ensure comparability of methods, inter-


$ 
")5/-)5,4-)5@9,6.70=91+6+0-41+)37)8)4-:-8915:0-?)2)3*;85;)/665
Season
Temperature (˚C)
pH
Salinity (psu)
DO (mg/L)
8.23-15.2
8.00-8.61
27.2-38.6
6.48-12.7
Winter
11.91±1.74
8.28±0.18
35.91±2.94
9.12±1.91
11.9-24.9
8.00-8.61
13.3-38.6
0.3-16.06
Spring
18.15±4.09
8.28±0.18
34.87±5.51
8.26±4.37
25.0-29.9
7.99-8.59
34.6-38.92
0-11.76
Summer
27.05±1.62
8.26±0.17
40.2±1,27
5.35±2.69
10.7-24.0
7.99-8.59
31.6-39.0
5.11-18.8
Fall
19.27±5.11
8.26±0.17
35.75±2.38
9.85±3.66
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2.54 and 77.33 µM. The highest concentrations
The mean value for oxidized nitrogen (NOx)
were recorded in winter and in spring (Figure 2d).
was 19.08μM, with a minimum NOx concentration
During sampling periods, minimum chlorophyllof 0.06μM in May and a maximum level of 339.56
concentration (0.27 μg/l) was measured in FebruμM in February (Figure 2a). The lowest and highest
ary, whereas the maximum level (68.7 μg/l) was
ammonium nitrogen (NH4-N) concentrations were
measured in July (Figure 2e). The highest concenfound to be 0.08 and 87.63 -μM, with a mean value
trations were determined in spring and summer,
of 8.25μM (Figure 2b). In the lagoon o.PO4 minifollowed by autumn. Chl- concentrations are indimum and maximum values were measured between
cators of phytoplankton abundance and biomass in
0.07-7.86 µM in March and in July, respectively
coastal and estuary waters.
(Figure 2c). Reactive silicate levels ranged between
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also highlighted negative correlations between DO,
(NO3+NO2)-N and NH4+-N. In addition to the
aforementioned there was also shown to be a positive correlation between BA; BB, SA, SB values
and Chl- (Table 2).
PCA was evaluated to establish the importance of any environmental factors, direct or
indirect, on the Çakalburnu lagoon. The first four
principal components accounted for 77.0 % of the
variability in the lagoon ecosystem (Table 3). The
first principal components PC1, representing 31.2
% of the total variance was found positive for BA
and BB, but negative for o-PO4. The second principal component (PC2, representing 22.8% of the
total variance) was found negative for salinity,
however positive for Si and NO2+NO3. The third
principal component (PC3, representing 13 % of the
total variance) was found positive for temperature
and Chl- but negative for DO. The Eigen values of
PC1, PC2 and PC3 were higher than 1, and accounted for 31.2%, 22.8% and 13.2% of the variance, respectively. The factor loadings of o-PO4 (0.72), Bacteria Abundance (0.73) and Bacteria
Biomass (0.72) in PC1 (Table 3) indicated the possible influence of primary production in the Çakalburnu lagoon ecosystem. Based on the PCA
analysis results, it was concluded o-PO4, BA, BB,
were the major parameters influencing the observed
variability of the lagoon system.

Results of the abundance and biomass of 
   , are shown monthly in Figure 3 (a-c).
   abundance ranged from 7x102 to 1.9
x10 cells/ml and biomass from 0.01 to 9.12 μgC/L
respectively. Both rates increased over the period,
especially from April to October, decreasing between November and March. As a result of the
study carried out in the Lagoon,    
annual mean cell number is 3x104 cells/ml and
abundance mean is1.12 µgC/l.
The other microbiological parameter, the
abundance and biomass of bacteria, is shown seasonally in Figure 3 (b-d). The results showed the
highest abundance of bacteria 3.6×107 cells/ml in
C4 and biomass 125.61 μgC/l at station C7 in May.
During the study period, the minimum abundance
and the biomass of the bacteria were 7.0×104
cells/ml and 1.95 µgC/l in winter respectively.
From this study carried out in the Lagoon, it was
observed the bacteria’s annual mean cell number
was 4.2x106 cells/ml and abundance mean was
15.09 µgC/l.
A non-parametric Spearman Rank-Order correlation test was carried out to observe the relationship between physico-chemical, chemical and biological variables throughout the year. As a result of
this nonparametric Sperman correlation test, positive correlations between BA, SA, SB, chlorophylland temperatures were evident however this test
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Temp.
Salinity
Temp.
1.00
Salinity
 
1.00
DO
 
 
0.20
-0.02
o.PO4
 
 
(NO3+NO2)-N
NH4+-N
 
 
Chl-a

0.18
 
 
Si(OH)4
BA
 
-0.09
SA
 
-0.09
BB
 
-0.17
SB
 
0.03
BA: Bacterial Abundance; SA:  

DO

o.PO4

(NO3+NO2)-N

NH4-N

1.00
-0.12
1.00
 
-0.19
1.00
0.19
0.13
 
1.00
 
0.02
 
 
 
-0.15
 
 
 
0.12
 
 
 
 
 
-0.21
 
0.06
-0.15
-0.06
 
 
 
 
  Abundance; BB: Bacterial Biomass; SB:

Chl-a

Si(OH)4

1.00
-0.09
 
 
 
 
  

BA

SA

1.00
-0.06
1.00
-0.03
 1.00
0.07
  
-0.07
  
 Biomass; p < 0.05

BB

SB

1.00
 

1.00


$ 
6),15/96.7815+17)3+64765-5:9.68)337)8)4-:-89
PC1
PC2
PC3
Temperature
-0.115
-0.322
 
Salinity
-0.080

0.336
Dissolved Oxygen
-0.066
0.123
 
o-PO4
 
0.244
0.422
NO3+NO2
-0.087
 
-0.115
NH4
-0.053
0.546
0.336
Chl-a
0.106
-0.068

Si
0.108

-0.177
BA
 
0.131
0.401
SA
0.180
-0.004
0.198
BB
 
0.206
0.303
SB
0.053
-0.019
0.163
Eigen values
3.75
2.73
1.59
Total variance
31.2
22.8
13.2
BA: Bacterial Abundance; SA:     Abundance; BB: Bacterial Biomass;
SB:     Biomass

#%##  %# 

PC4
0.394
-0.385
-0.132
0.213
-0.015
-0.284
0.106
-0.008
0.441
 
0.509
 
1.13
9.41

al.’s [42] study, which took place in middle–inner
bay of Izmir during 1996–2003 the ranges of nutrient and Chl- concentrations were 0.01–10, 0.12–
27 µM, and 0.10–26 µg/L for o-PO4–P, TNOx–N,
and Chl- , respectively. The observed nutrient
concentrations in the Çakalburnu lagoon were higher than values observed in inner bay, this is a clear
indication of the role of domestic waste and agricultural effluent. TNOx–N (nutrient) concentrations
showed their highest levels in winter and early
spring at all stations due to low productivity of
phytoplankton (Figure 2a and 2e). On the other
hand, the use of nutrients seems to have increased
the values of phytoplankton biomass (Chl-  and
picoplankton over the same period, particularly
from spring to autumn (Figure 2e; Figure 3a-d). In
the present study, correlations between environmental variables and picoplankton were based on a
nonparametric Sperman correlation test. This study
confirmed that BA, SA and, Chl- , has shown negative correlations between (NO3+NO2)-N (r=-0.42;
r=-0.34; r=-0.41) respectively (Table 2). Similar
results were observed in the Black Sea nutrient
depleted periods (e.g. June and July) when the
highest Chl- concentrations were measured [43].
The nonparametric Sperman correlation test il-

A curial factor in understanding a lagoon system and its ecology is to analyze and evaluate a
specific body of water and its characteristics [39].
The main components of a lagoon ecosystem are
the dimensions, the degree of connection with the
open sea, differences in salinity relating to the open
sea, and the trophic status of the water column [40].
There are conflicting uses of coastal lagoons from
fisheries to tourism, and from aquaculture to harbor
facilities or urban development. With respect to this
conflict of interests, approximately 2/3 of the Çakalburnu lagoon’s total area was fill-in to be reclaimed for urban development [7]. The remaining
642 hectares were designated a protected area in
1999. Although connected to the sea, via two straits
and due to its shallowness plus the two main load
discharging points (domestic and agricultural), it
has a eutrophic character, [41] for this reason fishery activities, also known as ‘‘lagoon culture”, were
stopped.
In our study the ranges of nutrient and Chlconcentrations were 0.07–7.86, 0.06–339.56 µM,
and 0.27–68.66 µg/L for o-PO4–P, TNOx –N, and
Chl- , respectively. According to Kucuksezgin et
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lustrated, while there is strong positive correlation
between Chl- and BA, SA, SB (r=0.44;
r=0.38;0.41) there is negative correlation between
Chl- and oxygen (r=-0.54) (Table 2). In accordance with this, in spring and summer the minimum
and maximum levels of DO are observed as extreme values due to macro algae production (Table
1). Also, a similar result was demonstrated by
Wang et al. [44]. Another factor is temperature. Our
results indicate that BA, SA SB, chlorophyll-a (r=
0.69; r=0.48; r=0.57) have shown positive correlations with temperature. Šilović et al. [45] also found
that heterotrophic bacteria and     spp.
abundances showed a significant and positive correlation with temperature and a negative correlation
with nitrites. Temperature appears to be an important determinant in the distribution of picophytoplankton [46-22-47].     values are
observed to be high in spring, summer and early
autumn but low in winter (Figure 3a and 3c). In
another study, done in the Izmir Bay [42], Cyanobacteria (Cyanophyceae) abundance increased only
during the spring bloom. Consistent with other
studies, both heterotrophic bacteria and picocyanobacteria exhibited higher abundance during the
warm and wet seasons (and heterotrophic bacteria
decreased greatly during the cold seasons) [27].
One study, done in the Mediterranean Levantin
Basin near the shore, with a dynamic structure has
proved certain factors; for example nutrient concentration, light conditions, temperature, and salinity
play a significant role on the     spp
intensity [27] Another study observed a large proportion of phytoplankton was critically dependent
on inorganic nutrients [48].
Bacterial dispersion was subject to the physical and chemical environments and also to phytoplankton biomass and community structure. A set
of reports on the co-existence of specific algae and
prokaryotic species or groups suggested the occurrence of certain associations between specific types
of phytoplankton and bacteria [15]. Although there
have been impressive advances in assessing the
diversity of marine microorganisms, the mechanisms of likely interactions between phytoplankton
and bacteria are difficult to recognize. In our study
BA and SA were positively correlated with Chlconcentrations (r=0.44; r=0.38) respectively. In the
Pearly River Estuary, heterotrophic bacteria displayed high abundance (˃106 cells/l) and also
showed a positive correlation with Chl- concentrations (r=0,349) [47].
In the study which took place in Çakalburnu,
    spp. abundance ranged from 7x102
to 1.9 x10B cells/ml and biomass from 0.01 to 9.12
μgC/l respectively. According to previous studies,
carried out in Turkish coastal waters,the following
results were reached. Example; in the Iskenderun
Bay, located in the south-east of Turkey in the
Mediterranean, the abundance and biomass of 
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    spp was observed to be in the range of
1.2-37.4x104 cells/ml, 0.48-30.9 µgC/l respectively
[49]. In the Mersin Bay also located in the southeast of Turkey, Uysal ve Köksalan [13] observed a
concentration of    , ranging from
surface 6.4x103 to 1.5x105 cells/ml at 15m depths of
3.2x103-1.6x105 cells/ml. Another study’s results in
the coastal waters of the Southern Black Sea area,
showed minimum and maximum concentrations of
    spp. to be 7.4x103 and 9.2 x104
cell/ml [50]. In this article the role of picoplanktonic carbon on the coastal food chain-web was also
discussed. Uysal [30] reported maximum cell abundance of     spp. 1.25x108 cells/l in the
Black Sea waters. Our study showed the abundance
of     spp. to be lower than in both the
coastal waters around the Mediterranean and the
Black Sea.
During our study period, the minimum and the
maximum bacterial abundance and biomass ranged
between 7.0×104-4.2x106 cells/ml and 1.95-15.09
µgC/l, respectively. In another study [51] the maximum heterotrophic bacterial biomass recorded was
76 µgC/l in the South-Eastern Black Sea waters. In
a study carried out in the Arctic, the highest biomass of bacteria recorded, was 10 m 178 µgC/l,
[44]. Sorokin et al. [52] reported very high surface
bacterial standing stocks ranging from 80 to 90
µgC/l on the northwest shelf of the Black Sea. With
a year round sampling in the Ionian Sea in the Mediterranean, Caroppo et al. [53] researched the effects of physicochemical factors on large sized
phytoplankton and picoplanktons’ composition and
concentration. While picoplankton levels were
observed to be low through-out the year, the maximum concentrations of picoplankton peaked during
September (452x103 cells/ml). The maximum carbon biomass of     spp. was measured
23.9 µgC/l in the coastal waters of the SouthEastern Black Sea [51].
Although not many, there are also other studies that have taken place in lagoons. Gonzalez et al.
[54]. indicated the number of bacteria to be 22.6x106 cell/ml and    spp1-4.0 x 105
cell/ml in the Tikehau Atoll lagoon. In 2010,
Schapira et al. [55] in coastal lagoons in South
Australia the numbers of Synechococcus was reported to be 1.3x106-1.4x106 cell/ml. The results of
the     in these lagoons were similar to
our results.
In order to understand what shapes microbial
distribution patterns, the relative importance of
environmental and biological factors need to be
evaluated, we therefore conducted a spatiotemporal analyses of the picoplankton’s dynamics
in the Çakalburnu Lagoon. Results indicate that
picoplankton is influenced by temperature variations and its interaction with phytoplankton (Chl-a).
However, there were no observed correlations between nutrients and picoplankton in the study area.
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In addition, based on the PCA analysis results, it
was concluded BA and BB were the major parameters influencing the observed variability of the lagoon system.
Required monitoring and in-depth studies in
these particularly vital ecosystems have to be carried out in order to safeguard and improve the ecological and microbiological quality of aquatic systems such as lagoons by regulatory bodies.
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general it is accepted that heavy metals are metallic
elements with a certain degree of toxicity and relatively high density [5-7].
Environmental pollution with heavy metals is a
common problem in many countries [8], including
Macedonia, where an effective monitoring system is
still not organized for the systematic observation of
the contamination of the environment and the plant
organisms.
Soils are the major sink for heavy metals released into the environment by anthropogenic activities [9, 10] and the total concentration of heavy metals in soils persists for a long time after the initial
introduction [11, 12]. Once deposited, heavy metals
are non-decomposable and become incorporated in
the ecosystems [13, 14]. Heavy metals enter the plant
system mainly through the soil or via the atmosphere
[15, 16].
Environmental pollution, particularly „heavy
metals’ soil and air pollution” in Macedonia has been
analyzed in a number of studies [17-26]. Nevertheless, literature review regarding the heavy metals accumulation in higher plant organisms in Macedonia
revealed very scarce data. There are no comprehensive analyses focused on the impact of air deposit
from point pollution sources on the heavy metal content in plants.
It has been demonstrated on many occasions
that smelters’ plant technology is the major source of
soil and plant heavy metal pollution, primarily for
the area of its immediate vicinity [27-30]. In this regard, factors affecting the concentration of metals in
soil and plant organisms are: the distance from the
smelter plant, period of soil exposure to contamination, rate and duration of airborne particles, emission
from the smelter stack, the stack height, size of particles, atmospheric stability, wind speed and direction, terrain configuration, altitude and soil features
[31, 32].
The ferro-nickel smelter is the main source of
heavy metal pollution in the city of Kavadarci,
mainly via the atmospheric deposition [20, 33-36].
Namely, concentration of PM10 in the vicinity of the
smelter is much higher than the limit values

Smelter plants pose a major threat to ecosystems, since emitted and deposited metals are persistent for a long period, thus over time they can accumulate in various organisms.
The aim of this study is to evaluate the impact
of fugitive dust emission from the ferro-nickel smelter Feni Industries - Kavadarci on soil and plants, by
investigating the heavy metals content in: roots,
stems and leaves of ". Soil and plant
samples were collected from 14 locations at different
distances from the smelter. The content of the following heavy metals was analyzed: Zn, Pb, Cd, Cu,
Ni, and Fe. DTPA-extractable soil heavy metal content, as well as soil pH were also determined and analysed. The findings of the study showed that concentrations of some heavy metals (Ni, Fe) in leaves
(rinsed and not rinsed) and stems of "
decreas with distance from the smelter plant. This
implies that smelter’s fugitive dust emission contributes to elevated concentration in the plant organs of
the heavy metals which are the main constituent of
the processed ore (Ni and Fe). On the other hand, the
ferro-nickel smelter does not have significant impact
on the content of heavy metals in the soils.

*)"$%
Heavy metals, soil, "Ferro-nickel smelter,
air pollution, fugitive dust
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Concentrations of metals in a variety of environments have increased, as a direct result of anthropogenic activities, such are: mining, point sources of
emission, energy and fuel production, intensive agriculture, sludge dumping, municipal effluents,
waste disposal and inceneration, traffic, etc. [1-3].
Heavy metals as one of the main environmental
pollutants [4], have toxic effects on plants, animals,
and they pose a serious threat to human health. There
are many definitions for the term “heavy metal”. In
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The average content of some heavy metals in
ore, processed in this ferro-nickel smelter, is as follows: Cu - 19 mg·kg-1; Ni - 4200 mg·kg-1; Pb - 20
mg·kg-1; Zn - 52 mg·kg-1 [44]. During the technological processes performed in the smelter (ore processing, transportation, ferro-nickel production or
disposal of slag) considerable amount of dust is emitted into the atmosphere. The ferro-nickel smelter
plant periodically performes monitoring of emitted
dust from several point sources of pollution (stacks)
according to the requirements of the issued А Integrated Permit for Аdjustment with Operational Plan,
but there is lack of published data for fugitive dust
emission assessement.
This smelter is situated in a hill surrounded valley. The relief is moderately inclined in western direction and towards the valley of river Crna Reka,
which is distanced about two kilometers. The soil
layers in the vicinity of the ferro-nickel smelter are
of medium permeability and the water table is 5–15
m deep [45]. The wider area of the smelter is characterized by the presence of vineyards and farmlands.
The plant ( " ) and soil samples
were collected from 14 locations at different distances from the point source of pollution (Fig. 1, Table 1).
From a geological perspective the location
where soil and plant samples were collected is dominated by: Pliocene sediments (sands and silt, alluvium) and Metamorphic rocks (marbles) [46, 47].
The dominant winds in this region are from N,
NW and SE [48].
According to the Macedonian soil information
system [49] the sampled soils can be classified as:
complex of humic calcaric regosol and regosol, complex of humic calcaric regosol, regosol and vertisol,
aric regosol, vertisol and fluvisol (Table 1).

according to the national regulation, with increased
content of some heavy metals, especially Ni and Fe
[37, 38].
" is a perennial plant, native to
South Europe [39] and wide spread in the lowlands
of Macedonia [40]. This wild-growing weed is found
extensively along roadsides, meadows and in fields
[41]. " was used in this study, since:
it is very abundant around the ferro-nickel smelter, it
is easy to identify, and has been reported as a potential accumulator of heavy metals [4, 8, 42].
In this paper we present a case study – investigation focused on assessment of this smelter’s air deposit on the content of heavy metals in (i) soil and
(ii) organs of "L. (=
(L.) Desv.). For this research, heavy metals’ content
in plant (root, stem, leaves) and soil (total and
exctractable) was analyzed at different distances
from the smelter, and a correlation between different
variables was performed.
&$%! &"%

%>?/C ,<0, The ferro-nickel smelter plant –
Feni Industries is situated in the Municipality of Kavadarci (Central part of Republic of Macedonia)
which is primary vine producing region in Macedonia. The main activity of the ferro-nickel smeltery is
production of non-ferrous raw metals from latherite
nickelous ores, concentrates and secondary raw materials by metallurgical, chemical or electrolytic procedures. The annual capacity of this installation is
the production of about 16,000 t of nickel in the form
of ferro-nickel with a Ni content of 25 to 40 % [43].

'$ 
%>?/C,<0,


1190

.-

&#+$/&'!)





()%"+)%,"(&%$%*#+##*"%





41°25'56.95"N 21°56'31.48"E



41°26'16.23"N 21°56'24.88"E



41°26'45.71"N 21°55'58.65"E



41°27'11.92"N 21°56'6.06"E

Lokvata 1
Cuckite, west from the ferro-nickel
smelter

0:7:2C

%:47&C;0

7>4>?/08

4=>,9.0
1<:8>30
=807>0<68

:.,74>C

0:2<,;34.
.::</49,>0=

:.,74>C

& 
0,>?<0=:1>30=>?/C,<0,

0.494

193

Aric regosol

Alluvium

0.468

216

Aric regosol

Sands and clay

Shivec

1.509

198

2.086

230

Complex of humic
calcaric regosol and
vertisol
Aric regosol

Sands and clay

0.247

203

Aric regosol

Sands and clay

1.481
2.328
4.111

237
264
379

Aric regosol
Aric regosol
Aric regosol
Complex of humic
calcaric regosol and
regosol
Vertisol
Vertisol
Complex of humic
calcaric regosol and
regosol
Fluvisol
Fluvisol

Sands and clay
Sands and clay
Sands and clay



41°26'3.06"N 21°56'47.65"E





41°25'49.59"N 21°57'40.92"E
41°25'51.23"N 21°58'20.50"E
41°25'31.27"N 21°59'32.13"E

Eeast of Gradishte
Entrance of the ferro-nickel smelter
Shamacite
Dlabok Dol near Shamacite
Umata



41°25'29.71"N 21°58'24.51"E

Shamacite

2.665

265

 


41°24'54.78"N 21°58'24.02"E
41°24'3.39"N 21°58'28.89"E

Porojnici
Crvenata Zemja near Tikvesh Lake

3.301
4.621

302
260



41°25'55.80"N 21°56'6.52"E

Lokvata 2

0.964

185




41°25'55.58"N 21°54'52.11"E
41°26'11.94"N 21°54'31.23"E

Chair
Chair Begovo Pole

2.615
3.068

167
170

Marbles

Sands and clay
Sands and clay
Sands and clay
Alluvium

Alluvium

*source: MASIS [49]; **source: [46, 47].

dry weight and stored in sealed desiccators prior to
analyses.

Geographic coordinates, altitude, locality, soil
type, geological features and distance from the point
source of pollution (ferro-nickel smelter) for the
sampling points where plant and soil samples were
collected are presented in Table 1.

%,8;7492 ,9/ =,8;70 ;<0;,<,>4:9 Paired
samples of soil and plants ( " ) were
collected from 14 different locations (Тable 1) at different distances (from 0.25 to 4.6 km) from the smelter. Plant and soil samples from each site were collected on 09 May 2013, during the flowering season
of the plants. Soil samples were sampled at a depth
of between 0 cm and 20 cm, and than around 1 kg of
soil was collected in paper bags. In every location 15
individual plant samples of "  were
collected and combined into a single bulk sample per
site. Roots, stems, and leaves were hand separated in
laboratory. Leaves were divided into two sets: rinsed
leaves (washed with running water and wiped dry
with paper) and not-rinsed leaves. Plant samples
were grinded before analyses with stainless steel
mill.
Soil samples were air-dried on room temperature for 24 hours and afterward the volume of soil
was reduced by the standard quartering method.
These soil samples were sieved through a 2-mm
sieve for the removal of large debris, plant roots,
stems and other waste material, and then a homogenization with pestle in a mortar porcelain was performed. About 10 g of each soil sample and grinded
plant material were oven-dried at 105˚С to absolute

3084.,7,9,7C=0=:1=:47,9/;7,9>8,>0<4,7
Methods of wet digestion were used for preparation
of soil and plant material for chemical analyses. A
portion of the dry plant powder material was digested in an oxi-acidic mixture of HNO3/H2O2 (2:1,
12 ml for a 0.5 g sample [50] and then heated up to
1200C for 24 hr in sand bath. 
Subsamples of soil were analyzed for total and
DTPA-extractable heavy metals content. DTPA-extractable heavy metal concentrations were determined as in Lindsay and Norvell [51] and Page [52].
For analyses of total heavy metal content process of
hot digestion of 0.25 g soil was carried out with nitric
(HNO3), hydrofluoric (HF) and perchloric (HClO4)
acids [53].
The content of heavy metals in the solutions
was determined by atomic absorption spectrometry
(Agilent AAS 55A and Agilent 240Z). All element
concentrations are presented on a dry matter basis.
For all soil and plant material blanks were also analyzed in the same way.
Soil pH was measured with a glass electrode
pH meter [54].
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BG

8
7.9
8.2
7.8
7.5
7.9
7.6
8.2
7.9
8.1
7.8
7.9
7.1
8
 

+9
34.51
104.15
34.95
48.02
59.45
44.97
81.81
44.94
51.49
46.96
40.19
37.83
45.91
63.53


&:>,7.:9>09>:130,@C80>,7=49=:47
#-
/
?
!4
0
5.98
0.07 16.74
57.72
13172.93
12.21 0.22 27.95
241.33
17280.58
7.04
0.09 26.20
47.51
8597.92
7.61
0.1
32.58
77.78
14946.52
n.d.
0.07 11.91 2611.91 22783.14
5.09
0.08 31.06
74.97
12947.3
12.24 0.18 46.40
78.00
15254.75
6.71
0.05 19.30
37.92
19572.62
10.65 0.14 32.50
63.83
15501.71
8.82
0.11 20.36
43.73
12954.78
9.88
0.07 17.10
42.53
13661.97
n.d.
0.09
15.5
52.52
13083.11
7.63
0.07 23.00
48.89
17251.26
9.59
0.16 37.99
433.71
18732.32
  
 
 


&#B><,.>,-70.:9>09>:130,@C80>,7=49=:47
+9
#-
/
?
!4
0
0.07
0.19
n.d.
0.18
0.06
0.68
0.62
0.44
0.01
0.31
0.29
0.76
0.10
0.13
n.d.
0.48
0.04
0.26
0.13
0.21
0.01
0.55
0.10
0.67
0.08
0.02
n.d.
0.02
4.36
2.71
0.07
0.18
n.d.
0.48
0.05
0.72
1.15
0.23
0.01
0.99
0.14
1.20
0.03
0.15
n.d.
0.08
0.02
0.62
0.41
0.29
0.01
0.43
0.10
1.10
0.18
0.13
n.d.
0.15
0.03
0.36
0.06
0.17
n.d.
0.10
0.07
1.28
0.13
0.19
n.d.
0.11
0.09
0.63
0.05
0.15
n.d.
0.18
0.11
0.87
0.54
0.34
0.02
0.42
0.69
1.09
 
 
!
 
 
 

n.d. – not detectable; ND-not assessed; BG - mean content
* for explanation see Table 1

4:,..?8?7,>4:9,.>:<,9/&<,9=7:
.,>4:9 ,.>:< & The characteristics of the
transport and accumulation of heavy metals in
"are expressed by the relationship between the concentrations of heavy metals in soil, the
root system and aerial organs [55-60].
The Bio-Accumulation Factor (BAF) was calculated as metal concentration in plant organs/metal
concentration in soil – total content, and the Translocation Factor (TF) as metal concentration in
shoot/metal concentration in root.

the following: Zn (0.03-1.15 mg·kg-1); Pb (0.02-0.44
mg·kg-1), Cd (0.01-0.02 mg·kg-1); Cu (0.02-0.99
mg·kg-1); Ni (0.02-4.36 mg·kg-1) and Fe (0.26-2.71
mg·kg-1). There is strong correlation between the total and extractable contents of heavy metals: Zn, Pb,
Cu, Ni and Fe (Table 3).
& 
$07,>4:9=34;-0>A009>:>,7,9/0B>,.>,-70
.:9>09>=:1,9,7CD0/30,@C80>,7=49>30@4.494>C
:1>3010<<:94.607=807>0<
%:47070809>
+9
#-
?
!4
0

%>,>4=>4.,7,9,7C=0=In order to analyze the relationships between the distance from the ferronickel smelter, the content of heavy metals in plant
organs of ", the heavy-metal content
in soil (total and extractable) and soil pH, we performed a series of simple regression analyses between two variables with Statgraphics for Windows
3.0. 
These analyses were aimed to test whether air
deposit from the smelter has an impact on the content
of heavy metals in organs of " and the
corresponding soil.


$%'&%

:9>09>:130,@C80>,7=49=:47The total content of heavy metals and extractable content in
DTPA, as well as pH in the top soil (20 cm) at different distances from the ferro-nickel smelter are
given in Table 2.
The total content of heavy metals obtained
from the analyzed soil samples is as follows: Zn
ranged from 34.51 to 104.15 mg·kg-1; Pb from 0.68
to 12.24 mg·kg-1, Cd from 0.05 to 0.22 mg·kg-1; Cu
from 11.91 to 46.40 mg·kg-1; Ni from 37.92 to
2611.91 mg·kg-1; Fe from 8597.92 to 22783.14
mg·kg-1. DTPA extractable concentration values are

;
0.0011
0.0229
0.0000
0.0000
0.0024

<
0.77
0.65
0.93
1.00
0.74

9
14
12
14
14
14

:/07
linear (a+bX)
linear (a+bX)
linear (a+bX)
linear (a+bX)
multiplicative (a·Xb)

* Cd was not analyzed (in most soil samples Cd was not
detectable)


:9>09>:130,@C80>,7=490;4/4?8/<,-,
The analyses of the heavy metals content in 
" collected at different distances from the
ferro-nickel smelter have revealed the highest content of Zn, Ni and Fe in leaves (not rinsed) in the
immediate vicinity of the smelter plant at a distance
of about 0.25 km and 0.47 km (Table 4). In this study
the content of lead in plant organs was below the detection limit, so lead was excluded from further data
analysis.
The mean heavy metal concentration for different plant organs of "(Table 4), is in
the following order: Zn - leaves not rinsed > rinsed
leaves > stem > root; and for Cu, Ni, Fe - leaves not
rinsed > rinsed leaves > root > stem (Cd was not analyzed). The accumulation potential of heavy metals
and translocation in "are given in Table 5.
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BG

+9
$
12.00
29.26
15.05
12.82
26.54
17.74
10.69
26.95
10.31
19.14
52.77
15.50
12.04
16.92
 

%
9.12
22.65
8.53
7.73
75.27
18.25
11.24
28.88
14.92
13.35
71.28
12.72
15.85
8.14
 


15.87
57.18
15.50
20.61
84.70
37.44
19.57
61.87
18.80
42.40
64.60
25.38
31.33
10.69
 

,>/4110<09>/4=>,9.0=1<:8>30

/
<
12.14
12.31
17.19
17.03
64.45
32.38
14.15
52.83
16.21
42.72
81.98
13.60
24.31
11.94
 

$
0.266
0.161
0.214
0.110
0.052
0.162
0.101
0.202
0.111
0.101
0.160
0.112
0.052
n.d.
!

%
0.268
0.150
0.106
0.212
0.271
0.280
0.170
0.330
0.209
0.171
0.220
0.162
0.174
0.053
 


0.162
0.227
0.104
0.215
0.105
0.395
0.110
0.412
0.229
0.172
0.115
0.200
0.312
0.055
 

?
<
0.165
0.150
0.109
0.250
0.159
0.404
0.112
0.369
0.161
0.171
0.203
0.211
0.221
0.097
 

$
3.61
4.03
4.06
2.81
2.12
5.30
3.19
4.95
3.05
3.82
3.73
3.48
2.52
3.65
 
Fe

%
2.68
2.00
2.49
2.22
2.82
4.25
2.71
2.69
2.92
2.40
3.96
3.02
2.43
1.73
 


3.94
3.80
3.43
3.66
5.26
6.76
5.65
4.33
4.30
4.02
4.43
3.74
8.47
2.89
 

Ni
$
%

<
$
%

 
5.11
3.77
42.28
20.17
486.41
173.78
813.00
 
12.04
9.59
98.49
30.97
282.37
208.54
1176.54
 
10.90
8.23
63.49
36.46
507.15
166.92
921.44
 
1.32
5.47
53.30
19.14
131.55
180.01
868.68
 
58.27
81.85
470.59
106.17
617.76
963.75
4923.67

7.48
6.06
37.26
14.09
422.34
158.98
578.63

1.11
2.39
15.91
5.53
142.86
132.71
844.30

3.20
6.55
7.28
2.33
960.57
255.88
709.36

0.85
4.60
17.72
14.02
110.86
133.01
384.00
 
1.32
1.95
11.85
17.59
266.22
124.91
334.41
 
1.99
8.10
14.61
9.87
342.75
831.68
818.39
 
0.62
4.33
43.95
16.62
192.65
209.19
967.48
 
1.70
1.52
20.02
7.95
355.08
191.51
925.48
 
153.25
0.70
7.92
6.08
140.95
63.03
259.00
BG
 
 
  
 
 
 
  
R-root; S-stem; L-leaves not rinsed; Lr- rinsed leaves; n.d. – not detectable; ND-not determined; x̅ -mean content
* for explanation see Table 1
:.,74>C
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8;,.> :1 >30 10<<:94.607 =807>0< :9 >30
.:9>09> :1 30,@C80>,7=49 >30 =:47The obtained
results for the heavy metal content in soils are in
compliance with some previous studies for this area
[20, 33, 61, 62]. Significant negative correlation between the total content of the analyzed heavy metals
in soils and the distance from the ferro-nickel smelter was not detected, as previously observed in many
studies for smelters’ impact on soil heavy metal content [30, 63-68].
The mean content of Ni in the analyzed soils at
different distances from the ferro-nickel smelter exceeds the European mean content of nickel in topsoil
and subsoil [69]. Bačeva et al. [16] have detected Ni
content in the range of 29.9 - 821.9 mg·kg-1 in soils
collected in the vicinity of the ferro-nickel smelter,
which is in concordance with our results (Table 2).
The observed very high content of nickel in soil
collected at the entrance of the ferro-nickel smelter

<
2.91
0.94
5.39
3.65
4.24
6.81
5.01
3.64
4.19
4.21
5.23
2.58
3.25
2.57

<
459.24
86.04
620.65
431.48
1039.86
254.74
299.69
254.64
309.62
596.13
934.13
466.15
396.36
208.21


(F5) is a result of the emitted and deposited dust from
this smelter plant, since the dust from this ferronickel smelter plant has the same composition as the
ore which is processed [33, 38, 43, 70, 71]. This ore
has a content of around 1 % Ni [72].
Regarding the geology of the location (sand
and silt) and the soil type (aric regosol), the presence
of such high content of nickel is not common. High
content of nickel is typical for serpentinite soils derived from ultramafic rocks. Stafilov et al. [20] have
detected the highest content of Ni (topsoil 250
mg·kg-1, subsoil 330 mg·kg-1) in soil from the sampling point Jarebički Kamen, located on Paleozoic
serpentinites.
The total content of Fe in all analyzed soils exceeds the safe limits for Fe (1000 mg·kg-1) [73], but
does not exceed the limit values (50000 mg·kg-1)
[74]. The highest content of Fe during this study was
measured at the immediate vicinity of the ferronickel smelter (Table 2).
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R
0.35
3.79
0.22
0.09
8.43
S
0.26
0.76
3.83
1.01
0.16
0.74
0.07
0.74
3.01
0.36
 
L
0.46
1.32
2.32
0.61
0.24
1.09
0.73
8.27
14.09
1.67
Lr
0.35
1.01
2.36
0.62
0.17
0.81
0.35
3.95
7.96
0.94
R
0.28
0.73
0.14
0.05
1.17
S
0.22
0.77
0.68
0.93
0.07
0.50
0.04
0.80
0.86
0.74
 
L
0.55
1.95
1.03
1.41
0.14
0.94
0.41
8.18
4.88
4.17
Lr
0.12
0.42
0.23
0.31
0.03
0.23
0.13
2.57
0.36
0.30
R
0.43
2.37
0.15
0.23
10.67
S
0.24
0.57
1.18
0.50
0.10
0.61
0.17
0.75
3.51
0.33
 
L
0.44
1.03
1.16
0.49
0.13
0.85
1.34
5.82
19.39
1.82
Lr
0.49
1.14
1.21
0.51
0.21
1.33
0.77
3.34
13.06
1.22
R
0.27
1.10
0.09
0.02
1.69
S
0.16
0.60
2.12
1.92
0.07
0.79
0.07
4.14
2.31
1.37
 
L
0.43
1.61
2.15
1.95
0.11
1.30
0.69
40.38
11.17
6.60
Lr
0.35
1.33
2.50
2.27
0.11
1.30
0.25
14.50
5.55
3.28
R
0.45
0.74
0.18
0.02
0.24
S
1.27
2.84
3.88
5.24
0.24
1.33
0.03
1.40
0.37
1.56
 
L
1.42
3.19
1.51
2.03
0.44
2.48
0.18
8.08
1.89
7.97
Lr
1.08
2.43
2.27
3.07
0.36
2.00
0.04
1.82
0.40
1.68
R
0.39
2.03
0.17
0.10
5.63
S
0.41
1.03
3.50
1.72
0.14
0.80
0.08
0.81
2.12
0.38

L
0.83
2.11
4.93
2.43
0.22
1.28
0.50
4.98
7.72
1.37
Lr
0.72
1.83
5.05
2.49
0.22
1.28
0.19
1.88
3.40
0.60
R
0.13
0.56
0.07
0.01
1.83
S
0.14
1.05
0.94
0.66
0.06
0.85
0.03
2.15
1.70
0.93

L
0.24
1.83
0.61
1.08
0.12
1.77
0.20
14.33
10.82
5.91
Lr
0.17
1.32
0.62
1.10
0.11
1.57
0.07
4.98
3.84
2.10
R
0.60
4.05
0.26
0.08
25.33
S
0.64
1.07
6.59
1.63
0.14
0.54
0.17
2.05
6.75
0.27

L
1.38
2.30
8.24
2.04
0.22
0.87
0.19
2.28
18.71
0.74
Lr
1.18
1.96
7.38
1.82
0.19
0.73
0.06
0.73
6.72
0.27
R
0.20
0.79
0.09
0.01
1.74
S
0.29
1.45
1.49
1.88
0.09
0.96
0.07
5.45
2.08
1.20

L
0.37
1.82
1.64
2.07
0.13
1.41
0.28
20.97
6.02
3.46
Lr
0.31
1.57
1.15
1.45
0.13
1.37
0.22
16.58
4.85
2.79
R
0.41
0.91
0.19
0.03
6.09
S
0.28
0.70
1.56
1.70
0.12
0.63
0.04
1.48
2.86
0.47
 
L
0.90
2.22
1.57
1.72
0.20
1.05
0.27
8.99
7.65
1.26
Lr
0.91
2.23
1.55
1.70
0.21
1.10
0.40
13.34
13.63
2.24
R
1.31
2.29
0.22
0.05
8.06
S
1.77
1.35
3.15
1.38
0.23
1.06
0.19
4.08
19.56
2.43
 
L
1.61
1.22
1.64
0.72
0.26
1.19
0.34
7.36
19.24
2.39
Lr
2.04
1.55
2.91
1.27
0.31
1.40
0.23
4.97
21.96
2.73
R
0.41
1.25
0.22
0.00
3.67
S
0.34
0.82
1.80
1.44
0.19
0.87
0.08
6.98
3.98
1.09
 
L
0.67
1.64
2.22
1.77
0.24
1.07
0.84
70.89
18.42
5.02
Lr
0.36
0.88
2.34
1.88
0.17
0.74
0.32
26.81
8.88
2.42
R
0.26
0.74
0.11
0.03
7.26
S
0.35
1.32
2.48
3.37
0.11
0.96
0.03
0.89
3.92
0.54
 
L
0.68
2.60
4.46
6.05
0.37
3.36
0.41
11.78
18.93
2.61
Lr
0.53
2.02
3.15
4.28
0.14
1.29
0.16
4.68
8.11
1.12
R
0.27
NA
0.10
0.35
0.32
S
0.13
0.48
0.33
NA
0.05
0.47
0.002
0.005
0.15
0.45
 
L
0.17
0.63
0.34
NA
0.08
0.79
0.02
0.05
0.60
1.84
Lr
0.19
0.71
0.61
NA
0.07
0.70
0.01
0.04
0.48
1.48
Bioaccumulation (BAF) – ratio of metal content in plant organ to metal content in soil; Translocation factor (TF) – ratio of
metal content in shoot (stem, leaves not rinsed, rinsed leaves) to metal content in root; NA-not assessed
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100 mg·kg-1, value which is a critical indicator of environmental pollution with zinc [90, 91]. Zinc is an
essential element involved in metabolic functions
and important for plant growth [92]. Its concentration in plant organs ranges from 5-300 mg·kg-1 [93]
and 100-400 mg·kg-1 [76].
The mean value for the content of nickel in
leaves (not rinsed) in "  from the investigated area was lower compared to moss samples
collected from the region of Kavadarci where mean
content of Ni was 80 mg·kg-1 [61].
Plant samples collected next to smelters often
display the highest values of heavy metal concentrations [64, 68] which is the case in this study as well.
Тhe highest concentration of Ni (470.59 mg·kg-1)
has been detected in the immediate vicinity of the
ferro-nickel smelter, this value being greater than the
limit value of 100 mg·kg-1 [76]. Beside Ni, high values of Zn and Fe have also been identified close to
this plant.
Detected high concentrations of Ni and Fe in
not rinsed leaves on several locations emphasize the
dominant influence of the ferro-nickel smelter, and
respectively the impact of fugitive dust emission and
its deposition on leaf surface. The presence of Ni and
Fe in emitted dust as a result of the activities of the
ferro-nickel smelter is confirmed by the conducted
monitoring of attic, total deposited dust, moss biomonitoring [19, 35, 61, 70, 75, 94, 95]. Higher content of Ni and Fe has also been detected in PM10 samples collected close to the ferro-nickel smelter, as
compared to PM10 samples collected in the urban
part of the city of Kavadarci [38]. Furthermore, the
content of Cu, Zn and Pb in PM10 samples collected
close to the ferro-nickel smelter was slightly increased.
The impact of dust emitted from the ferronickel smelter can also be observed by the statistically significant negative correlation between distance and Ni content in stem and leaves (both rinsed
and not rinsed) and by the content of Fe in stem and
leaves (not rinsed) of ", as depicted in
Fig. 2 and Fig. 3.
Nevertheless, the obtained results for Zn, Cu
and Cd in the aboveground organs reveal no agreement between the metal concentration and the distance from the source, thus suggesting that levels of
these heavy metals in plant organs are not correlated
with contamination caused by the ferro-nickel smelter.
Strong relationship between the soil pH and
heavy metal content in "was not observed, although biovailability of metals for plants is
significantly influenced by the pH condition [96,
97]. Zaprjanova et al. [98] found statistically significant correlation between the pH value of soils and
the content of Cd in all organs of Virginia tobacco).

Serafimovski et al. [62] in analyzed soil surface
samples collected at two localities (one in the NW
and the other in the S-SE from the ferro-nickel smelter) have observed increased values of Ni and Fe as
well.
The obtained results for the content of Pb, Zn,
Cu, Cd (Table 2) implicate that the soil is not contaminated with these elements and that the air deposit from the ferro-nickel smelter does not have a
significant impact on the content of these heavy metals in soil. Specifically, Boev et al. [37] and Boev
and Ajka [75] considered the presence of Cu, Zn and
Pb in PM10 particles in Kavadarci to be related to
fossil fuels combustion, emission of exhaust gases
from motor vehicles and burning of liquid and hard
fuels during the metallurgical process in ferro-nickel
smelter.
The concentrations of these elements are below
the limit values as indicated in [76-78].
Stafilov et al. [20] explained that soil pollution
in Kavadarci area with these elements is basically insignificant, in spite of their anthropogenic emission
as a result of the urban activities in the city. On the
other hand, some heavy metals in soil in Kavadarci
and its surrounding occur in high background concentrations, especially Ni [20, 61] irrespective to the
smelter.
pH value of the analyzed soils showed neutral
to weak alkaline reaction, which is typical for the
majority of soils in Macedonia [79].
Significant correlation between soil pH and distance from the ferro-nickel smelter has not been detected, while Vurayai et al. [66] found that soil pH
significantly increases with distance from the mine
smelter Selebi Phikwe in Botswana.
8;,.> :1 >30 10<<:94.607 =807>0< :9 >30
.:9>09>:130,@C80>,7=490;4/4?8/<,-,Accumulation of heavy metals in "has
been reported by a number of authors [4, 8, 42, 80,
81]. In the analyzed plant organs of "
these authors reported increased concentration of
heavy metals emitted as pollutants from various industrial installations (as smelter plants, mines, etc.).
Within this study, most of the analyzed plant
samples of "revealed higher concentrations of heavy metals in leaves as compared to the
roots. It is well known that plants known as accumulators or hyperaccumulators have a potential to accumulate high content of heavy metals in the above
ground organs [82-84]. Unlike them in non-accumulators most metals tend to be accumulated in the root
system [85, 86]. The accumulation of dry and wet
deposition on the outer surface of the plant organs
also has an impact on the concentration of metals in
the plants, besides root uptake [87].
The content of Cu, Cd and Zn in plant organs is
within the limit values [13, 88, 89]. Observed content of Zn in leaves (rinsed and not rinsed) is below
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The procedure of washing the leaves of 
"  prior to analysis reduces the total leaf
metal content, particularly for Ni and Fe, suggesting
that one likely source of these metals on the surface
of plant leaves is aerial deposition. Keane et al. [99]
found that the content of heavy metals in unwashed
dandelion leaves is considerably higher relative to

washed leaves and Karavin et al. [100] have
demonstrated that the element concentrations in
washed leaves of ""   L. tend to decrease.
On the contrary, the mean content of Zn and Cu
does not differ in a great extent in rinsed and not
rinsed leaves of "  (Table 4), which
again points the ferro-nickel smelter as the main
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significant heavy metal pollution from extraneous
source(s) has taken place.


"!'%"!

The air deposit from the ferro-nickel smelter
has no significant impact on the heavy metals content in soil within this area, proved by lack of correlation between the soil content and the distance from
the smelter. Statistical analyses indicate that the
ferro-nickel smelter’s air deposit contributes to the
content of Ni and Fe in leaves and stem of "
. However, the results for Zn, Cu and Cd point
out that the levels of these metals in plant organs do
not correspond with the pollution caused by the
ferro-nickel smelter.
" is a potential species for evaluation of atmospheric input of Ni and Fe in the environment, since there is a relationship between the foliar concentration of Ni and Fe and the distance from
the pollution source (the increase of distance causes
the decrease of the content of Ni and Fe in leaves
(not rinsed). Accordingly, there is a perspective for
use of this plant as biomonitor of air pollution with
Ni and Fe.

factor for pollution, but only with iron and nickel as
the main constituent of the processed ore. Ataabadi
et al. [101] have not detected significant differences
in content of Zn and Cu in washed and unwashed
leaves from several plant species collected in the
vicinity of Mobarakeh Steel Company, but
significant differences were observed for the content
of Ni and Fe. According to these authors part of Zn
penetrates quickly into the leaf tissues, therefore it is
not easily removed by washing procedures.
The transfer factor for Ni and Fe in most of the
analyzed leaf samples of "is > 1 (Table 5), which according to Baker and Brooks [82] indicates that the plant can translocate these metals effectively from the root to the shoot. When a plant
species is to be regarded as an accumulator or hyperaccumulator, besides the TF, other factors should
also be considered, such as: plant features (the leaf
shape and size, orientation, texture, presence/absence of hairs), climatic, spatial features of the terrain, and features of deposited elements [100, 102].
The most relevant factor is the exeptional high
content of heavy metals in the above ground organs,
such as the hyperaccumulation treshholds for Ni, Cu
and Pb above 1000 mg·kg-1; and 10000 mg·kg-1 for
Zn [82, 103]. However, such treshhold for Fe is not
yet defined. Serrano et al. [104] considered the same
threshold for this metal as for Zn, because of the similar physiological function as micronutrient in plants.
Consequently, although at some locations high content of Ni and Fe was detected in leaves of "
, we still cannot regard this species as a potential accumulator of Ni and Fe. This is well explaned
by the impact of the ferro-nickel smelter’s air deposit.
Significant correlations of the concentrations of
individual heavy metals between different organs of
"were detected (Table 6).
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The Tohma Stream is among the most important tributaries of the transboundary Euphrates
River. The aim of this work is to evaluate which are
the most important environmental variables that
might affect epilithic communities in Tohma
Streams and species composition in microhabitats. A
total of 89 taxa belonging to 4 phyla were identified
in the study area (Bacillariophyta, Chlorophyta, Cyanobacteria and Charophyta). According to temporal
and spatial heterogeneity of Tohma Stream, ecological indices of epilithic algal composition demonstrated significant differences at the 95% confidence
level. Mean DIN: SRP< 10 ratio was recorded at sts
4, 5, 8 and 9 in dry and wet seasons. Mean DIN: SRP
was detected 80.028 ratio due to excessive pollution
runoff. There was a correlation between community
diversity and Bacillariophyta which is the most
abundance group. According to changes in the species level of community composition, stations have
been separated into 2 main groups in UPGMA cluster analysis. St11 was placed 2nd main group and this
situation has also been confirmed in the RDA analysis due to Tohma Stream derived mainly from agricultural, domestic and organic runoffs from industrial zone were mostly higher than the other stations.

Biological analyses can detect possible variations in water quality, as well as the environmental
variations seen over time and the diversity of aquatic
organisms. Instead of water quality parameters,
abundance and population dynamics of algae are often used for variations in ecological conditions, particularly in relation to physical and chemical variables [4-6]. Especially, changes in the algal community dynamics and abundance greatly affect the
aquatic ecosystem structure, including shifts in nutrient cycles [7-9]. Algal communities are recognized for water quality assessment and also used as
indicators of climatic changes and anthropogenic effects. Wang et al. [10] and Tan et al. [11] stated that
algal biomass and community variety is seen the longitudinal variation of the stream due to changes in
environmental factors. Especially epilithic algae are
ubiquitous in streams and play principally significant roles as primary producers at the interface of the
physico-chemical environment and the community
due to growth in various microhabitats [12-14]. Tan
et al. [11] and Mao et al. [15] observed that the spatial disturbance effects, the effects of anthropogenic
stressors and physical variables (current velocity,
substrate, depth) on river assemblages may change
temporally and on microhabitat differences, inducing distinctly temporal stress–response relationships.
The hypothesis of this study was that the variables of water quality should have a significant effect
on the community structure and thus on the selection
of various functional properties and strategies of algae species. The major objectives of the present
study are to define the algal community structure and
distribution through the upstream to downstream in
order to characterise the main ecological factors that
are related to the pattern of algae in the Tohma
Stream which is one of the most important sources
that feed the transboundary Euphrates River. The
aims of this study are (a) to evaluate the differences
at species composition in microhabitats, (b) to evaluate the most important environmental variables that
might differentiate epilithic communities in Tohma
Streams, and (c) to compare the respective roles
played by ecological variables in determining epilithic communities.

+*"%&
Epilithic algae, ecological factors, RDA, UPGMA, Tohma
Stream
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Algae contribute to a major group of primary
producers in aquatic ecosystem and have an important role in the trophic dynamics and freshwater
ecosystem. Especially river habitats are much more
affected ecosystems by anthropogenic factors. Since
rivers are open systems, they are very easily affected
by changes. Changed physicochemical properties of
water in rivers also affect biological diversity [1-3].
Hence, it is important to assess water quality by biomonitoring studies.
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&4>0=/0=.<4:>498The Tohma Stream is among
the most important tributaries of the transboundary
Euphrates River, having a height of approximately
1650 m. Tohma Stream has formed of two main basins: Ayvalı-Tohma and Gurun-Tohma. The study
area included from the upstream of Tohma (from
Gurun-Tohma basin) to downstream (runoff stream
to Euphrates River). The Tohma Stream has a length
of 53 km long and a surface area of 389 ha (Figure
1).
The stream has an inner Anatolian flow regime
characterized by an extended summer drought. In the
study area, the high temperature is 25°C in summer
(July) and decreases to 6.7°C in winter (December).
Littoral vegetation of the Tohma stream, which is
only partially shaded, changes in relation to the longitudinal gradient and its distribution is varied by anthropogenic activities. Tohma Stream is surrounded
by settlement and agricultural areas from upstream
to downstream.
We analysed the data collected in monitoring
surveys conducted between July 2010 and June
2011. The data included water quality parameters
and epilithic algae distributions. Accordingly,
Tohma Stream was divided into microhabitats; we

identified 11 stations representing the highest possible heterogeneous microhabitats in terms of flow
characteristics, riparian macrophyte, and water depth
in order to detect differences in the response of epilithic flora (Table 1).
' 
092<,:34..99</48,>0=91>30=,7:6482=>,>498=
48>30'937,&><0,7
Stations
Coordinates
st 1
N38°36.678' E037°28.917'
st 2
N38°32.974' E037°29.992'
st 3
N38°32.152' E037°30.805'
st 4
N38°31.214' E037°36.778'
st 5
N38°30.016' E037°37.968'
st 6
N38°29.310' E037°45.625'
st 7
N38°30.617' E037°50.928'
st 8
N38°30.968' E038°01.590'
st 9
N38°31.308' E038°05.044'
st 10
N38°24.055' E038°12.377'
st 11
N38°29.388' E038°12.526'
,>, .9660.>498 Samples were monthly collected from each site. Water temperature, pH, dissolved oxygen (DO), and specific conductivity at 25
°C (EC25) were measured in situ using field-type
portable instruments (YSI-60, YSI-55 and YSI-30,
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/ is the number derived from the Shannon diversity index and /#, is the maximum value of /
[39, 41, 42]. The Pearson’s correlation analysis was
performed to determine the correlation between
physical and chemical parameters and epilithic algal
abundance in the Tohma Stream ecosystem.
Whether or not the mean of index variables differs
from a specified constant was analysed by T test. The
statistical tests were carried out using SPSS (version
15.0).
The UPGMA (unweighted pair group method
using arithmetic averages) cluster was used in order
to determine differences between epilithic algal
communities, to make qualitative comparison with
the groups and to make classification for similar
sampling points based on algae species. The UPGMA analysis was performed by using NTSYS (version 2.0) software program. The methods of direct
gradient analysis can analyse large datasets without
losing original information [43]. It is implied at the
stage of the ordination in the direct gradient analysis.
According to the result of the detrended correspondence analysis (DCA), a redundancy analysis (RDA)
was carried out using CANOCO (version 4.5) to
evaluate changes in algal composition due to temporal and spatial distributions [44, 45]. Redundancy
analysis (RDA) was mainly used to test the environmental variables influencing the algae species. The
data of species were transformed by log10(x+1) before the RDA analysis [46]. Monte Carlo permutation test for the significance of regression was performed for environmental variables to explain the
data of the species during RDA.

respectively). Ammonium (NH4-N; DIN38 406-E5–
1 standard method), nitrite (NO2-N; DIN38 405-D10
standard method), nitrate (NO3-N; DIN38 405-D9-2
standard method) and soluble reactive phosphate
(SRP; DIN38 405-D11-1 standard method) were analysed to determine nutrient amount in the preserved
water samples filtered with millipore filtration unit
by using Whatman GF/C glass-fibre filters [16].
Magnesium (Mg) and calcium (Ca) concentrations
were analysed based on titration methods for water
hardness [17]. Nutrient analyses such as NO3-N,
NO2-N, NH4-N and SRP were finished in the laboratory within 24 h of sample collection. 
Chlorophyll a (Chl-) and b (Chl-), carotene
and pheophytin quantities were determined spectrophotometrically by extracting the pigments with acetone after freezing and melting [18, 19]. Epilithic
algae samples were collected from randomly selected stones at each station in all sampling period.
Stone surfaces (average 30 cm2) were scrubbed in a
recipient with clean water and fixed with 4% formalin [20]. Collected samples were divided into two
parts to evaluate qualitatively and quantitatively of
algae and diatom. 10 ml of sample was boiled with
nitric acid solution and sulfuric acid for 20 minutes
in order to dissolve the organic substances in the
samples taken for identification of diatoms. Identification and quantitative analyses of the algal taxa
were carried out in accordance of standard literature
[21-37].
&>,>4=>4.,6,==0==708>Epilithic algae samples
were evaluated in terms of abundancy, Simpson’s
dominance, Shannon-Weaver’s species diversity,
Margalef species richness and Pielou’s evenness indices. 
The Simpson dominance index [38]:

 
 
& is the proportion ($) of individuals of one
particular species found ($) divided by the total number of individuals found (), and ( is the number of
species.
Shannon-Wiener diversity index [39]:

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

*,>0< ;?,64>C Physical and chemical variables demonstrated significant temporal and spatial
changes which were given in Table 2 as mean values
with distribution. Dissolved oxygen (DO) values
were measured 0.12- 10.35 mgL-1 (st 11, October
and st 1, January, respectively). Industrial zone runoff was near st 11. For this reason, the mouth of
Tohma Stream was affected by pollution and DO
concentration was reflected in anoxic condition. In
the same sampling period (October) EC25 was detected as 2512 µScm-1 in st 11 due to run-off pollution. The highest value of NO2-N was 0.038 mgL-1,
which was measured at sts 1 and 2 in August. Due to
the presence of settlement areas around st 1, the surplus of organic pollution load in the region may explain the reason for the sudden changes in NO2-N
concentrations. While NO2-N was not measured in
September, NO2-N was determined 0.02 mgL-1 in
October due to the fact that wastewater from industrial zone was discharged. According to Turkish Water Quality Standards [47], NO2-N values were found
in class 2 water quality during the study period and 



    



  



( is the number of species;  is the number of
individuals in species in the community;
Margalef’s species richness [40]:



is the number of species in a sample; is the
number of individuals in a community;
The evenness of a community can be represented by Pielou's evenness index [41]:
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11

(‰)
0.200
0.000
0.200
0.000
0.200
0.000
0.263
0.052
0.288
0.035
0.288
0.035
0.300
0.000
0.300
0.000
0.275
0.071
0.263
0.052
0.663
0.354

(µgL-1)
0.492
1.678
1.212
2.407
1.608
3.006
0.509
1.726
0.542
1.861
0.538
1.729
0.518
1.724
0.803
1.770
0.551
1.742
0.050
0.048
0.440
0.338

(mgL-1)
0.001
0.001
0.001
0.001
0.001
0.002
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

(mgL-1)
0.002
0.003
0.003
0.005
0.053
0.187
0.000
0.000
0.001
0.001
0.001
0.002
0.000
0.000
0.000
0.001
0.000
0.000
0.001
0.001
0.002
0.002

(mgL-1)
0.004
0.007
0.005
0.010
0.004
0.000
0.003
0.004
0.003
0.005
0.002
0.004
0.003
0.005
0.002
0.005
0.003
0.006
0.004
0.005
0.035
0.062


class 3 water quality in October and November. The
highest nitrate value was measured as 0.048 mgL-1
NO3-N at st 3 in August and June. Tohma Stream has
the first class water quality in terms of NO3-N nitrogen during the study period. The NH4-N value was
measured in low quantities (mean values, 0.001
mgL-1) throughout the Tohma Stream. The highest
NH4-N value was measured as 0.393 mgL-1 at st 11
in June. The abundance and composition of epilithic
algae decreased due to the industrial pollution in this
region. The highest SRP value (6.767 µgL-1) was
recorded at st 11 in October due to the wastewater
discharge. SRP values were recorded in class 3 water
quality at st 2 (October and February), st 8 (August
and February) and st.11 (August, October, November and June).
In accordance with the Redfield [48], the stoichiometric ratio of 16N: 1P is a commonly applied
criterion in defining the nutrient limitation in aquatic
ecosystems [49]. Figure 2a shows temporal changes
of DIN: SRP ratio in Tohma Stream. According to
Villar-Argaiz et al. [50], DIN and SRP at low concentrations affected algal abundance and Chl-
amount. The algal composition and abundance were
dependent on SRP when N: P > 17, and on N when
N: P < 10 [51, 52]. Mean DIN: SRP< 10 was recorded at sts 4, 5, 8, and 9 in dry and wet seasons (Figure 2b). SRP concentration can be affected by rain
and agricultural activities in these seasons and stations. Mean DIN: SRP was found > 17 in the other
stations (except for st 6, DIN: SRP= 12.708). The
highest DIN: SRP ratio was detected as 80.028 ratio

Hardness

(µScm-1)
495.177
44.085
482.169
22.751
495.031
24.648
537.062
41.121
571.692
37.326
578.692
40.223
583.769
42.954
569.154
36.517
610.923
82.215
546.900
118.280
1179.091
579.230

15.856
4.120
17.838
7.681
15.151
2.807
17.318
3.466
18.168
4.941
15.801
3.752
16.285
3.777
17.851
3.379
18.901
4.918
16.435
5.124
21.183
5.027

48>30

Organic
matter

10

8.552
0.254
8.292
0.510
7.986
0.691
8.465
0.355
8.574
0.106
8.585
0.117
8.468
0.403
8.486
0.206
8.394
0.315
8.348
0.265
8.536
0.334

>9?80

SiO2

9

NH4-N

8

NO2-N

7

NO3-N

6

SRP

5

Salinity

4

(mgL-1)
8.071
1.182
7.834
0.610
7.785
0.607
7.857
1.088
7.806
0.783
7.813
0.900
7.761
0.985
7.378
0.962
6.872
1.304
6.384
0.810
4.875
1.348

EC25

3

°C
13.454
4.090
14.115
3.363
15.292
3.800
16.292
4.918
16.031
5.157
15.438
5.185
15.762
6.053
16.146
5.299
16.800
5.053
15.458
3.647
16.409
4.332

pH

2

mean
± SD
mean
± SD
mean
± SD
mean
± SD
mean
± SD
mean
± SD
mean
± SD
mean
± SD
mean
± SD
mean
± SD
mean
± SD

DO

1

Temperature

Stations

' 
'3070,808@4<98708>,6@,<4,-60=91>30=,7:6482=>,>498=.9660.>0/1<97?6C
'937,&><0,7

(mgL-1)
0.071
0.042
0.049
0.017
0.081
0.105
0.100
0.112
0.064
0.045
0.054
0.019
0.056
0.020
0.057
0.022
0.066
0.025
0.054
0.028
0.054
0.023

(mgL-1)
0.538
0.213
0.506
0.203
0.558
0.270
0.612
0.270
0.642
0.321
0.608
0.302
0.634
0.264
0.663
0.377
0.692
0.299
0.670
0.387
0.665
0.375

due to excessive pollution discharge. Biogeochemical relationships between organic matter, SRP and
silica have been observed in different ecosystems in
several studies [53-55]. Our results demonstrated
there were significant relations between SRP and
SiO2 (r= 0.715, P< 0.01); SiO2 and organic matter
(r= 0.704, P< 0.05). There were very high correlations between SRP and organic matter (r= 0.959, P<
0.01, Table 4).
:464>34.,62,0.97:9=4>498,8/=><?.>?<0In
Tohma Stream, a total of 89 taxa belonging to 4
phyla were identified in the study area: 74 taxa belonging to Bacillariophyta, 8 taxa belonging to Chlorophyta, 5 taxa belonging to Cyanobacteria and 2
taxa belonging to Charophyta.
Bacillariophyta was the most dominant group
and constituted 98.57% of the total species abundance, followed by Cyanobacteria (0.67%), Chlorophyta (0.66%), and Charophyta (0.04%) in Tohma
Stream. + *")' &*$)) was the most dominant
species (6.92%) contributing to the total of 89 taxa,
which was followed by %%$ ( &"$)*"
(6.67%) and $$)( # $*) (( # (6.37%). On
the other hand, "%&%'"%#') was found as
dominant species in Chlorophyta and ( "")%' 
'+ ( was found in Cyanobacteria as the most dominant species (the frequency of epilithic algae species
were given Table 3). Considering the temporal variation of distribution of algae dynamics, Bacillariophyta which is the most dominant group has two
maximum periods: the highest abundance in winter

2206

10

)&.'"2)*#",  





+","(%.,(/%+)('"(-&.&&"-%(


while  )' &*$)) has high abundance in every
season;  # $*) (( # and  &"$)*" were
demonstrated low abundance in late summer and autumn. According to Tsoi et al. [57] our results indicated that the most common species are recorded together  *"$ occurring only in cold season and it
was not found the other seasons. In November, Chlorophyta, and Cyanobacteria had significant growth
period. Charophyta was more abundance in February. Generally, it was observed that epilithic algae
population had the higher peaks in cold period.

(December and January) and lower second population in early summer (May and June) (Figure 3).
Among Bacillariophyta, the most abundant taxa
were )' &*$)), *"$ and &"$)*" in December. # $*) (( #, (*"+)*# and *"$
were recorded more abundant taxa in January. Karacaoğlu and Dalkıran [56] observed that the highest
diatom density was recorded in January. In second
temporal maximum population abundance, 
# $*) (( #, )' &*$)) and # $*) were observed. According to Tang et al. [9], Mao et al. [15]

,
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' 
'301<0;?08.C910:464>34.,62,0<0.9</0/48>30'937,&><0,7
&:0.40=
,.466,<49:3C>,
$$)(# $*) (( # Kützing
$$)  *#spKützing
#&%'%+" ((Kützing) Kützing
 ""' sp . Gmelin
"%$ (#& ($(Saint Vincent) Cleve
"%$ (" #%((Kützing) Patrick
+ $*"+ $$) Antoniades & Hamilton
$)'%$"" sp. Voigt
%%$ (&"$)*" Ehrenberg
-#)%&"*'"" &) (Brébisson) Smith
-#)%&"*'(%"(Brébisson) Smith
-#"" $ ( Kützing
-#"" ()*" (Ehrenberg) Kirchner
-#""*(& ) Kützing
-#""-# %'# ( Agardh 
-#"""+)  Kützing
-#""# $*) (Rabenhorst)
-#""&'%()') (Berkeley) Cleve
-#""( $*)Gregory
-#"")*# (Brébisson) van Heurck
)%# #"var. #(%%$(Ehrenberg) Kirchner
)%# #"(Lyngbye) Heiberg
)%#+*"'var'+Saint-Vincent
)%#+*"' (Bory
)%#"""%' $ Smith. Greville
& )# .'(Ehrenberg) Kützing
*$%) '*(var."", (Hustedt)
' ""' +*' (Kützing) Peters
%#&%$#*# $)*#(Ehrenberg)
%#&%$#$*()*# Agardh
%#&%$#**'Ehrenberg
%#&%$# $)' )*#var.&*# "(Cleve-Euler)
%#&%$# $)' )*#var. + ' %(Ehrenberg) Cleve
%#&%$#%" +*#(Hornemann) Kützing
%#&%$#&'+*"*#(Kützing) Kützing
%#&%$#(*"+)*#(Grunow) Grunow
%#&%$#)'*$)*#var. & ))*# (Ehrenberg) Patrick
%#&%$#+$)' %(*#Gregory
-'%( #*# $)*#(Kützing) Rabenhorst
-'%( #))$*)*#(Kützing) Cleve
-'%( #, # *#(Thwaites) Boyer
$).( + ') (Roper) Grunow
()%"% (# ) Smith
"%( ' ()$(var. " ')(Ehrenberg) van
Landingham
"%( '+' $(Agardh
+ *"& ))%' )Germain
+ *"" ($( ((Grunow in Van Heurck)
+ *"' ##  Krasske
+ *"%"%$(Kützing) Kützing
+ *"&'' $(Ehrenberg) Kützing
+ *"(*) %'# ((Grunow ex Schmidt)
+ *")' &*$))(Müller) Saint-Vincent
  *# '  ((Ehrenberg) Cleve
 ).( "& $ Hustedt
 ).( '+ (( # (Grunow in van Heurck)
 ).( ( #%  Ehrenberg
 $$*"' %'" (Ehrenberg
 $$*"' & (%&" (Cleve
 $$*"'  $)''*&)Smith
 $$*"' (*(%"' ((Grunow) Cleve
"*'%( #*()'"Grunow
% %(&$ '+ )(Agardh) Lange-Bertalot
% %(&$ *'+)(Kützing) Grunow
%&"%  '*"EhrenbergMüller
)*'%$ ($&(Ehrenberg
)*'%( '"""&)%()*'%$(Ehrenberg) Williams &
Round
*' '""$*()Kützing

=> 


=> 


=> 


=> 


=>


=>


=>


=>


=>


=>




67
25
75
17
17
8
100
33
33
42
8
83
50
75
25
25
25
75
8
17
8
17
50
8
8
8
42
33
50

25
8
42
8
8
8
17
100
42
8
8
67
8
58
42
58
33
8
8
25
83
8
50
11
8
17
8
8
17
58
17
50

42
8
50
8
42
8
8
8
83
8
25
17
67
25
92
33
50
75
17
42
50
33
17
25
25
58
58
58

75
13
88
13
100
50
13
38
63
63
62
50
50
75
25
25
63
13
25
63

75
25
67
8
8
75
33
8
17
67
8
42
42
83
67
42
75
75
25
75
8
25
8
8
33
33
92

75
75
8
83
33
8
17
42
42
92
83
75
42
92
50
92
17
8
50
17
42
25
100

91
9
82
9
73
36
36
27
64
9
18
36
100
91
46
64
82
18
82
9
46
9
9
36
18
91

89
11
89
11
100
67
11
22
56
22
78
100
100
44
89
78
11
67
11
33
22
33
22
89

50
17
92
8
8
83
17
17
25
8
8
100
92
67
67
8
75
8
25
8
42
8
17
8
8
33

0.25
0.92
0.17
0.08
1
0.08
0.5
0.25
0.17
0.08
0.33
0.75
1
0.33
0.25
0.25
0.25
0.58
0.25
0.42
0.08
0.67
0.17
0.17

=>

36
55
64
9
82
9
9
9
27
9
64
18
18
27
55
9
27
9
9
9
45
82
9

-

8

-

-

-

-

9

-

17

0.42

9

67
83
8
8
-

50
83
17
8
-

58
50
8
-

38
13
-

25
58
8
-

42
58
8
-

46
46
17
-

11
33
-

8
42
8
-

0.42
0.25
0.08
0.1
0.08

18
18
-

50

92

58

-

25

8

-

-

8

0.33

27

50
92
17
17
33
100
8
83
17
25
11
13
100
92
67
17

42
50
8
33
92
92
8
25
8
8
58
92
92
8
8

25
42
8
92
92
25
25
58
92
58
8

13
25
38
13
13
25
13
13
13
-

25
58
8
25
50
92
8
58
8
8
8
58
75
58
8
-

50
17
8
42
92
75
8
8
67
67
93
-

18
64
18
73
46
100
73
9
27
55
36
18
18

11
22
11
33
22
11
11
44
11
22
11
22
67
44
-

25
58
25
75
17
67
58
8
17
8
50
58
42
-

0.83
0.83
0.42
100
0.8
0.25
0.08
0.92
0.75
0.17

73
64
9
9
9
46
82
46
55
18
18
9
73
18
9

-

-

-

-

-

-

-

-

8

0.08

-

8

25

17

-

-

-

-

-

-

-

9
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&:0.40=
*' '""' ((%$ (Krammer & Lange-Bertalot)
*' '""&'%$ Brébisson
*' '""%+" (Brébisson
*' '""%+)var. '*#$(Brébisson) Hustedt
*' '""(& '" (Kützing
-$'*"$(Nitzsch) Ehrenberg
-$'*"$var. %,-'-$*((Kützing) Van Heurck
369<9:3C>,
) $()'*#$).( Lagerheim
"%&%'"%#')(Linnaeus) Kützing
"%&%' sp. Kützing
%$ *# sp. Link ex Hirn
'%)%%*(+ '  (Agardh
$(#*( !*)*(Kützing
"%)' ,#%$ " %'# (Kützing
"%)' ,(*) " (( #Rabenhorst
3,<9:3C>,
%(#' *#%'#%(*"*#Hoff
& '%-' sp. Link
C,89-,.>0<4,
$$%$()' )(Szafer) Geitler
'%%%*()*' *((Kützing) Nägeli
-$-#')$( $Meneghini
( "")%' '+ (Kützing ex Gomont
( "")%' )$* (Agardh

=> 
67
8
100
17

=> 
17
92
8

=> 
25
17
100
8

=> 
13
75
-

=>
33
92
17

=>
8
8
100
17

=>
27
18
82
-

=>
22
11
-

=>
8
8
92
-

=> 
0.08
0.25
0.08
0.42
0.33

=> 
9
9
18
18
18

83
58
50
75
67
50

25
58
8
8
-

33
58
17
17
8

50
25
13
13

33
58
8
8
-

58
58
17
17
8
8

36
55
9
9
-

56
56
22
11
11
-

58
58
17
-

0.83
0.17
0.08
0.08
1
-

18
9
9
-

8
33

17
17

8
25

13
-

8

8
8

9

11

8
17

0.25

-

58
25
50
75
67

17
17
8
33

8
8
8
8
17

13
25
38
25

8
17
-

8
17
17
17

9
9
9
18

11
11
11
22
22

8
17
17
25

0.08
0.08
0.75
0.83

9
-
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(% 
98>36C@,<4,>498=48>30<06,>4@0.98><4-?>498=91/4110<08>0:464>34.,62,02<9?:=>9
>30>9>,6,-?8/,8.091:9:?6,>498
Pigment analysis such as chlorophyll, carotene,
and pheophytin was measured in the study area. The
highest Chl- value was observed in the cold season
(0.035 µgL-1 in January) due to the abundance of Bacillariophyta. Chl- values similar to Chl- were recorded maximum values in December and January. In
particular, a significant decrease of the relative proportion of Bacillariophyta has affected chlorophyll
values in July, August and September. In particular,

diatoms proved again to be the photosynthetic group
most negatively influenced by drought and chlorophyll content was influenced diatoms, was also observed in previous studies [58, 59]. The results indicated that SRP (0.222 µgL-1) and NO3-N (0.010
mgL-1) was the limiting factor for algal abundance in
July. Carotene and pheophytin contents have the
lowest values in August (0.01 μgL-1 and 0.004
μgL-1, respectively).
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Stream morphometry, hydrology, and water
quality are criteria for the community composition
and dynamics. The study area had the highest diversity and evenness indices in December; whereas,
richness had the highest score in July (Figure 4). Bacillariophyta constitute a large part of the total abundance and dominancy. Therefore Bacillariophyta
had an effect on Shannon species diversity index (r=
0.651, P< 0.05; Table 4). The Shannon species diversity, richness, and evenness generally demonstrated the highest values at sts 1 and 10. This situation was reflected in RDA triplot and species distribution was more located at sts 1 and 10. When

examining whether or not the mean weight of stations differs from indices at the confidence level of
95%, diversity (T= 55.928; p=0.000), evenness (T=
40.729; p=0.000), and richness (T= 28.172;
p=0.000) were different from in terms of months.
The indices per station showed significantly attribute
to the species and individuals due to (T= 30.045;
p=0.000), evenness (T= 31.238; p=0.000) and richness (T= 14.828; p=0.000). According to temporal
and spatial heterogeneity of Tohma Stream, ecological indices of epilithic algal composition showed
significant differences have been observed in several
studies [10,11].

' 
#0,<=98.9<<06,>498.90114.408>=-0>A008,-?8/,8.0910:464>34.,62,6=:0.40=,8/08@4<98708>,6@,<4,-60=
48>30'937,&><0,7
Tem
DO
pH
EC25
Sal
SRP
NO2-N
NO3-N
NH4-N
SO4
Hard
SiO2
OrgMat
Bacil
Chloro
Charo
Cyano
Diversity

Tem
1
-.888**
-.595*
0.131
0.235
-0.031
0.558
0.476
0.346
-0.312
.737**
0.144
0.108
-0.485
-.730**
-0.206
-0.107
-.182
SO4

DO

pH

EC25

Sal

SRP

NO2-N

NO3-N

NH4-N

1
.657*
-0.407
-0.43
-0.342
-0.553
-0.512
-0.46
-0.288
-.651*
-0.386
-0.471
0.414
.774**
0.157
0.159
.193
Hard

1
-0.466
-0.525
-0.299
-0.489
-0.174
0.114
-0.076
-.589*
-0.089
-0.427
0.333
.673*
0.16
-0.106
-.313
SiO2

1
.983**
0.551
0.4
0.065
0.429
.781*
0.194
0.307
.597*
0.059
-0.106
-0.024
0.515
.361
OrgMat

1
0.033
0.644
0.288
0.694
0.851
0.421
-0.353
0.534
0.411
0.227
0.059
0.579
.550
Bacil

1
0.092
-0.031
-0.006
0.702
-0.008
.715**
.959**
-0.241
-0.249
0.165
-0.085
-.233
Chloro

1
.589*
0.202
0.622
.771**
0.231
0.149
-0.501
-0.34
0.045
0.376
-.0780
Charo

1
0.481
0.075
.656*
0.116
0.018
-0.01
-0.32
0.05
-0.343
-.031
Cyano

1
0.4
0.226
0.13
0.043
0.3
-0.051
-0.005
-0.033
.017
Diver

Tem
DO
pH
EC25
Sal
SRP
NO2-N
NO3-N
NH4-N
SO4
1
Hard
-.264
1
SiO2
0.711
-0.084
1
OrgMat
0.684
0.025
.704*
1
Bacil
0.186
-0.523
-0.162
-0.227
1
Chloro
0.189
-0.534
-0.175
-0.427
0.448
1
Charo
0.564
0.202
0.087
-0.095
-0.102
0.407
1
Cyano
0.417
-0.055
-0.03
-0.074
-0.08
0.374
-0.078
1
Diversity
.060
-.105
-.369
-.149
.651*
.223
-.243
.343
1
P<0.05; **P<0.01
(Abbreviations: Tem: Temperature; Sal: Salinity; Hard: Hardness; OrgMat: Organic matter; Bacil: Bacillariophyta; Chloro:
Chlorophyta; Charo: Charophyta; Cyano: Cyanophyta; Diver: Diversity)
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The distribution of species abundance at sample stations was analysed by UPGMA cluster analysis (Figure 5). In Tohma Stream, the distribution of
species abundance was divided into 2 main groups
in terms of stations. St 11 was separated from the
other stations as one of the main groups. The other
stations were taken under the second main cluster,
also divided into two sub-clusters. sts 1, 2, and 3
gave similar algal composition. As a result of the
analysis, sts 5 and 8 were determined to be similar to
each other in terms of species composition. According to DIN: SRP ratios, sts 5 and 8 had DIN: SRP<10
result impact on community dynamics. It was affected by industrial pollution and st 11 was located
in a different cluster in similarity analysis. This difference was also determined in the water quality
analyses and it was seen in RDA triplot. According
to Tsoi et al. [57] and Ledger et al. [60], seasonal and
nutrient variations occurred in heterogeneity and
successional dynamics of algal community.

Chlorophyta, it was negatively affected by temperature (p <0.01). The correlation between SRP and
SiO2 and organic matter was determined (r= 0.715
and r =0.959; p< 0.01, respectively). SiO2 and SRP,
which were necessary for the population dynamics
and development of the algal community, were correlated with each other. Previous studies indicated
that Bacillariophyta may be altered the silica concentration in the stream because they contain considerable amounts of silica in the frustule [53-55, 61]. In
this study, Bacillariophyta was the most dominance
group (98.57%) of the total dominance and they may
be affected SiO2 concentrations. 
The ecological factors and algal community
distribution in the study area were analysed by RDA
(Figure 6). According to results of Pearson’s analysis, DO, pH and, water temperature had a negative
correlation. Algae population was widely distributed
near sts 1 and 10 in triplot. Similarly, while diversity
and evenness indices, which are the community analysis, had the significant high score at st 1, richness
had significant high score at st 10 (Figure 4). Locations where the species composition was concentrated in the RDA triplot diagram confirmed the index results. The consumption of SiO2 by algae population causes the periodical decrease of diversity
[54, 55, 62]. St 4, which had low index scores, also
reflected this in the RDA analysis.

@,6?,>49891A,>0<;?,64>C,8/0:464>34.,6
2,0 /C8,74.= The correlation between ecological
variables and algal groups was determined by Pearson’s correlation analysis (Table 4). The interaction
between water temperature and DO, pH was determined by using Pearson’s analysis. While there was
a high degree of correlation between DO, pH, and

(%
(# -,=0//08/<92<,7910:464>34.>,B,48'937,&><0,7
The numerical scale indicates habitat similarity.
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Especially epilithic algae, as adaptations to the
habitats, have been used by many researchers [12,
57, 59, 62, 63]. Through the river flow, the quality
variations arising from environmental factors have
caused the change in the population dynamics and
abundance of the algae. According to changes in the
species level of community composition, st 11 was
the 2nd main group in UPGMA cluster analysis. This
situation was also confirmed in the RDA analysis.
Especially in October and November, st 11 exposed
to intense pollution was localized in the centre of
triplot diagram as closely correlated to pH, EC25,
NO2-N, and NH4-N. Nutrients (N and P) are a significant factor in determining the water quality of the
study area. NO2-N value was found in class 2 and

class 3 water quality. The NH4-N concentration in
Tohma Stream (st 11) derived mainly from agricultural, domestic and organic runoffs from industrial
zone was mostly higher than the other stations. NH4N is bioavailable for algae uptake [13]. However, nitrogen concentrations were not related with algae in
Pearson’s correlation analysis (Table 4). NH4-N,
SRP values were affected by anthropogenic runoff.
According to [56] &"$)*" and )' &*$))
were more abundant species and were close to st 10.
On the other hand, the fact that  )' &*$)) had
higher dominance in st 11 showed that it had a high
tolerance to environmental variables [56]. # $*)
was another more abundant species which had reflected the same trend with hardness and organic
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matter. # $*) (( #was observed not to be correlated with environmental factors in RDA triplot had
higher dominance at st 11. It can be asserted that 
# $*) (( # had high tolerance to environmental
factors in this case [64].
De Jonge et al. [64], and Pandey et al. [55], concluded that since environmental stress factors replaced more sensitive species with more tolerant
ones in community composition, diatoms are more
sensitive to environmental stress factors. The species
observed in st 11 during the period of October and
continuing industrial pollution in Tohma Stream
were as follows; $$)  *# sp., # $*) (( #,
 &"$)*",  '+ (( #,  ( #% ,   (
)*", # $*), &'%()'), ( $*), )*# ,
 %" +*#,  &'+*"*#,  (*"+)*#, 
)'*$)*#,  +$)' %(*#,  '+ ),  *'
+), $)'%$"" sp.,   #",  +*"', 
*"$,  ()$(, +' $(, & ))%' ), 
" ($( (,  '## ,  &'' $,  )' &*$
)),  %'" (,  *# $)*#,  " &) , 
(%",  &'%$ ,  %+" (,  %+),  %+" (, 
"%#'), #%$ " %'# (, %'#%(*#, '+ (.
Most of these species belong to Diatom group. Recently, the study of Tan et al. [11], Mao et al. [15],
Lavoie et al. [62] and Pandey et al. [65] have shown
algae especially diatoms were recognized as good indicators of water quality and they respond quickly
habitat degradation. When industrial pollution is
clearly visible, these species have been recorded
with reduced their diversity.
Considering that many interrelated factors affect algal community structure, these analyses and
indices applied for future monitoring are a precious
contribution. The evaluated ecological variables (indices of community and multivariate analyses) were
found to be helpful in differentiating of microhabitats affected from environmental factors in the study
area on and the efficiency use of algal monitoring
tools [59, 66, 67]. Villar-Argaiz et al. [50] stated that
in rapid industrialization of the world, there should
be an interdisciplinary priority to obtain a better understanding about how multiple environmental
stressors interact as well as the predictive modelling
of their complex results.
In conclusion, variations in abundance and
community dynamics and structure of epilithic algae
can be used to monitor the effects of water quality
and inland pollution in the streams. The present
study reflected the effect of habitat heterogeneity
and anthropogenic impacts on the epilithic algal
communities. Given the limnoecological importance
of the epilithic algae and management, this study assesses our current understanding of the epilithic algae in terms of biomonitoring, including its function
in streams and its sensibility to numerous drivers in
that aquatic ecosystem. Water quality policies are
monitored using algae indicators which are widely
accepted and can be compared between countries
and over time. The data of this study are important

to provide a conceptual framework for monitoring
the progress in accordance with water policy objectives at an international scale in the basin of transboundary upper Euphrates River in which Tohma
Stream is the main tributary of Euphrates River.
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European beech-dominated natural forests are
prevailing forest habitats in highland and submountain landscapes of the European temperate
zone. Forest vegetation zone of beech forests is
environmentally important for its biodiversity,
which supports forest ecosystem service functioning. Conservation of natural European beech forest
habitats is in the focus of conservation efforts in
many European countries. This paper deals with
analyses focusing on conservation efficiency of
protected areas with the objective to maintain European beech-dominated natural forests. The study
area covers the territory of the Czech Republic, a
typical central European country. Methods of environmental assessment of conservation effectiveness
of protected areas draw on the Nature Conservation
Efficiency Index (NCEI) and CORINE habitats
datasets analyzed by applying Geographical Information Systems (GIS). The results of analyses of
the conservation efficiency of protected areas in the
conservation of beech forest habitats in the Czech
Republic indicate a low level of conservation efficiency. Relatively highest conservation efficiency
in natural beech forests (NCEI = 0.17) is achieved
only in the second zones of protected landscape
areas. Although the NCEI values are still very low
here, the established values have considerable potential for the future, as principles of sustainable
forest management will be applied in these zones of
protected landscape areas. Application of the presented method is appropriate for the environmental
assessment of conservation efficiency of protected
areas aimed at forest biodiversity. The results of
this study also suggest that the environmental interpretation of forest land-use in GIS analyses can be
used as a support tool for environmental assessment
of protected areas network efficiency with the objective of maintaining European beech forest biodiversity.

The environmental significance of old-growth
forests, defined as forest sites and stands that have
developed a high degree of naturalness, is seriously
increasing in European cultural landscapes [1]. Oldgrowth forests include both “primary old-growth”
(where natural processes are not influenced by humans) and “secondary old-growth” (which have
been influenced by human management in the past,
but not currently) [2, 3]. All old-growth forests are
considered natural forest habitats [4] in the focus of
European conservation efforts [5]. Only 1 % of
former natural forest habitats remain in Europe
nowadays [6, 7]. Despite this fact, monetary value
assessments of natural forest habitats suggest very
high environmental importance [8].
European beech (    L.) is the
dominant tree species of European temperate natural beech forests, interesting as research subjects for
studies on spatial forest structure related to biodiversity [9] and for studies on methods of sustainable forest management, which are aimed at maintaining forest biodiversity [10].
Natural habitats of European beech-dominated
forests consist of a mosaic of sub-stands which can
be typified into developmental phases by the structure of the tree layer [11]. However, natural regeneration of these forest habitats is very often limited
by undulate browsing pressure due to the absence
of large carnivore predators [12]. Natural cyclic
regeneration of European beech-dominated natural
forest habitats mainly includes tree species of the
terminal phases, especially beech itself. Changes in
tree composition within the cycle are an exception –
in European beech forest light-demanding tree pioneer species seem to be restricted to rather small
patches under natural conditions in contrast to the
massive developmental cycle in boreal spruce forests, where the role of pioneer tree species in forest
natural dynamics is very important in large areas
[13]. Investigation of gap characteristics and tree
regeneration patterns is central for our understanding of beech forest dynamics. Fine-scale gap-phase
dynamics is the main characteristic feature of primeval beech-dominated forest habitats in temperate
Europe [14]. Gap dynamics can exist now only in
strictly protected areas because most European
beech dominated forests have been managed for
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Environmental assessment, Fagus sylvatica, forest vegetation zone, gap analysis.
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80 days. The character of climatic conditions,
which show oceanic tendency without extremes in
temperature or humidity that are typical of continental climate, corresponds to the ecological optimum of the European beech.
For analysis purposes we chose the category
“protected landscape area”, which in the international context corresponds to IUCN category No. V
– protected landscape [21]. In the Czech Republic
each protected landscape area is divided into four
zones of differentiated nature protection:
Zone 1 (natural – core zone) – encompasses
natural and semi-natural forest communities, little
modified by humans, containing the most valuable
and diverse non-forest areas. Zone management
focuses on mild forms of forest management, selected parts of forests are left to spontaneous development, meadows and pastures are subject to special-purpose management.
Zone 2 (semi-natural) – encompasses forest
stands with more markedly modified species composition of close-to-nature forest communities and
species-rich grasslands. Its forest management favours natural regeneration, meadows and pastures
should be managed in an environmentally friendly
manner.
Zone 3 (cultural landscape zone) – encompasses monoculture production forests with a mosaic of meadows and pastures, scattered development
and a rich non-forest tree vegetation. Its aim is to
conserve and enhance the beauty of the landscape
character through regular management and respectful development.
Zone 4 (residential zone) – encompasses continuously developed areas with adjoining farmland
subject to intensive farming. Allows residential and
entrepreneurial activities and rather intensive farm
production.

timber production [15]. A growing interest in sustainable forest management aimed at maintaining
forest biodiversity is generally increasing [16]. The
implementation of sustainable forest management
should be based on knowledge of natural processes
in natural forest habitats [17]. That is why the role
of strictly protected areas in forested European
landscapes is essential. However, there is an important knowledge gap in environmental scientific
literature related to the conservation efficiency of
protected areas aimed at maintaining European
beech-dominated natural forest habitats.
We analysed the conservation efficiency of
protected landscape areas and national parks in the
Czech Republic in maintaining European beechdominated forest natural habitats. Based on both
Czech national classification of forest vegetation
zones and results of CORINE habitat analysis, we
used a gap-analyse approach applying GIS as a decision support tool for environmental assessment in
landscape [18]. The main aim of this paper is to
assess the conservation efficiency of protected
landscape areas in the Czech Republic in maintaining European-beech dominated natural habitats.
" !"!

!9:+= (7,( The research was conducted in
Central European mountain landscape in the 4th
forest vegetation zones of the Czech Republic [19].
Forest vegetation zones express a link between the
differences in natural forest vegetation and the differences in altitudinal and exposure climate. Forest
vegetation zonation depends predominantly on air
and soil temperatures and on the amount and temporal distribution of precipitation. Transitions between individual vegetation zones are usually continuous, their boundaries are of diffuse character,
and sharp boundaries are rare. Forest vegetation
zones thus represent a spatial framework for the
environmental differentiation of climatic characteristics in the landscape [20].
The 4th forest vegetation zone is the most
common in the Czech Republic; it covers 36 % of
the total area of the country. The fourth forest vegetation zone occurs in rugged highlands and mountainous areas, usually between 400 and 700 m a.s.l.,
in the Carpathian part of Czechia even above 800 m
a.s.l. The prevailing soil types include cambisols on
the most diverse soil forming substrates. Continuous occurrence is linked to temperate, moderately
warm climatic areas. The average annual temperature is around 7 °C, average annual precipitation is
about 700 mm, the length of the growing season is
about 140 to 150 days. Its climate has sub-oceanic
character with less marked amplitude of annual and
daily temperatures. It can be described as moderately warm, moderately humid, with mild winters. The
number of frost days is 130; snow cover lasts about

4;07543,49(2 (88,883,49 5- *548,7;(9054
,--0*0,4*= 5- 6759,*9,+ 2(4+8*(6, (7,(8 To express the conservation efficiency of natural habitats
the paper uses the Nature Conservation Efficiency
Index (NCEI) proposed in a study [22]. A modification of this index, NCEIcz, was applied to assess the
efficiency of protected landscape areas in the conservation of natural beech forest habitats, calculated
for each specific natural habitat from the following
equation:
NCEIPLA = TANHPLA / TANHCZ
where TANHCZ represents the total area in CZ
and TANHPLA represents the total area of a natural
habitat in the given protected landscape area.
Dimensionless values of the NCEI index can
range from 1 (totally efficient conservation) to 0
(absence of areal conservation). The calculated value NCEI > 0.75 indicates a highly efficient conservation (over three quarters of the total area of all
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admixed mesophilic deciduous species (   
identified natural habitats are protected in protected
            ). With
areas), NCEI ranging from 0.74 – 0.50 indicates
natural porosity, they have a varied age structure
moderately efficient conservation (over half of the
with a high ratio of very large trees. Their canopy
natural habitat is included in protected areas), while
density is uneven with numerous openings and a
NCEI ? 0.49 indicates low conservation efficiency
lower tree layer. The herb layer is highly variable
(less than half of a natural habitat's total area is
due to differences in the amount and quality of hucovered by protected areas).
mus and available nutrients.
For the description of the landcover and the
Results of the analysis of protected landscape
identification of interest habitat we used Corine
area conservation efficiency in the protection of
Land Cover 2012. The CORINE Land Cover (CLC)
inventory was initiated in 1985 (reference year
beech forest habitats in the Czech Republic using
1990). Updates were produced in 2000, 2006, and
NCEI calculations (Tab. 2) indicate a low level of
2012. It consists of an inventory of land cover in 44
conservation efficiency. The relatively highest conclasses. CLC uses a Minimum Mapping Unit of 25
servation efficiency in natural beech forests (NCEI
hectares (ha) for areal phenomena and a minimum
= 0.17) is achieved in second zones of protected
width of 100 m for linear phenomena. Data Corine
landscape areas. Although the NCEI values are still
is usable for a wide range of environmental studies
very low here, the established values have consid[23]. As additional input data, we used the DMR
erable potential for the future, as it is in these zones
4G to describe the elevation conditions, and Cliof protected landscape areas where principles of
mate Regions of the Czech Republic to describe the
sustainable forest management should be applied
climatic conditions and the PLA borders.

All data processing was conducted in ArcGIS

10.5, data were processed in the vector format (
!#!!#!
  
 ) and the coordinate reference system
for the Czech Republic (epsg:5514). The applicaAwareness of the environmental value of natution of GIS in NCEI calculations proved to be a
ral forest biodiversity under European natural herithighly effective tool for rapid derivation of both
age induces the establishment and development of
primary and completely new values which are approtected areas network [25]. Out of the newly esplicable in the decision-making process on the
tablished systems of protected areas in Europe, the
landscape level [24].
Natura 2000 European Network is probably the

most important [26]. The efficiency of Natura 2000

Network in biodiversity protection generally varies,
!#"!
usually depending on the specific national conditions of the given state. [27]. The first efficiency

In the study area we identified four CORINE
forest habitat types with dominant European beech
(Tab. 1). This forest habitat sometimes comes with

" 
()09(99=6,8049/, 9/-57,89;,.,9(9054>54,049/,>,*/ ,6:)20*
 -57,89/()09(9

41.13 Neutrophilous
beech forests
41.15 Subalpine beech
woods
41.16 Limestone beech
forests
41.11 Central European
acidophilous beech forests with woodrush

>,*/4(9054(24(3,
5-9/,/()09(9
Herb-rich beech forests
Montane sycamorebeech forests
Limestone beech forests
Acidophilous beech
forests
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future [40]. Thus, sustainable management of beech
forests must consider the climate change impact,
such as a predicted shift of forest vegetation zones
to higher altitudes [41]. In the Czech Republic, a
shift of the 4th forest vegetation zone with European
beech-dominated habitats is expected [42]. Many
models have been developed recently for predictions of vegetation zones shift impacts in agriculture, but in forestry these models are still rare [43,
44, 45]. Biogeography envelope models for European beech under climate changing conditions in
the Czech Republic [46] suggest important changes
in environmental growing conditions of beech forests in the future 50 years. According to the present
knowledge [47], European beech-dominated forests
will probably remain the most widespread natural
forests in temperate Europe during this century.

assessments of Natura 2000 Network conducted in
the Czech Republic reveal that the efficiency of this
category of protected areas is strongly conditioned
by the type of assessed habitats [28, 29], because of
the main conservation objective of the protected
areas included to the Natura 2000 sites is to maintain the current character of habitats, as required by
the Habitat Directive [30]. The environmental assessment of conservation efficiency of protected
areas supports its high environmental value [31].
Worldwide, the area of protected areas is continually increasing. But is the environmental efficiency of biodiversity protection improving along
with it? Since many protected areas only exist as
“paper parks” (i.e. they exist on maps and in legislation but offer little actual protection), the answer
is generally still uncertain. Moreover, it has long
been known that not only an increase in the extent
of protected areas, but also the efficiency of their
management is fundamentally important for effective nature conservation. Therefore, there is a wideranging discussion about the actual effectiveness of
protected areas and factors that influence it [32].
A study [33] brought significant findings for
defining global conservation priorities for the establishment of protected areas. The study was based on
an analysis of individual world biomes and their
Conservation Risk Index (CRI; similar to the NCEI
index used in our study).
When trying to assess the conservation efficiency of protected areas, some studies have focused on determining the species richness of wild
plants and animals living in the protected areas. For
this purpose, gap analyses have been used at different scales – for example [34].
To maintain or restore a habitat character of
forest habitats, many of the forest habitat types in
the Czech Republic require various levels of sustainable forest management, respecting the general
principles of adaptive ecosystem management. In
order to maintain the diversity of these natural habitats, conservation priorities will therefore need to be
sought in methods of ecologically sound management rather than in further expansion of protected
areas.
The implementation of sustainable forest management should be based on the knowledge of natural processes in natural forests [35]. In this context,
growth simulation models for predictions of future
forest development represent a promising tool for
sustainable management of beech forest ecosystem
[36, 37]. However, growth models have not yet
been fully integrated in forest management practice
[38] and are rarely used to assess the forest management strategies in conservation areas [39].
Due to changing climatic conditions in Europe
(increasing CO2 content, changes in air temperature
and precipitation, increasing frequency of heat
waves and drought episodes) it is expected that European beech forests will significantly change in the
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lyzing catalyst and is located in the brush border of
the small intestine [8].
As it was previously hypothesized that the inhibition of the α-glycosidase enzyme in humans can
have the potential to control the glucose levels [9,
10], α-glycosidase inhibitor (AGI) compounds
belonging to different classes have been developed
with the purpose of efficiently controlling the hyperglycemia in type-2 diabetes (T2DM). There are
three main α-glycosidase inhibitor compounds
incorporating a basic nitrogen atom in their structure and they are voglibose, acarbose, and miglitol.
While voglibose and acarbose are carbasugar-based
inhibitor compounds, miglitol is an iminosugarbased α-glycosidase inhibitor [11]. These αglycosidase inhibitor compounds contain a sugar
structure with oligosaccharide molecules so that
they would compete for binding to the active site of
the α-glycosidase enzyme to inhibit its activity,
allowing for lowering the elevated postprandial
glucose levels in T2DM [12, 13]. Therefore, inhibitors of this enzyme are used in the prevention and
treatment of type 2 diabetes mellitus as they suppress the postprandial elevation of the glucose levels [6, 7]. Besides their efficacy, these inhibitor
molecules are associated with several side effects in
the clinical practice as well, including diarrhoea,
flatulence, and abdominal discomfort, leading the
researchers to further search for future innovative
inhibitor compounds. The research is focused on the
discovery of not only an efficient but also a safe
molecule in the control of hyperglycemia in type 2
diabetes [14] (Figure 2).
In this article, we have investigated the inhibitory effects of Quebecol on the activities of αglycosidase and α-amylase enzymes, using starch
and p-nitrophenyl-D-glucopyranoside solutions as
substrates for α-amylase and α-glycosidase enzymes, respectively.

This study aims to examine the inhibitory effect of Quebecol on α-glycosidase and α-amylase
enzyme activities in comparison with acarbose as a
standard. IC50 amounts were obtained by using the
Quebecol-Induced Activity (%) - [Quebecol] graph
and the Lineweaver-Burk graph. The IC50 values
obtained with Quebecol were 28.56 nM for αglycosidase and 211.82 nM for α-amylase, while
the mean Ki value was 8.04 nM for α-glycosidase.
The results of our study are expected to contribute
to pharmaceutical research and pharmacological
applications by providing insight into the biological
effects of Quebecol.


%$ !
Quebecol, α-glycosidase, α-amylase, enzyme inhibition
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With the introduction of innovative molecular
approaches, almost all major and basic conventional
food types were revisited by analysing them with
these methods. One of them is the maple syrup,
almost a trademark of Canada, especially of the
Province of Quebec. Li and Seeram have recently
found out a novel polyphenolic compound (Figure
1) that was named Quebecol after the Canadian
province of Quebec. Quebecol is formed racemically during the process required to transform Acer
Saccharum sap into maple syrup [1]. Natural phenolic compounds are available in approximately all
plant materials as secondary plant metabolites, most
commonly in food crops of plant origin. [2].
Type 2 diabetes mellitus is characterized by a
serious disorder in the insulin signalling pathway in
association with the insulin resistance and impaired
glucose absorption in the targeted fat and muscle
tissues [3,4]. α-Glycosidase and α-amylase are the
metabolic enzymes involved in the hydrolysis of
carbohydrate molecules so that glucose entry to the
blood compartments is facilitated [5]. The αglycosidase enzyme is a major carbohydrate hydro-

" !"!

+2+5'02,351'7/32The α-amylase enzyme
from porcine pancreas (Sigma-Aldrich A3176,
Type IV-B, USA) and α-glycosidase enzyme from

1224

#"

  $   





  !




and 5 µL of the sample. After pre-incubating the
solution at 37 ºC for 10 minutes, a 50 µL of -NPG
in phosphate buffer (5 mM, pH 7.4) was added to
the mixture to initiate the reaction. This solution
was incubated at 37 ºC. The absorbances were spectrophoto-metrically measured at 405 nm [16].

=1;0'6+ )7/9/7; The α-amylase activity
was determined by performing the assay in compliance with that reported by Xiao et al. [17] In our
study, starch solution was prepared by dissolving 6
g of starch in 240 mL of 0.4 M NaOH. This solution was heated for 25 minutes at 70 ºC. The solution was, then, cooled in iced water. Its pH was
adjusted to 6.9 by adding 2.0 M HCl and H2O was
added to the solution to obtain a volume of 300 mL.
Sample solutions were prepared by dissolving 5 mg
in 5 mL (EtOH:H2O). Several solutions in different
concentrations were prepared in phosphate buffer
(0.1 M) so that a complete enzyme inhibition would
be obtained. The substrate (50 µL), the phosphate
buffer solution (pH 6.9, 100 µL), and the sample (5200 µL) solutions were mixed and then preincubated at 37 ºC for 30 minutes. Following this
step, a 10 µL volume from the 50 µg/mL enzyme
solution was added to the pre-incubated mixture.
The solution was incubated for 30 minutes. The
absorbances were spectrophotometrically measured
at a wavelength of 580 nm [18].

       (Sigma-Aldrich G5003,
Type I, USA) were the enzymes investigated in this
study. Both of these metabolic enzymes are commercially available by Aldrich Chemical Co. Therefore, they were used without purification. Starch
and -nitrophenyl-α-D-glycopyranoside (SigmaAldrich N1377-1G, USA) were obtained from the
same company and used as substrates for the metabolic enzymes α-amylase and α-glycosidase, respectively.
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/3).+1/)'0 !78*/+6 =0;)36/*'6+ )7/9/
7; In this study, the inhibitory effect of Quebecol
on the enzymatic activity of α-glycosidase was
examined applying the procedure described by Tao
et al. [15]. -NPG: pnitrophenyl-D-glycopyranoside
was used as the substrate. Samples were prepared
by dissolving 4 mg substrate in 4 mL of EtOH:H2O.
In order to demonstrate the inhibition of the enzymatic activity completely, phosphate buffer solutions were prepared at different concentrations.
First, a 75 µL of phosphate buffer (0.15 U/mL, pH
7.4) was mixed with 20 µL of the enzyme solution

In this article, the inhibitory effect of a naturally occurring phenolic compound Quebecol on the
metabolic enzymes α-amylase and α-glycosidase
were investigated. The results demonstrated an
effective inhibition of the enzymatic activities of αamylase and α-glycosidase when Quebecol was
administered. The chemical structure of the phenolic compound Quebecol is shown in Figure 1. The
interaction of Quebecol with these metabolic enzymes by inhibiting their activities are presented in
Table 1 and Figure 3. The results of our study are
listed below:
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lower than Quebecol (28.56nM, r2:0.9898). On the
/ The inhibitors of the α-amylase enzyme are
other hand, Ki values of the phenolic molecule
not only effective in controlling the postprandial
Quebecol and standard (acarbose) compound were
hyperglycaemia but also effective against viral
agents and arterial hypertension [19]. Recent scienas follows: Ki Quebecol (8.04±0.77nM) < Ki Acartific research demonstrated the significant hyperbose (12.600 µM) [25, 26]. Alpha-glycosidase
glycaemia controlling effects of a variety of subinhibitors retard the digestion of carbohydrates and
stances isolated from the plant tissues. α-Amylase
extend the whole process. This leads to decreasing
inhibitor compounds have been shown to have
high glucose levels. Miglitol, Voglibose and Acarpotential effects on the prevention and treatment of
bose are alpha-glycosidase inhibitors that are widediabetes mellitus [20,21]. For α-amylase, IC50 vally used for treatment of type II diabetes [27, 28].
ues found for the natural phenolic compound QueMoreover, alpha-glycosidase inhibitors may be used
becol was 211.82 nM, r2:0.9663 (Table 1 and Figfor treatment of many diseases, including HIV,
ure 3). Acarbose was used as a positive control in
influenza, and viral infections and they also have
our study. For the α-amylase enzyme, IC50 value for

acarbose (10 µM) was found to be lower than Que! (&
2
becol (211.82nM, r :0.9663) [25].

// Diabetes is a major health issue globally. It

is a metabolic disease characterised by high concentrations of glucose in the blood and it leads to sev
eral other health issues, including fatigue,

$ % 
nephropathy, retinopathy, neuropathy, cardiovascu
lar disease, gangrene, and high blood pressure [22].
α-Glycosidase inhibitor (AGI) compounds are



 
commonly used for the treatment of T2DM. Postprandial hyperglycaemia is a major pathological

! (&
finding in diabetes mellitus. Furthermore, control
ling the blood glucose levels can prevent the development of diabetes mellitus and its associated sec
ondary complications [23]. AGIs are oral antidia
betic drugs used for regulating the digestion of
carbohydrates including their degradation into

$ % 
mono sugars and the metabolic processes in the

intestines. Inhibitor compounds of the α




glycosidase enzyme prolong the duration of the
carbohydrate digestion time and therefore allow for

prevention of elevated levels of blood glucose after
! 
food ingestion. Besides their antihyperglycaemic

effects, α-glycosidase inhibitor compounds are used
in the treatment of other diseases including HIV,

influenza, and viral infections. In addition, their
potential efficacy in obesity, lysosomal storage
diseases, and metastatic cancer diseases have been

suggested [29, 30]. Miglitol, voglibose, and acarbose are the first-line AGI therapies for T2DM in
' $ %

the clinical practice [27, 28]. Therefore, acarbose






was selected as the standard molecule in our study
evaluating the α-glycosidase inhibitory potential of
#  
the natural phenolic compound Quebecol [24]. The
 '2*/-5'4.63,4.+230/))314382*32
IC50 and Ki values for Quebecol were found to be
1+7'(30/)+2<;1+6
28.56 nM, r2:0.9898 and 8.04±0.77nM, respectively
(Table 1 and Figure 3). For α-glycosidase, IC50
value for acarbose (22.800 µM) was found to be
"
'0,1':/1'0/2./(/7/32)32)+275'7/32 '2*/2./(/7/32)3267'276/3,2'785'04.+230/))314382*
8+(+)30'-'/267=-0;)36/*'6+'2*='1;0'6++2<;1+6
='1;0'6+?=-0;)36/*'6+

314382*6
 2

 2

8+(+)30
211.82
0.9663
28.56
0.9898
)'5(36+
10000
22800
>Ki values could not determined for α-amylase enzyme.
It was used as positive control for α-amylase and α-glycosidase enzymes, which taken in references

1226


/2
8.04±0.77
12600±780

#"

  $   





  !




[5] Krentz, A.J., Bailey, C.J. (2005) Oral antidiabetic agents: current role in type 2 diabetes
mellitus. Drug. 65, 385-411.
[6] Taslimi, P., Gulçin, İ. (2017) Antidiabetic
potential: in vitro inhibition effects of some
natural phenolic compounds on α-glycosidase
and α-amylase enzymes. Journal of Biochemical and Molecular Toxicology. 31(10), e21956.
[7] Yoshikawa, M., Murakami, T., Yashiro, K.,
Matsuda, H. (1998) Kotalanol, a potent alphaglucosidase inhibitor with thiosugar sulfonium
sulfate structure, from antidiabetic ayurvedic
medicine Salacia reticulata. Chem Pharm Bull
(Tokyo). 46,1339-1340.
[8] Taslimi, P., Akıncıoğlu, H., Gulçin, İ. (2017)
Synephrine and phenylephrine act as αamylase, α-glycosidase, acetylcholinesterase,
butyrylcholinesterase and carbonic anhydrase
enzymes inhibitors. Journal of Biochemical and
Molecular Toxicology. 31(11), e21973.
[9] Shulman, G.I. (2000) Cellular mechanisms of
insulin resistance. J Clin Invest. 106, 171-176.
[10]Hirshman, M.F., Horton, E.S. (1990) Glyburide
increases insulin sensitivity and responsiveness
in peripheral tissues of the rat as determined by
the glucose clamp technique. Endocrinology.
126, 2407-2411.
[11]Taslimi, P., Caglayan, C., Gulçin, İ. (2017) The
impact of some natural phenolic compounds on
carbonic anhydrase, acetylcholinesterase, butyrylcholinesterase, and α-glycosidase enzymes: an antidiabetic, anticholinergic, and antiepileptic study. Journal of Biochemical and
Molecular Toxicology. 31(12), e21995.
[12]Erdemir, F., Barut Celepci, D., Aktaş, A.,
Taslimi, P., Gök, Y., Karabıyık, H., Gulçin, İ.
(2018) 2-Hydroxyethyl substituted NHC precursors: Synthesis, characterization, crystal
structure and carbonic anhydrase, αglycosidase, butyrylcholinesterase, and acetylcholinesterase inhibitory properties. Journal of
Molecular Structure. 1155, 797-806.
[13]Burmaoglu, S., Yilmaz, A.O., Taslimi, P.,
Algul, O., Kılıç, D., Gulçin, İ. (2018) Synthesis
and biological evaluation of phloroglucinol derivatives possessing α-glycosidase, acetylcholinesterase, butyrylcholinesterase, carbonic anhydrase inhibitory activity. Archiv der Pharmazie. 351(2), e1700314.
[14]Toelle, M. (1994) α-Glucosidase inhibitors in
diabetes: efficacy in NIDDM subjects. Eur J
Clin Invest. 24(Suppl. 3),31-35.
[15]Tao, Y, Zhang, Y, Cheng, Y, Wang, Y. (2013)
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the potential to be used for treatment of obesity,
lysosomal storage disorders and metastatic cancer.
Natural compounds are considered to be ideal nutritional supplements for both humans and animals
[29-30].


#!!
In this study, micromolar IC50 values of Quebecol on α-amylase and α-glycosidase enzymes
were quantified to gain insight into whether it is a
selective inhibitor of these metabolic enzymes. The
natural phenolic compound Quebecol used in the
present study demonstrated efficient inhibition
profiles against the metabolic enzymes α-amylase
and α-glycosidase. α-glycosidase Inhibitors (AGIs)
are used for the treatment of metabolic disturbances, such as hyperglycemia, type II non-insulindependent DM, and obesity, however, they are not
free of adverse clinical effects. Therefore, there is
ongoing research to discover innovative molecules
with promising efficacy and safety in controlling
hyperglycaemia and other metabolic disorders, as
well as showing efficacy against viral infections
and cardiovascular diseases. The natural phenolic
compound Quebecol used in the present study
demonstrated efficient inhibition profiles on the
metabolic enzymes α-amylase and α-glycosidase.
The results of our study are expected to contribute
to pharmaceutical research by providing data about
the inhibitory effects of Quebecol on α-amylase and
α-glycosidase.
$"!
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increase in the whole year. The seedling height
growth peaked in May. The growth of diameter was
mainly from July to September, which was 80% of
the total increase in the whole year; the growth of
diameter peaked in August [4]. The results showed
that there were significant differences in the growth
of 1-year-old seedlings from different provenances.
The largest height and diameter growth of the seedlings was the Henan provenance. Sichuan provenance seedlings were weaker, followed by Jiangsu
and Hunan provenances [5-6].
Plants have to cope with changing seasons and
adverse environmental conditions. The growth of
trees was affected by many factors. Especially in
temperate and boreal latitudes, photoperiod will not
change as the climate which provide a more consistent, reliable annual signal of seasonality than
temperature [7]. Previous studies have shown that
photoperiod affects plant morphology indicators,
and light supplementation has a significant impact
on the promotion of seedling height growth [8-9].
Prolonging photoperiod can obviously promote
seedling growth and increase biomass [10]. Prolonging photoperiod treatment can promote shoot blooming of seedlings after capping [11-12]. Study on the
effect of photoperiod on the growth of   
heightshowedthe continuous growth of  
seedlings was realized at 24 h treatment [13].
Most of the perennial trees anticipate the advent
of winter by sensing the reduction in day length
while some trees, such as apple and pear, utilize a
reduction in temperature as a signal for the advent of
winter. Still others use a combination of both day
length and temperature signal to prepare themselves
for winter [14]. How plants adapt their developmental patterns to regular seasonal changes is an important question in biology. The annual growth cycle
in perennial long-lived trees is yet another example
of how plants can adapt to seasonal changes. Some
results show the two main signals that plants rely on
to respond to seasonal changes are photoperiod and
temperature; these signals have critical roles in the
temporal regulation of the annual growth cycle of

This study will research and discuss the effect
on the seedling growth of      Maxim
by different photoperiod treatments.The progress of
growth and dormancy of seedlings of   
Maximfrom different provenances were analyzed by
treating 8h,12h,14h,16h; natural light was control
checkCK. There was no significant difference
among the height; the difference of the stop time
among height growth was not obvious at different
photoperiod treatments in  Maxim The
height growth stop time of different provenances was
October 23. The seedlings were higher(23cm) at the
treatments of 8h and 24h, while it was the lowest
height growth in nature. The stop time of diameter
growth was about later one month than the height of
seedling growth. The average diameter was about
0.50cm; the diameter was largest at 8 h and 24 h, and
the smallest diameter was under natural conditions.
The number of leaves peaked on September 25; the
leaves were more at 8h and 24h treatment, and the
least leaves occurred under natural conditions. The
effect of different photoperiod treatments on the
seedling growth volume of   Maxim from
different provenances was not significant; the
growth stopped almost at the same period and entered into dormancy, which may be insensitive to the
induction of single factor of photoperiod.


"   
   Maxim, Growth, Dormancy, Photoperiod.





Maxim is an important woody oil tree species,
which is distributed mainly in East Asia, including
China, South Korea and Japan [1-2]. The change of
seasonal growth of    Maxim was ‘slowfast-slow’[3]. The rapid growth of seedling was from
August to October, which was 79% of the total
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trees [15].
Studies on age structure and dynamic characteristics of wild !  Maxim population in Guizhou province showed that was mainly restricted by
light from the seedling to the sapling [16], while
other studies indicated that !  Maxim is a
typical intolerant tree with strong ability of adaptation to light [17]. Some studies on  ! 
Maxim distributed Japan showed that photoperiod
had no significant effect [18]. As a new woody oil
species, !  Maxim has a wide range of distribution. Winter dormant buds are formed in winter.
What signals control  Maxim growth cessation and dormancy establishmentWhether the
winter dormancy bud is regulated by photoperiod
Does the photoperiod have any effect on winter dormancy bud? Do different provenances of  
Maxim have any differences in different photoperiods? In this study, an artificial control test for single
factor photoperiod is designed and the effect on the
growth of !  Maxim is explored. The study
may have useful significance for finding characteristics of winter buds dormancy, protecting and developing germplasm resources of   Maxim,
and breeding elite varieties.

81(2,.(/4$-,4(The experimental plot was
located in the Forestry Experiment Station of Henan
Agricultural University, Zhengzhou City, China
(113°38'E, 34°48'N). The warm temperate continental climate has four distinct seasons. The annual average, maximum, and minimum temperature was
14.2ºC, 43ºC, and -17.9ºC, respectively. The accumulated temperature ≥10ºC is 4,717ºC with a frostfree period of 215 d. The average annual precipitation is 650.1mm; the annual duration of sunshine is
about 2,400 h. The sandy loam soil of the experimental plot is about pH 7.0.
$4(2,$-3 The seeds of    Maxim
were collected from Jiangsu, Hunan, and Sichuan
Henan provenances, respectively, and then 1a container seedlings were cultivated and studied in this
study.

((',/*32($4.(/43. Six treatments were set
for each provenance: natural light CK, light length 8
h, light length 12 h, light length 14 h, light length 16
h, light length 24 h, with natural light as a control
check. There were 3 replicates per treatment and 10
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(13cm). The higher seedlings were treated under 24
h and 8 h; it was about 23 cm. The lowest height was
treated under natural conditions. Under 24 h, the difference of seedlings heights in   Maxim
from Henan provenance was significantly (P <0.01),
while there was no significant difference(P>0.05)
under natural conditions, 8h, 12h, 14h and 16h.
Meanwhile, the difference among different provenances were all not remarkable(p> 0.05). The day
length would lead to the difference of seedling height
growth, but the difference was not obvious.

))(&430)',))(2(/41+0401(2,0'30/4+(3(('
-,/*',$.(4(2,/$8,.)20.',))(2
(/4 1206(/$/&(3 The diameter of seedlings of 
  Maxim was about 0.50cm in different photoperiods (figure 2); there were larger diameters under 8 h and 24 h, and the smallest diameter was under
natural conditions.
This phenomenon is consistent with the effect
of day length on height growth. The diameter of
seedlings from Henan provenance ranged from 0.37
cm to 0.57 cm; the average diameter was 0.46 cm.
The seedlings’ diameter from Jiangsu provenance
changed from 0.38 cm to 0.61 cm; the average diameter was 0.51 cm. The seedlings’ diameter from

plants per replicate. From 8:00 am to 16:00 pm, the
seedlings were put under natural light, then (if
needed) with artificial light (1200lx, 25 ). The
growth of    Maxim seedlings was observed every 7 days. At the same time, the trunk
height, diameter and leaf number of each plant were
recorded. The data were analysed by Excel, Origin,
and SPSS software.


))(&430)',))(2(/41+0401(2,0'30/4+(3(('
-,/* +(,*+4,/  $8,. )20. ',))(2(/4
1206(/$/&(3The height growth trends of seedling
of different provenances were almost the same under
the different day length treatments, which increased
firstly and then changed smoothly until the growth
stopped (figure 1). All the stop time of height growth
was about October 23; therefore, different day length
treatments had no obvious effect on the growth time.
Under different day length treatments, the average seedling heights of four provenances were Hunan provenance (18cm), Jiangsu provenance (16cm),
Sichuan provenance (16cm) and Henan provenance
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Hunan provenance varied from 0.43 to 0.69cm; the
average diameter was 0.54cm. The seedlings’ diameter from Sichuan provenance ranged from 0.41 to
0.61cm; the average diameter was 0.52cm. The results revealed that the seedlings’ diameter variation
of    Maxim were varied under different
photoperiod treatments, but there was no distinctive
difference among the four provenances (p> 0.05).
Different provenances and different treats had
different stop time of diameter. The difference of
stop time was not obvious; it was about on November 27. The growth stop time of diameter was about
1 month later than height growth under different
treatments.

))(&430)',))(2(/41+0401(2,0'30/4+(3(('
-,/* -($6(3 ,/   $8,. )20. ',))(2(/4
1206(/$/&(3 The leaves of    Maxim
seedlings from different provenances increased and
then decreased under the different day length treatments. Most of the leaves peak appeared on about
September 25. The average of leaves number during


the peak stages from Henan, Jiangsu, Hunan and Sichuan were 9, 10, 11 and 13, respectively; the leaves
was the least under natural condition. There were
more leaves under 8h and 24h.

At the temperate and cold temperate zone, the
tree of activity-dormancy cycle is an important adaptive trait for both survival and growth. The study of
the mechanism of controlling overlapping development showed the environmental control of activitydormancy cycle was based on the perception of photoperiod and temperature signals, reflecting the adaptation of tree species to the current climatic conditions [19]. The shorter days of autumn herald the approach of winter. In response to this reduction in
daylength [short days (SDS)], elongation growth and
the formation of new leaves are terminated in the
SAM [20].
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The joint influence of photoperiod and temperature during growth cessation and development of
dormancy in white spruce (     ) showed
that short photoperiods promoted bud development
and growth cessation, whereas longer photoperiods
extended the growing season through the induction
of lammas [21]. Short-day photoperiods affected expression of genes related to dormancy and freezing
tolerance in Norway spruce seedlings showed prolonged short day (SD) treatment deepened dormancy
and stimulated development of freezing tolerance of
    seedlings [22].
Study on the relationships between vegetative
growth and reproduction in 14 switchgrass cultivars
showed that light extending treatments obviously delayed the time of tilling and flowering, and enhanced
the vegetative growth, and abated the sexual reproduction [23]. Prolonged illumination had the most
obvious effect on the growth of    
 followed by . The effect on 
! var.  ,  , !,
     , ! , 
was not obviousand there was no effect on 
,  , ,   ! ,
   ,   ,   , 
     [24]. Effects of photoperiod
and temperature on growth and flowering in the annual (primocane) fruiting raspberry (    L.)
cultivar ‘Polka’, showed photoperiod had no effect
on the rate of leaf formation, and LD (long-day)
stimulation of growth thus resulted from increased
internode length only [25]. The growth and development of   could be regulated by the treatment of day length under certain temperature and humidity [13].
Trees undergo growth cessation and establish
dormancy prior to the advent of winter. Induction of
growth cessation in many, but not all, trees in the boreal and temperate regions is controlled photoperiodically. Trees such as poplar sense the advent of winter through a reduction in daylength, and certain trees
may also use temperature to gauge the changing of
season [15].   Maxim with life spans of a
few to several hundred years are among the longest
living organisms on the earth. One of the keys to
their survival is the evolution of highly complicated
and sensitive mechanisms to perceive changing environment and to modulate their growth accordingly.
  Maxim stop their growth well ahead of
winter to ensure their survival. During autumn, when
the winter is approaching, both day length and temperature fall gradually. It has been shown that photoperiod and temperature play a major role in the regulation of growth cessation and bud set phenology in
various tree species [20]. In this study, the results
showed that the seedling height, diameter, and leaf
number were different; but the difference was not obvious, which was consistent with Liu's research

results: dormancy induction of buds was not affected
by photoperiod and was not different between two
origins [18].
The growth of    Maxim almost
stopped in the same period and entered dormancy in
the same period under different photoperiod treatments, which showed the single day long regulation
may not change the seedling growth process of 
  Maxim. There may be some interplay
among photoperiod chilling or other factors, which
will need further studies.

The different length of day would affect the
growth of seedling height, diameter, and leaves of
  Maxim, and there were more effects on the
growth of seedling at 8h and 24h treatment. There
was some difference among different provenances in
different photoperiods, but the difference was not
significant.
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worldwide, urban cooling techniques may prove
even more vital in the coming decades [3]. With
accelerating urbanization, the UHI effect as a representative of changes in the thermal environment
has become an important factor in urban environmental quality, and, particularly in hot weather,
thermal environmental effects seriously impact
people’s lives [4]. The impact of anthropogenic
heat on the formation of UHI was investigated, and
three important strategies were proposed to minimize UHI impact on energy consumption: landscaping [5, 6]. Urban green spaces are necessary to
conform to national priorities for an ecologically
conscious civilization. Therefore, such spaces
should be increased, in addition to wetland areas,
the greening of climate regulations, and combining
the effect of natural ecosystems.
With advances in urbanization in northwestern
China, the conflict between urbanization and the
fragile environment has gradually come to the fore.
In this region, wet and dry climates fluctuate between flood and drought with temporal distribution.
Water resources are scarce, while the conflict between urbanization and ecological protection is
restricting urban, ecologically conscious construction in this area [7].
Confronted with these issues, many scientists
have developed possible urban cooling strategies,
some of which have gained acceptance and been
implemented in various cities [8, 9]. In outdoor
urban environments, temperature change can be
effected using various strategies. Plant community
design directly influences urban cooling and humidifying. Plants may improve the surrounding
microclimate through transpiration, while different
layering can produce different temperature and humidity levels. Thus, plant communities play an important role in urban living settlement and ecological environment [10, 11]. In the Shashua-Bar’s research, the most effective landscape strategy was
the combination of shade trees over grass in a
hot-arid region, which can reduce air temperature
by 2°C [12]. In Zhang’s research, they proposed
that individual leaf thickness, tree foliage density
and leaf texture had significant effects on cooling

Many cities in warm regions are predicted to
become hotter and more arid due to global warming
and the urban heat island (UHI) effect. This research investigated mitigation of UHI effect using
small-scale plant communities in a semi-arid urban
green space. We measured microclimate characteristics, including the air temperature, solar radiation,
wind speed and relative humidity, at six sites in
Lanzhou, China. The results indicated that it was
possible to relate the humidifying and cooling effects to the area and density of the plant community. Canopy density and canopy area strongly affected the humidifying and cooling effects between
9:00 and 15:00. The humidifying and cooling effectiveness of the different plant community types may
be ranked, high to low, from multilayer community
→ tree-grass community → bamboo groves →
ground cover. To measure the impact of the plant
structure of the urban environment on increased
comfort, we proposed a calculated model for bioclimatic comfort in the different sites. Multivariate
linear regression indicated that canopy area, canopy
density, tree height, and solar radiation affected
humidity increase and temperature reduction. This
study has significant implications for urban management, science improvement, and societal benefit.


'&!"
Urban cooling, urban green spaces, microclimate, bioclimatic comfort index, plant community

#!$#
With accelerating urbanization in recent years,
the urban heat island (UHI) phenomenon has negatively affected the living environment, outdoor air
quality, buildings’ energy consumption, and the
habitability of cities. As a result, urban cooling
strategies must be developed [1, 2]. Moreover, with
further increases in urban temperatures threatened
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the shaded air according to ten tree species and two
bamboo species [13].
Such of the studies have been conducted on
potential urban green spaces in northwestern China
to best design plant communities and improve the
experimental setups for future projects. By selecting adaptive plant communities, green space design
can work with ecological processes, and improvements can be made in the quality of urban green
spaces [14]. These studies can both help to accumulate adaptive planting design experience in a
range of environmental conditions for local workers,
and give significant guidance for the construction
of other types of green space in northwestern cities.
In this study, we chose to artificially improve
the habitats of appropriate biological communities
by promoting a plant community structure in urban
green spaces that involves greening and beautifying
the urban landscape; this regulates the urban microclimate and improves urban air quality in addition
to other ecological functions. Small-scale plant
landscapes may efficiently eliminate thermal
stresses. It has been shown that small-dispersed
green areas with wider spacing are superior at
cooling microclimates than large, concentrated
green areas [15]. The cooling effect of small green
areas has been found to be significant and improved
the Green CTTC (cluster thermal time constant)
model of air temperature regulation [16]. Microclimate monitoring needs to be integrated with plant
community structure to facilitate comfortable green
spaces [17]. Plant community design considers the
factors that directly influence the urban microclimate. Plants may improve the surrounding microclimate through transpiration, while different configurations of plant layering in green spaces can
produce different temperature and humidity levels;
thus, plant communities play a key role in regulating microclimates [18]. Within one year of planting,
ground covers have been planted in such a manner
to present a finished appearance and reasonably
complete coverage, while native and non- competing species should be emphasized.
A cultivated plant community is a product of
horticultural science: Through cultivation and
breeding, the community is designed to meet the
requirements of a city’s environment and culture. A
local plant community comprises the remainder in
the city of the previous forests or wetlands. Despite
various urban impacts, the city retains some islands
of forest, although its constituent animals and plants
become rare. A natural domesticated plant community adapts to the urban environment without human intervention [19]. The urban green space is a
typical representative of these plant communities.
Discussing the construction and landscape design of
plant habitat, Liu et al. noted that habitat comprised
the space designed to influence the factors in plant
growth, such as sunlight, heat, water, and nutrients
[20]. It creates the natural space for the plant’s in-

ternal organization and provides suitable site conditions for growth [21].
The effects of land cover on ambient air temperature have been well documented. However, the
vegetation cooling effect is stronger at night than
during the day, despite slight seasonal variation.
The shading provided by vegetation is also expected to produce a cooling effect on ambient air
temperatures. Thus, it seems that a higher cooling
rate is produced in vegetated areas with a proper
plant community structure [22]. On the contrary the
building area significantly increases air temperature.
Building areas favor the partitioning of radiative
energy into sensible rather than latent heat and increase the importance of heat storage, thus resulting
in higher temperatures both day and night.
Various appellations have been used for comfortable climate, also known as a pleasant climate
or suitable climate, and usually referring to the ability of humans to sustain normal physiological processes and adapt to the climate conditions without
adjustment in terms of cold, summer equipment, or
facilities. Bioclimatic comfort has been studied for
nearly a century [23], with early evaluations using
instrument measurement. Until the early 1920s,
climate researcher John Houghton used people as
research subjects, and proposed the equal comfort
line including the temperature and humidity variables, while the experience model was used to evaluate comfort degree [24]. After several decades, the
experience model of bioclimatic comfort developed,
and various experience models emerged and
bloomed. With the development of human biology
meteorology and computer technology in the late
1960s, the model of physiological heat balance was
researched. In recent years, the temperature humidity index, wind cold index, and effective temperature index have been used in the comfort model
[25]. Most of the models proposed have their special pertinence, with some suitable for thermal environments, others for cold environments. Research
has focused on various environmental factors (temperature, humidity, solar radiation), and their influence on the hot and cold comfort degree for human
physiology [26-28].
Aiming to assess the effectiveness of plant
community characteristics in cooling and humidifying microclimates, in this study, we propose the
calculated model for bioclimatic comfort in different sites. This study’s analysis of plant communities’ cooling effects is particularly helpful in informing the debate on the comparative effectiveness of the reflective and vegetated methods in a
semi-arid region in northwestern China. We evaluate diurnal variations in the humidifying and cooling effects of six sites in the semi-arid city, Lanzhou. The results from thirteen plant communities
were analyzed in terms of their humidifying and
cooling effects. The purpose was to investigate the
relationship between the characteristics of the plant
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communities and physical factors of each microclimate. We discuss the selection of plant species,
plant community landscape designs, and plant
landscape spaces for livable urban green spaces.
Studying the best strategies for influencing the microclimate can provide scientific guidance for reasonable plant community designs to provide people
with more comfortable green environments.

(mainly June to September). The site receives an
annual mean of 2446 hours of sunshine, and has an
annual frost-free period of 180 days [29]. The research was conducted in the urban public green
space (Figure 1). The six sites were selected with
different habitat-design conditions, including the
surrounding buildings, plant community structure,
tree layer height, canopy area, canopy density. In
each site, the site can be divided into different habitat types, as multilayer community, ground cover
community, tree-grass community. Measurements
of air temperature, solar radiation, wind speed, and
relative humidity were taken at each site from the
ground surface and at 1.5 m height using the
American-made automatic weather station (Spectrum Watch Dog 2900ET) (Table 1). Meteorological data were recorded at each of the six sites once
every 5 min.

#!"#"

":;,?91:-9. The study was conducted at Lanzhou University in Lanzhou City (36°03′ N,
103°40′ E), Gansu province, China. This is a
semi-arid area of northwest China, with average
elevation of 1536 m. It has long periods of sunshine
and strong radiation, an annual average temperature
of 10.3°C, and average annual rainfall of 327 mm

$!
"+0-3):1+2)?5;:5.-+525/1+)293)229+)2-62)4:2)4,9+)6-8-9-)8+091:-9

#
#0--7;163-4:6-8.583)4+-,):)5.:0-"6-+:8;3&):+05/#
Measurement Content
Measurement Scope
Precision
Wind speed
0 – 230km/h
± 65%
Relative humidity
10 – 100%
± 2%
Air Temperature
-76 – 54ºC
± 0.5ºC
Solar radiation
0 – 1800 W/m2
± 5%
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$! 
#0-,19:81*;:1545.62)4:+533;41:?+0)8)+:-819:1+9):91:-9($)4,($ 
#
#0-,1..-8-4+-5.)<-8)/-)18:-36-8):;8-*-:=--4:0-8-9-)8+091:-9)4,:0-)4@05;$8*)4&-):0-8
":):154
Test Date
LZU-1
LZU-2
LZU-3
LZU-4
LZU-5
LZU-6
2017.7.20
1.2ºC
1.5ºC
1.5ºC
1.4ºC
1.7ºC
1.9ºC
2017.7.31
1.5ºC
1.4ºC
1.2ºC
1.7ºC
1.4ºC
1.2ºC
2017.8.10
0.2ºC
0.4ºC
-0.3ºC
0.1ºC
0.3ºC
-0.3ºC
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-)9;8-3-4: The parameters of measurement are given in Table 1. The data were recorded
by the weather station for three days per site (from
7:00 to 19:00 on July 20, July 31, and August 10,
2017). The weather on each observation date was
sunny or cloudy. Research sites LZU-5 (Figure 2)
and LZU-6 (Figure 3) are enclosed on three sides
by 5-meter buildings, at a ratio of 1.23 (building
height: ground spacing; =1.23). The differences
in average air temperature between the research
sites and Lanzhou Urban Weather Station (UWS)
are given in Table 2.
Based on the comprehensive comfort index
proposed by Shanghai Meteorological Bureau [30],
a calculated model analysis for the bioclimatic
comfort in each of the sites was conducted, using
the expression:

icance level. In addition, the mean values and
standard error (SE) of all properties were aggregated into the relevant tables. Multiple regression and
correlation analysis were used to analyze the relative contributions of canopy density, canopy area,
solar radiation, and tree height, as well as the temperature reduction (,) and relative humidity increase (, ) (Table 3).

%-/-:):154 )99-993-4: Thirteen communities representing different plant characteristics were
selected randomly from the six sites. The bare
ground site was used as the control. Details about
the sites are given in Table 4. Six different urban
habitats were studied, which each site had five 1×1
m sample quadrants. We measured the plant community characteristics, including vertical structure,
height of the tree layer, canopy area, canopy density,
and dominant community composition and species
(Table 4) to explore the basic characteristics of
plant communities in urban green spaces.


!"$#"

=0.6(|24|) + 0.07(| 70|) + 0.5(|
2|)
where  is the bioclimatic comfort index (BCI);
 is the air temperature (°C);  is the air relative
humidity (%);  is wind speed (m/s). ≤4.55 for
comfortable; 4.55<≤6.95 for more comfortable;
6.95<≤9.00 for uncomfortable; >9.00 for uncomfortable and unbearable.

):) )4)2?919 The experimental data were
analyzed using Microsoft Excel 2013. Tests were
performed on the significance of the humidifying
and cooling effects of the plant community using
SPSS 18.0. ANOVA tests were performed on the
microclimate and plant community data. Duncan’s
new multiple range tests were conducted to separate
the means of plant communities at the $<0.5 signif-

588-2):1549 *-:=--4 +)456? ,-491:? )4,
62)4:+533;41:?9:8;+:;8-The characteristics of
the canopies and community structures of the 13
communities were closely related. LZU-3a (Figure
4) and LZU-3b had greater canopy density than
LZU-1b (Figure 3) and LZU-1c. And also, data
analysis results were consistent with the above
findings, which proposed that canopy density and
community structure greatly influenced the community microclimate (Table 4).


# 
#-36-8):;8-8-,;+:1549)4,8-2):1<-0;31,1:?14+8-)9-95.:018:--462)4:+533;41:1-9
Plant Communities
Plant Communities
, (%)a
, (◦C)a
LZU-1a
LZU-1b
LZU-1c
LZU-2a
LZU-2b
LZU-2c
LZU-3a
LZU-3b
LZU-4a
LZU-4b
LZU-5a
LZU-5b
LZU-6a
Average
F
P value

2.33 gb
2.66 f
2.79 f
2.98 ef
3.12 e
3.23 de
5.24 a
5.15 a
4.65 b
4.33 b
4.01 bc
3.67 c
3.44 d
3.66
57.349
0.000

LZU-1a
LZU-1b
LZU-1c
LZU-2a
LZU-2b
LZU-2c
LZU-3a
LZU-3b
LZU-4a
LZU-4b
LZU-5a
LZU-5b
LZU-6a

6.72 e
6.78 e
6.45 f
5.51 g
5.55 g
5.81 g
8.13 a
8.02 ab
7.81 c
7.91 b
7.71 c
7.78 c
7.44 d
7.27
71.200
0.000

a ΔT = mean temperature reduction; ΔH = mean relative humidity increase.
b Column means with disparate letter in the same column are significantly different by Duncan test, $ < 0.05.
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# 
#0-9:8;+:;8-+0)8)+:-819:1+95.:018:--462)4:+533;41:1-9
Site
Code

LZU-1

LZU-2

Habitat
Type

Community
Code

Canopy
Area (m2)

Canopy
Density

4.1

14.2

60%

6.3

11.3

55%

4.2

12.9

55%

LZU-1a

Multilayer
community

LZU-1b

Multilayer
community

LZU-1c

Ground
cover
community

LZU-2a

Grass layer ( +'%(! & %
, # &'), !
%# &( ))

—

—

—

Ground
cover
community

LZU-2b

Grass layer ( "%"'!
!#%# (!,  "'# 
$%&&, (! &%!"'#&(!,
+ #' $(!
%+'%#&''(!)

—

—

—

Ground
cover
community

LZU-2c

Grass layer ( %"
%"(!, !&'$' +%',
"( $#")

—

—

—

8.7

26.5

90%

6.5

24.2

85%

11.2

28.2

85%

3.8

27.4

80%

4.2

24.5

75%

3.9

21.2

65%

9.4

29.1

60%

Multilayer
community

LZU-3a

Multilayer
community

LZU-3b

Tree-grass
community

LZU-4a

Tree-grass
community

LZU-4b

Multilayer
community

LZU-5a

Multilayer
community

LZU-5b

Tree-grass
community

LZU-6a

LZU-5

LZU-6

Tree layer ( &(&&+%(&)
+ shrub layer (+%"# ')
+ grass layer (%%# (! %
$"&)
Tree layer (%%# (!%$"&)
+ shrub layer (&'%&""
&&) + grass layer (%*(!
!#"# (!)
Tree layer ( &(&&+%(&)
+ shrub layer () !%
") + grass layer ()
!%", '%)%&)

Tree Layer
Height (m)

Multilayer
community

LZU-3

LZU-4

Structure Characteristics

Tree layer (%(& #%)
+ shrub layer (#" &(
%('#&) + grass layer (
#" &(%('#&, %"
 %"(!)
Tree layer (&$%') +
shrub
layer
( #"%
!) + grass layer (
"#$#(!  (!, # "(!
"%(!, # $ $$)
Tree layer ( '+ (& #%
"' &) + grass layer (
#  ' "#$#(!
 (!, # "(!"%(!)
Tree layer (" ""&&)
+ grass layer (# &'
),'%)%&)
Tree layer (#$#%$#")
+ shrub layer (#& !( ' #
%) + grass layer ("#$#
(!  (!, %*(!
!#"# (!, "(  $#",
+""(!""&)
Tree layer (!(& '*' &,
 #"%#" & #(!) + grass
layer ($& (%&$&'#%&,
*#"#$(&#!$%&&(&)
Tree layer (%(& #%)
+ grass layer (%*(!
!#"# (!, # $ $$,
%# (!%$"&)
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1;84)2 <)81):154 14 :0- +55214/ -..-+: Diurnal variations in the microclimate varied among
the sites. The temperature was lowest at LZU-3
(Figure 5), because the higher plant transpiration
and plant canopy reduced the temperature (Table 3).
The temperature of LZU-4 was lowest overall, but
was warmer near midday. The temperatures at
LZU-1 and LZU-2 were always higher than those at
the spatially confined sites, LZU-3, LZU-4, LZU-5,
and LZU-6. Air temperatures at the five sites
reached the daily maximum between 14:30 and
15:30. At all measuring points, the air temperatures
in the community were always lower than at the
urban weather station sites, except between 17:00

and 19:00 (Figure 5). The air temperature at LZU2
(ground cover community) ranged from 17.3°C to
33.6°C, and within the community, LZU-3 (multilayer community) ranged from 18.2°C to 29.8°C
(Figure 5).

1;84)2<)81):15414:0-+55214/-..-+:5.:0-
)8+01:-+:;8)2 90),- In the variance analysis results, the air temperature at LZU-5a (multilayer
community) and LZU-6a (tree-grass community)
differed significantly ($<0.5) from the community
LZU-1b (multilayer community) during the daytime given the results from the ANOVA, which
suggested that the cooling effect of the architectural
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shade was significant from 08:00 to 17:00 (Table 3).
The change in air temperature between LZU-5 and
LZU-1 was 2.5°C at 14:30 (Figure 5). These results
further supports the cooling effect of architectural
shade on diurnal microclimate variation, and
demonstrate how the cooling effect varies over
time.

relative humidity of these three observation points
indicated that all three were significantly different
($<0.5). The results suggest that a more complex
vegetation spatial structure triggered more significant humidifying effects. These conclusions are
consistent with the results of air temperature analysis, indicating that the humidifying effect was related to the cooling effect.

1;84)2 <)81):154 14 :0- =14, 96--, -..-+:
In comparing the six sites, we found wind speed
changes throughout the day. From 07:00 to 13:00,
the wind speed increased gradually, before falling
from 17:00 to 19:00 (Figure 7). The average wind
speed was highest at LZU-4 (tree-grass), moderate
at LZU-2 (ground cover community: grass), and
lowest at LZU-3 (multilayer community:
tree-shrub-grass).

1;84)2<)81):15414:0-0;31,1.?14/-..-+:
The results revealed that the humidifying effect was
most apparent from 08:00 to 18:00 when the relative humidity increased by an average of 10% (Figure 6). The average relative humidity of observation
points LZU-2, LZU-3, and LZU-4 in the summer
was highest at LZU-3 (multilayer community:
tree-shrub-grass), lowest at LZU-2 (ground cover
community: grass), and in between at LZU-4
(tree-grass). The diurnal variance comparison of the

$! 
1;84)2<)81):15414:0-8-2):1<-0;31,1:?5.:0-62)4:+533;41:?91:-


$! 
1;84)2<)81):15414:0-)<-8)/-=14,96--,5.:0-62)4:+533;41:?91:-
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$!
1;84)2<)81):15414:0-*15+213):1++53.58:14,->5.:0-62)4:+533;41:?91:-


1;84)2 <)81):154 14 952)8 8),1):154 14:-4
91:?On average, solar radiation intensity increased
from 07:00 to 13:30 and then decreased from 14:00
to 19:00 (Figure 8). LZU-1 and LZU-2 experienced
more intense solar radiation than the other sites.
LZU-2 (ground cover) had stronger net solar radiation than LZU-6 (trees-grasses), and stronger radiation than LZU-3 (multilayer community:
trees-shrubs-grasses). LZU-1 had higher solar radiation intensity than LZU-2 from 7:00 to 13:00, but
lower from 13:00 to 19:00, implying that the architecture shade affected the solar radiation intensity at
the site. The results demonstrate that trees and large
shrubs increased the canopy density of the sites to
reduce the intensity of solar radiation. Additionally,
the biomass of the community and plant functional
type influenced the penetration of solar radiation.

588-2):1549 *-:=--4 :0- 62)4: 9:8;+:;8-
-..-+: 5. *15+213):1+ +53.58: 14,-> Bioclimatic
comfort evaluation research has focused on various

environmental factors (e.g., temperature, humidity,
solar radiation), and their influences on the hot and
cold comfort degree for human physiology. To
measure the impact of the plant structure of the
urban environment on comfort, we proposed the
calculated model for bioclimatic comfort in different sites. As foreseen, in LZU-3 and LZU-4, the
bioclimatic comfort index was: S≤4.55 (comfortable) from 08:00 to 13:00. In LZU-3 and LZU-4, the
BCI was: 4.55<S≤6.95 (more comfortable) from
13:00 to 19:00. In LZU-1 and LZU-6, the BCI was:
6.95<S≤9.00 (discomfort) from 13:00 to 19:00.
Thus, LZU-3, LZU-4, and LZU-5 were the most
effective in terms of bioclimatic comfort, while
LZU-2 was the least effective (Figure 9). We interpreted this as LZU-3 and LZU-4 having greater
capacity for heat accumulation (environmental surrounding and surface); these sites did not have the
benefit of wind but enjoyed tree cover, cause to a
lower radiation value.


1243

&% 

# ' ! 





                     !#!$ "#"


588-2):1549 *-:=--4 :0- 0;31,1.?14/ )4,
+55214/ -..-+:9 5. 62)4: +533;41:1-9 According
to the multiple comparisons between the six sites,
the different communities experienced different
cooling and humidifying effects. The cooling effect
was influenced by temperature reduction, which
varied from 2.33°C to 5.24°C among the different
plant communities. The analysis of variance
(ANOVA, all significant at $<0.5) showed that
LZU-3 and LZU-4 were cooled most effectively,
and LZU-1 and LZU-2 the least effectively (Table
3).
The humidifying effect was influenced by
wind speed reduction, which varied from 6.51% to
8.13% in different plant communities, as well as
temperature. Under the analysis of variance for different sites (ANOVA, all significant at $0.5),
LZU-3, LZU-4, and LZU-5 were the most effective
in humidification, while LZU-2 was the least effective (Tables 3).
It has been shown that canopy area and canopy density had the most significant impact on the
effectiveness of cooling and humidifying and may
positively influence temperature reduction; however, in our study, tree height negatively influenced
temperature reduction [31], while it positively influenced relative humidity increase, as did canopy
area and density. Many previous studies have
shown that solar radiation intensity and wind speed
impact cooling and humidification [32]. Our study
demonstrated that solar radiation positively affected
relative humidity increase and temperature reduction. The effectiveness of the different plant community types to temperature reduction may be
ranked, high to low, canopy density, canopy area,
tree height, and solar radiation. The contributions of
plant community characteristics to relative humidity increase may be ranked, high to low, canopy area,
canopy density, tree height, and solar radiation.
Given these four plant community characteristics, the multivariate linear regression equations for
temperature reduction (,) and relative humidity
increase (, ) were:
, = –1.799 + 0.050 canopy density (%) +
0.038 canopy area (m2) – 0.030 tree height (m) +
0.003 solar radiation (W/m2)
, = 1.574 + 0.023 canopy area (m2) + 0.007
canopy density (%) + 0.014 tree height (m) + 0.004
solar radiation (W/m2)

characteristics were analyzed hourly. To investigate
the humidifying and cooling effect of plant communities, our research used correlation analysis to
text the influential factors of the plant communities’
humidity and temperature. The results indicated
that the temperature had a close correlation with the
characteristics of plant communities. The correlation between relative humidity and temperature at
multilayer communities and canopy density was
positive, but the relative humidity and temperature
at plant structures with palm trees were negatively
correlated with tree height.
The air temperature variation at LZU-2
(ground cover community) was higher than LZU-3
(multilayer community), indicating that the
tree-shrubs-grass community had a more efficient
cooling effect than the grass community. The multilayer tree-shrub-grass community at LZU-3 and
tree-grass community at LZU-4 exhibited a higher
humidity increase than the ground cover community at LZU-2 and the bamboo groves at LZU-5b.
This suggests that the more complex the vegetation’s spatial structure, the more significant the humidifying effect. The variations in wind speed
demonstrated that large shrubs (height 1.53 m) reduced wind speed more significantly than grasses
(height 0.1–0.3 m). Therefore, plant type may influence wind speed. Tree biomass and the complexity of vegetation spatial structure have a positive
relationship with wind speed reduction.
The bioclimatic comfort evaluation research
focused on various environmental factors (e.g.,
temperature, humidity, solar radiation), and their
influence on the hot and cold comfort degree for
human physiology. Plant structure and tree height
should be considered before selecting species to
maximize cooling and humidity effects. As our research, the cooling effect of the site decreased to
5.24°C at LZU-4a (tree-grass community), while
the humidifying effect increased to 8.13% at
LZU-3a (multilayer community). In LZU-3 and
LZU-4, the BCI was: 4.55<S≤6.95 (more comfortable) from 13:00 to 19:00. This illustrates that the
tree-grass community and multilayer community
increased comfort, as the LZU-3a plant community
structure consisted of a tree layer (%(&#%)
+ shrub layer (#" &(%('#&) + grass layer
(#" &(%('#& %" %"(!
' % !), while the LZU-4a plant community structure consisted of tree layer ( '+ (&
#%"' &) + grass layer (#  ' 
"#$#(! (!, # "(!"%(!).

"$""

Although many researchers have thoroughly
examined the humidifying and cooling effects of
plant communities, they almost completely ignore
short-term changes in site conditions and effects.
Hence, in our research, diurnal variation was systematically described in the six sites and the correlations between them and plant canopy structural

$""

To conclude, this research has determined how
various small-scale plant communities influence the
humidification and cooling of microenvironments.
Canopy density, plant communities, and microcli-
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mate factors were analyzed. Plant structure and tree
height should be taken into account as selecting
species to maximize the cooling and humidity effect.
The canopy area canopy density intensely affected
the humidifying and cooling effects from 9:00 to
15:00. The cooling effect of the site decreased to
5.24°C at LZU-4a (tree-grass community), while
the humidifying effect increased to 8.13% at
LZU-3a (multilayer community). The urban vegetation was found to mitigate some of the heat island
effect; thus, climate and plant community research
shows that small-scale plant communities may affect their microclimates. The regression results indicate that canopy area, canopy density, solar radiation, and tree height significantly affected relative
humidity increase and temperature reduction, and
established the equations of multivariate linear regression for the relationships between factors.
Green spaces with multilayer and tree grass communities can significantly improve the urban environment microclimate, allowing bodily comfort
over long periods, and facilitate outdoor activities
in summer.
These results have been implemented to design and build new green space in Xi'an University
of Architecture and Technology, with plant communities intending to improve bioclimatic comfort
and activities; the applications of this technology
are both efficient and economical. We found the
more complex the green ground product, the greater
the community structure, and thus the more efficiently the green space can increase environmental
humidity. Furthermore, the limitation of the study is
that practice of the conclusion needs more continuity observation and identification, so we recommend that for future research, the plant community
structure design for cooling and humidity effect
should be promoted in more green space.
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trogen and chlorophyll contents, canopy density
and precious agricultural fields have been detected
in many studies by utilizing remote sensing methods [1-13]. Through the mentioned applications, it
can be understood how the substances in the water
given to plants affect the spectral signature of
plants. The amounts of inorganic substances such as
nitrogen given to plants can be determined.
The latest technological developments, such as
remote sensing and the global positioning system,
help farmers to determine field variability in crop
and soil conditions and perform agricultural practices more efficiently. Conducting agricultural applications in conjunction with remote sensing reduces labor costs, increases efficiency and reduces
environmental pollution [14]. According to the
Food and Agriculture Organization of the United
Nations, about 227 million tons of sugar beet are
produced annually in the world [15]. 80% of the
sugar supply in the world comes from sugar beet
grown in a tropical climate in developing countries
and 20% from sugar beet products produced in
industrialized countries [16]. According to statistical data, Turkey was the 5th biggest producer of
sugar beet after France, the Russian Federation, the
United States, and Germany in 2008 [17]. Sugar
beet is primarily utilized for animal husbandry and
industry. Sucrose (sugar) has two main sources for
human consumption: sugar cane and sugar beet
[18]. Sugar beet leaves are used as animal feed
while alcohol and spirit are produced from sugar
beet seeds. Phosphorus is a microelement that
plants, animals, and people must take. Macronutrients are needed by plants in large quantities [19].
Phosphorus is present in the soil in a limited
amount, so when given as a fertilizer, it helps plants
to grow better [20].
However, the excessive doses of phosphorus
can be harmful to the environment and plants as
well [21]. Therefore, applying the right amount of
phosphorus is critical for both the development and
health of plants in addition to the ecosystem. In the
studies mentioned above, the amounts of inorganic
substances in plants were determined. Various plant
indices and band ratios were used for this. However, a spectral classification method was not applied.
Classification and monitoring of plants treated with
different doses of phosphorus were performed by

Nowadays, the use of remote sensing technology in agricultural applications is increasing rapidly. It allows determining the amount of the fertilizer
required in an agricultural field and detecting fertilizer requirements, which are among the most significant factors affecting plant development, and its
terrestrial components. Depending on the amount
and type of the fertilizer used, the spectral signatures of plant leaves can be evaluated by remote
sensing data. In the present study, it was aimed to
determine the impact of the difference in the phosphorus amount used in the sugar beet plant on the
reflectance of the plant. In this context, 3 different
areas were identified in the study field. Sugar beet
was planted in these areas by applying different
doses ranging from 0 kg P ha-1, 150 kg P ha-1 to 300
kg P ha-1. Spectroradiometer measurements were
carried out simultaneously with Landsat 8 satellite
transition (satellite image dated 17.09.2017) for
obtaining the spectral signatures of the sugar beet
treated with different doses of phosphorus when the
plants were grown to 5 months old. The Matched
Filtering (MF) algorithm was used as a spectral
classification in which spectroradiometer measurements of the sugar beet were used as a reference
endmember in order to detect different phosphorus
groups. Furthermore, the Normalized Difference
Vegetation Index (NDVI) was applied to the satellite image to compare the MF result. According to
the results of MF and the NDVI which are coherent
with each other, it was concluded that sugar beets in
three different dosing areas were correctly identified in different classes.
$#
Remote Sensing, phosphorus, matched filtering, NDVI,
sugar beet

 ! 
With the development of technology, the application areas of remote sensing have also begun to
vary from earth science and climate science to vegetation and agriculture. Plant stress, irrigation, ni-
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applying the matched filtering algorithm to the
satellite image.
In this study, it was aimed to classify the sugar
beet with different doses of phosphorus according
to the fertilizer content of the sugar beet plant (Beta
vulgaris L.). Thus, it was proven that it is possible
to determine different doses of fertilizers, treated to
cultivated crops in agricultural areas, using the
integration of remote sensing and terrestrial spectral
measurement data. It was understood that MF, used
as a classification method, is successful in such
studies. It was shown that the results of the NDVI
analysis with MF were coherent with each other,
and it was understood that the NDVI index increased with an increase in the amount of the fertilizer treated. Based on this study, the fertilizer content in the agricultural soil and the fertilizer need of
the plant can be detected by using the remote sensing technology and its terrestrial components.

borders of Ulaş district (Figure 1).
From the Oligo-Miocene to the Quaternary,
various sedimentary rocks, such as sandstone, claystone, siltstone, gypsum, anhydrite, and alluvium,
outcropped in the surrounding of the study area.
The sedimentary rocks are important reservoir
rocks in terms of groundwater. However, gypsum
and anhydrite are known as rocks having especially
calcium sulfate compounds to increase the salinity
of the soil. This situation constitutes one of the
points to be considered in terms of agricultural
activities.
 
The soil used in the study contained clay,
lime, and its salinity level was low. It also had the
low content of organic matter, slightly alkaline, the
low content of phosphorus, and sufficient content of
potassium (Table 1). Valentina species was used as
the sugar beet seed. Sugar beet cultivation took
place in March 2017, and the harvest was carried
out in November 2017.

 !$
The study area is located 25 km away from
Sivas province (in the south) in Turkey within the

!
2'%6-212*6,)567(;%4)% ,)567(;%4)%9%5(-8-()(-1626,4))5)3%4%6)3%465



300 kg ha-1 phosphorus was applied to the northern part, 150 kg ha-1 phosphorus was applied to the central part, but no phosphorus was applied to the southern part of the area. a) Location of the study area on Turkey’s map. b) Study area on the
Google Earth image dated May 12, 2017. c) Study area on the Google Earth zoomed image.
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replicates simultaneously with Landsat 8 transition.
Spectroradiometer measurements were made in
order to obtain endmembers required for spectral
classification.
Spectroradiometer measurements were made
using the pistol-grips, which is a passive method by
using the solar energy source. ASD Field Spec 4
High - Res was used as the spectroradiometer
which can measure the wavelength range between
350 - 2500 nanometers. Measurements were performed in reflectance mode. Reflectance is distinct
from the intensity and nature of illumination, is a
subsistence property of an object, unlike radiance
and irradiance values [25]. After completing the
spectroradiometer measurements, statistics were
analyzed, and spectra representing each plant were
obtained. The meanings of each phosphorus group's
reflections were taken within themselves. These
reflectance data were organized in ViewSpec PRO
software provided by ASD Inc. The reflectance
obtained by the spectroradiometer was resampled to
Landsat 8 OLI - wave intervals (Table 2). Then, the
spectral signatures were obtained to be used in the
spectral classification with the spectroradiometer
measurement data.
The surface reflectance derived from the top
of the atmosphere (TOA) reflection for varying
scattering and absorbing impacts of the atmospheric
gases and aerosols, in other words, the spectral bidirectional surface reflectance, is required to monitor the surface reliably [26]. However, it is necessary to use remotely sensed information, represented by a remotely sensed reflection to minimize the
impact of atmospheric compounds (gases and aerosols) that attenuate about 80% of the remotely
sensed signal [27, 28]. This means that images must
be subjected to atmospheric correction, so the atmospheric correction of the satellite image was
made, and digital numbers were converted to reflectance. Then, the integration of the spectral signatures, obtained by the spectroradiometer, with the
satellite image was ensured (Figure2). Table 2
shows the spectroradiometer measurement values,
resampled to Landsat 8 wavelength ranges numerically, while Figure 2 represents their graphical
reflectance values.
These data are used as an endmember for
spectral classification. Spectral-based classification
methods easily compare the spectral properties of
materials to be used on both hyperspectral and
multi-spectrum remote sensing data and give improved results [29]. Matched filtering was applied
as a classification method. Maximizing the response of a known endmember, which is embedded
in noise, is a matched filtering process. Matched
filtering is the most appropriate method if the signal
sent for the detection of primary users is known.
The short time to success, a definite probability of
false alarm, or probability of misdetection are the
greatest disadvantages of matched filtering [30, 31].

The Landsat 8 Operational Land Imager (OLI)
satellite image dated 17.09.2017 was used in the
study since sugar beets reached adequate maturity
on this date. Landsat 8 OLI provides multispectrum 8-band data in the visible, near infrared,
and shortwave infrared regions of the electromagnetic spectrum. Landsat 8 has a 16-day repeat cycle,
and it records data at a moderate spatial resolution
of 30 m [22]. The images were downloaded as
geometrically corrected from the official site of the
United States Geological Surveys (USGS).

,;5-'%/%1(',)0-'%/3423)46-)52*6,)):3)4-
0)16%/*-)/(52-/&)*24)3/%16-1+

Soil Property
pH (H2O)
Lime (%)
Salt (dS m-1)
Organic Matter (%)
Texture
Total N (%)
Available P (kg ha-1)
Available K (kg ha-1)

Depth (0-30 cm)
7.42
14.30
0.41
1.30
CL
0.10
53.50
948.10


 
)*/)'6-2154)5%03/)(626,)9%8)/)1+6,
-16)48%/52*%1(5%6 
Wavelength
(micrometer)
0.4430
0.4826
0.5613
0.6546
0.8646
1.6090
2.2010

Mean 0
kg P ha-1
(micro
meter)
0.0203
0.0214
0.0595
0.0266
0.5412
0.0308
0.0265

Mean
150 kg P ha-1
(micro
meter)
0.0381
0.0409
0.1058
0.0513
0.7609
0.0551
0.0598

Mean
300 kg P ha-1
(micro
meter)
0. 0412
0.0440
0.1007
0.0542
0.7396
0.0599
0.0668



 
The physical and chemical properties of the
soil used in the study were analyzed in the laboratories of Cumhuriyet University, Vocational School
of Sivas, Department of Organic Crop and Animal
Production.
Three different phosphorus (P) doses were applied to the soil in the study. These are 0 kg P ha-1,
150 kg P ha-1, and 300 kg P ha-1 (P applied as Triple
Super Phosphate). Field experiments were carried
out in randomized plots design, each of 1000 m2,
with 3 replications.
Spectroradiometer measurements provide
highly detailed spectral information of the known
targets identified in the field. This instrument
measures the amount of the energy reflected by a
ground or an object at various wavelengths [23, 24].
When the plants were grown up, spectroradiometer
measurements were made on the plant leaves. Spectroradiometer measurements were performed in 5
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above mentioned indices utilize the plant spectral
signal for the purpose of predicting the characteristics of the plant and allow plant analysis to be performed [32, 33]. In this study, the NDVI was used
to predict the condition of the plants. The NDVI
provides information about the vegetation condition
by taking advantage of the opposite impacts of the
vegetation cover on the red and near-infrared part
of the green [34].
The NDVI value of the areas treated with 300
kg ha-1 phosphorus is low. The areas where 300 kg

As a result of matched filtering, sugar beet, in
which phosphorus is applied at different doses, can
be detected. The green colored pixels indicate 300
kg ha-1 phosphorus applied areas, the yellow colored pixels indicate 150 kg ha-1 phosphorus applied
areas, and the red colored pixels indicate 0 kg ha-1
phosphorus applied areas (Figure 3a).
Various indices have been used for approximately 30 years for the purpose of estimating agricultural and biophysical plant parameters. These
indices are formed from remotely sensed data. The
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ha-1 of phosphorus fertilizer is applied are clearly
separated from the areas where 150 kg ha-1 and 0 kg
ha-1 phosphorus treatment is applied (Figure 3b).
The NDVI values of the areas where 150 kg ha-1
and 0 kg ha-1 of phosphorus fertilizer were applied
were higher compared to the areas treated with 300
kg ha-1 of phosphorus.
300 kg ha-1 phosphorus was applied to the
northern part of the study area and 150 kg ha-1
phosphorus was applied to the middle part, while
no phosphorus was applied to the southern part.
The areas with different doses of phosphorus could
be detected by running the MF classification algorithm (Figure 3a). Furthermore, the NDVI values
were tested to support the MF result (Figure 3b).
According to Figure 3, the NDVI values are proportional to the amount of the treated phosphorus on
the MF result. Because the amount of the treated
fertilizer affects the plant growth positively, the
density of vegetation increases and the value of
NDVI increases relatively.

phorus are clearly distinguishable from others because of the NDVI values.
Compared to the NDVI and matched filtering,
the NDVI values of the pixels classified as 300 kg P
ha-1, which appear green in Figure 3, must be high
in phosphorus. Because of the mixed pixels, which
were caused by the low spatial resolution of the
satellite data, on the image, some pixel values of
the NDVI result are low.
!
As a result, it is possible to detect the phosphorus content of plants at different doses using
remote sensing images quickly, taking advantage of
the spectral reflection difference that varies depending on the phosphorus content of plants.
It is of great importance that using the right
amount of the fertilizer treated to plants contributes
not only to plant growth but also to the protection
of soil and ecosystem.
Moreover, remote sensing and its terrestrial
components provide faster and more reliable results
in detecting different doses of fertilizer.


! !
Changes in the spectral signature of the sugar
beet were monitored by the content of phosphorus
fertilizer applied to the sugar beet grown in the plot
environment.
According to Figure 2, between 2000 - 2500
nanometers, the spectral signatures of the sugar beet
showed a proportional change to phosphorus content. As the phosphorus dose, applied to the sugar
beets, increased in this region of the electromagnetic spectrum, the reflectance of the sugar beets increased accordingly. In other wavelength ranges,
non-linear behavior was observed due to the
amount of phosphorus.
The spectral signatures in Figure 2 were used
as a reference endmember for spectral classification. Due to the fact that the spectroradiometer
measurements were performed in the spectral range
of 350-2500 nanometers, the spectral data were
resampled to the wavelength range of Landsat OLI
in order to carry out the spectral classification of
the image.
By using the matched filtering algorithm, the
parts of the study area where sugar beets were
treated with different doses of phosphorus were
classified.
Furthermore, the NDVI values of plants were
investigated to compare with the spectral classification of the MF result. However, it was not determined that these values showed a regular change by
phosphorus content. It was observed that the NDVI
values of sugar beets increased in direct proportion
to phosphorus content. The reason for this was
thought to be the phosphorus fertilizer applied by
the farmers all over the study area last year.
Sugar beets treated with 300 kg P ha-1 phos-
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To analyze and evaluate the source distribution and health indicator characteristics of natural
mineral water in the Changbai Mountain area of
China, the water quality of eight representative
mineral water sources in Antu County, Fusong
County, Jingyu County, and Huinan County in the
Changbai Mountain area was determined. The
highest and lowest pH values of the 8 water samples were 7.70 and 6.61, respectively. The average
pH value was 7.20, which approximated the normal
level (7.04) in human body. The highest and lowest
dissolved oxygen (DO) content was 9.0 mg·L-1 and
6.92 mg·L-1, respectively. The DO content was
generally > 7.0 mg·L-1 in most of the water samples.
The oxidation reduction potential (ORP) was < 200
mV in most of the water samples; the lowest ORP
value was 128 mV, which is conducive to improving the immunity and natural healing ability of the
human body. The content of metasilicic acid varied
between 30.6 mg·L-1 and 63.9 mg·L-1, and the content of metasilicic acid was generally greater than
the national standard of 25 mg·L-1 for mineral water.
Thus, mineral water was high in metasilicic acid
and had high health and taste indices. Clustering
analysis was performed to compare the health indicators between mineral water in the Changbai
Mountain area and famous European brands of bottled mineral. The results showed that the mineral
composition of mineral water in Changbai Mountain was close to that of the Volvic bottled mineral
water produced in France. Mineral water samples
collected from Feilong Spring, Qinglong Spring,
and Quanyang Spring significantly increased the
red blood cell superoxide dismutase (SOD) activity
by 7.2%, 8.8%, and 12.1%, respectively, which
indicated that the anti-oxidative capacity was improved in mice. The line width (half width) of 17O
magnetic resonance (17O-NMR) varied between 70
and 90 Hz, which satisfied the standard for
high-quality natural drinking water. The natural
mineral water in Changbai Mountain was high in
metasilicic acid, low in the degree of mineralization,
and free from pollutants. Toxic elements were not

detected in the mineral water or the content of toxic
elements was very low. Thus, the mineral water in
Changbai Mountain satisfied the national standard
for natural drinking mineral water (GB8537-2008)
in terms of sensory and physiochemical qualities.
The mineral water from Changbai Mountain is the
healthy natural drinking mineral water.
(&!" 
Changbai Mountain Area, Natural Mineral Water, Evaluation of Health Indicators, Low Degree of Mineralization,
Human Health



#!$# 
There is a growing concern about the threat of
waterborne diseases to human health due to aggravation by urban water environment pollution [1, 2].
As the living standard continues to rise, safe drinking water can no longer meet the requirements of
people. People hope that they can gain health benefits from drinking water [3-5].
Natural mineral water is the unpolluted underground mineral water gushing out naturally or
disclosed artificially. Under normal conditions, the
chemical composition, flow rate, and temperature
of the natural mineral water fluctuate within a very
limited range. Natural mineral water contains some
mineral salts, trace elements, and carbon dioxide
gas that are beneficial for human health [6, 7]. In
developed countries, natural, safe nutritional, and
healthy mineral water has already become a necessity for daily life. It is estimated that the per capita
annual consumption of mineral water has exceeded
100 L in Italy, Belgium, and Germany, and has
reached about 90 L in Switzerland, France, Spain,
and Austria [8]. In contrast, the per capita annual
consumption of mineral water is only 2.5-5.0 L in
China. Along with the rise in the living standard,
health awareness, and consumer understanding of
mineral water, the consumption of mineral water
has recently been increasing in China. A growing
number of people prefer natural mineral water, a
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northeast China (Songhua River, Yalu River, and
Tumen River). The water system shows a radial
distribution pattern. The outcrops in the Changbai
Mountain area consist of nearly every strata sequence, ranging from the Paleozoic to Cenozoic
eras. Formation lithology before the Permian period
is dominated by metamorphic rocks, including
quartzite and marble. The lithology from the Permian period to the Mesozoic era is dominated by
clastic rocks. Since the Tertiary period of the Cenozoic era, the volcanic activities have been violent.
Large-scale outpouring of multi-cycle basaltic
magma occurs frequently, resulting in large areas of
basalt caprock that can be found throughout the
entire Changbai Mountain area. Water resources are
abundant in the form of spring clusters which have
a stable flow rate.

limited natural resource, to promote their health [9].
The natural standard for natural drinking mineral water in China specifies the limits for 9 indicators, including lithium, strontium, zinc, selenium,
bromides, iodides, metasilicic acid, free carbon
dioxide, and total dissolved solids (TDS). The content of at least one of the above components must
satisfy the following requirement: ≥ 0.2 mg·L-1 for
lithium, zinc, and iodides; ≥0.01 mg·L-1 for selenium; ≥1.0 mg·L-1 for bromides; ≥25 mg·L-1 for
metasilicic acid; ≥250 mg·L-1 for free carbon dioxide; and ≥1000 mg·L-1 for TDS [10]. There are also
national standards for the upper limit and hygienic
indicators of certain elements, compounds, and
radioactive substances, which ensure the safety of
natural drinking mineral water. Natural mineral
water sold on the market is considered a healthy
drinking water because of these specifications.
Health indicators of natural mineral water have
been intensively studied in Japan, Austria, USA,
Russia, and Korea [11, 12], but limited research has
been conducted in China. In this study, we analyzed
the health indicators and assessed the health benefits of natural mineral water from Changbai Mountain.
The Changbai Mountain area is located in Jilin
Province of northeast China. The southeast part is
separated from North Korea by the Yalu River.
Consisting of Bai Mountain, Tonghua, and part of
the Yanbian Korean Autonomous Prefecture, the
Changbai Mountain region covers a total area of
approximately 27,000 km2. The Changbai Mountain Nature Reserve covers an area of 1964.65 km2,
and Jingyu Spring protection zone covers an area of
423.25 km2. The annual average temperature is
-7.3-2.5°C, and the average annual precipitation
over the years is 680-1330 mm, with westerly
winds prevailing throughout the year. Changbai
Mountain is the source of the three big rivers in

#!"#" 

&,=0;<,6950<Water samples were collected
from eight sampling sites (Xiagu Spring, Feilong
Spring, Xianchi Spring, Daquanyan Spring, Qinglong Spring, Quanyang Spring, Baijiang Spring,
and Guangming Spring), as shown inFig. 1. Part of
the mineral water from Qinglong Spring and
Quanyang Spring is transported to the bottling factory, while the mineral water from other springs is
still under development and has not reached the
market. These springs are located in four counties
(Antu County, Fusong County, Jingyu County, and
Huinan County), from east-to-west. The four counties run through the entire Changbai Mountain Nature Reserve from east-to-west, so the water quality
of these eight springs could reflect the overall quality of all springs in the Changbai Mountain area.
The sample collecting process was completed four 
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times throughout the year, in January, April, July
using the hydroxylamine method. 
and October, respectively, with January and July
being the coldest and hottest months in northern of
0=0;647,=487 81 25>=,=34870 90;8A4/,<0
China. Five samples were collected each time at
" A ,.=4?4=B * + Double distilled water (1
each sampling site, so there were twenty samples at
mL) was added to 10 μL of mouse blood and fully
each sampling site in the whole year. Table 1 shows
oscillated to induce hemolysis. A 1:100 dilution of
the flow rate of the eight sampling sites in the
the blood sample was prepared. GSH-Px activity
Changbai Mountain area. As shown in Table 1,
was measured using the DTNB assay within 4 h.
except for Xiagu Spring, which has a small flow
rate, all other springs have a large flow rate [13].
0=0;647,=487818=30;47/4.,=8;<Other in
dicators adopted the national standard method.
0=0;647472 ,7/ ,7,5B=4. 60=38/ 0=0;

647,=48781;0/-588/.055<>90;8A4/0/4<6>=,<0
,=, ,7,5B=4. 60=38/ Statistical analysis
" ,.=4?4=B * + Determination of red blood
was carried out on the determined data of the twenty samples at each sampling site, and the test results
cell SOD activity: Normal saline (0.5 mL) was
were expressed as average values ± error bars.
added to 10 μL of mouse whole blood and centriDuring this statistical analysis process, the confifuged (2000 r/min × 3 min). The supernatant was
dence interval was 68.3 %, so the error bar length
discarded. During rotation mixing, 0.2 mL of douwas:
ble distilled water, 0.1 mL of 95% ethanol, and 0.1
mL of trichlorofluoromethane, all of which were
δ
Error bar= 1.03 ×
(1)
pre-cooled, were added successively. After oscilla
tion for 30s, the solution was poured into the fast
where δ is standard deviation, and
mixer and extracted for 1 min. Next, the solution
was stratified by centrifugation (4 000 r/min ×3
 is the number of test data for analysis.
min). The supernatant was the SOD extract, and the
volume was recorded. SOD activity was measured


#  
?0;,20158@;,=0<81=300423=<9;472<47=303,72-,48>7=,47,;0,
Item
Location
Flow rate
(/L·s-1)

Xiagu
Spring
Fusong
County

Feilong
Spring
Jingyu
County

Xianchi
Spring
Antu
County

Daquanyan
Spring
Huinan
County

Qinglong
Spring
Jingyu
County

Quanyang
Spring
Fusong
County

Baijiang
Spring
Jingyu
County

Guangmin
Spring
Antu
County

9.8

127.2

115.3

111.8

74.7

40.5

405.1

73.6

#  
0,<>;0607=<8147/4.,=8;<18;/4110;07=6470;,5@,=0;<,6950<1;86=303,72-,48>7=,47,;0,
Item
Xiagu Spring
Feilong Spring
Xianchi Spring
Daquanyan Spring
Lithium /(mg·L-1)
0.005
0.005
0.005
0.005
Strontium /(mg·L-1)
0.054±0.0016
0.068±0.0021
0.016±0.0007
0.080±0.0024
Selenium /(mg·L-1)
0
0
0
0
Zinc/(mg·L-1)
0
0
0
0
Metasilicic acid /(mg·L-1)
50.0±1.23
44.5±0.98
63.9±1.56
44.5±1.29
Bromides /(mg·L-1)
0.05
0.05
0.05
0.05
Iodides /(mg·L-1)
0.005
0.005
0.005
0.005
Free CO2/(mg·L-1)
18±0.43
11±0.32
24±0.58
11±0.24
TDS/(mg·L-1)
122±2.36
187±3.54
148±2.09
152±2.24
Item
Qinglong Spring
Quanyang Spring
Baijiang Spring
Guangming Spring
Lithium /(mg·L-1)
0.005
0.005
0.005
0.005
Strontium /(mg·L-1)
0.056±0.0019
0.033±0.0011
0.059±0.0027
0.059±0.0025
Selenium /(mg·L-1)
0
0
0
0
Zinc/(mg·L-1)
0
0
0
0
Metasilicic acid /(mg·L-1)
38.9±1.14
30.6±1.07
36.1±1.13
61.2±1.35
Bromides /(mg·L-1)
0.05
0.05
0.05
0.05
Iodides /(mg·L-1)
0.005
0.005
0.005
0.005
Free CO2/(mg·L-1)
9±0.16
7±0.12
11±0.27
20±0.51
TDS/(mg·L-1)
168±2.39
79±1.51
131±2.52
142±2.61
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4<.><<487 ,<4. @,=0; :>,54=B 10,=>;0<
0?,5>,=487 The natural mineral water samples
from all 8 springs were colorless, transparent, not
turbid, and odorless. The main cations were Na+,
Ca2+, and Mg2+; the content varied in different mineral water samples, but all remained low. The main
anion was bicarbonate ion; the content varied between 29 and 98 mg·L-1 in most samples. A small
amount of sulfates was also detected; the highest
content was 12 mg·L-1. There was also a small
amount of chlorides; the largest content was 3
mg·L-1. The content of heavy metals was extremely
low in the mineral water samples. Analysis of radioactive tritium in groundwater indicated that the
retention time of groundwater in the Changbai
Mountain area was 60 years, and the burial depth of
groundwater was > 1600 m. The mineral water was
generally formed by precipitation in the past 50
years [16, 17]. The sensory and physiochemical
qualities of natural mineral water in Changbai
Mountain conformed to the Standards for Natural
Mineral Drinking Water (GB8537-2008). 

!"$#""$"" 

!0<>5=< According to the above-mentioned
standards (GB8537-2008), limits are imposed on
the following 9 indicators of mineral water: lithium;
strontium; zinc; selenium; bromides; iodides; metasilicic acid; free carbon dioxide; and TDS. The
content of at least one of the above components
must satisfy the requirement. The natural mineral
water can be classified based on the content of the
above indicators. Measurements were performed
for the eight representative mineral water sources
according to the standards, with the results shown
in Table 2. Meanwhile, the health indicators of natural mineral water such as pH, DO, ORP and content of metasilicic acid were determined, with the
results shown in Fig. 2 - Fig. 5. In addition, measurements of SOD activity and GSH–Px activity
were shown in Table 3, and the cluster structure
characteristics of natural mineral water were shown
in Table 4.
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#  
869,;4<8781",7/"C A,.=4?4=40<81;0/-588/.05547/4110;07=6470;,5@,=0;<,6950<
Group
Control group for
injury-induced
Feilong Spring
Qinglong Spring
Quanyang Spring
Running water
Distilled water

SOD/U·mL-1

GSH-Px/ U·mL-1

268.5±5.76

19.78±0.57

287.7±6.31
292.2±5.17
300.8±7.24
262.1±5.35
253.4±4.18

19.05±0.72
19.33±0.61
19.50±0.48
18.99±0.29
15.21±0.43

SOD change rate
(%)

GSH-Px change ate
(%)

+7.2
+8.8
+12.1
-2.4
-5.6

-3.5
-2.2
-1.4
-4.0
-23.1

#  
5><=0;<=;>.=>;0</0=0.=0/47/4110;07=7,=>;,56470;,5@,=0;<,6950<
Item
17
O-NMR
Half width (Hz)

Item

Xiagu
Spring

Feilong
Spring

Xianchi
Spring

Daquanyan
Spring

Qinglong
Spring

Quanyang
Spring

Baijiang
Spring

Guangmin
Spring

79±2.31

72±2.54

83±2.17

78±2.51

81±2.09

78±2.44

86±2.36

85±3.01

Evian mineral
Spring

Laoshan mineral
Spring

Tibet glacial mineral
Spring

83±2.65

79±2.24

88±3.35

17

O-NMR
Half width (Hz)
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As shown in Table 2, the content of metasilicic acid was generally in the mineral water samples,
and varied between 30.6 and 63.9 mg·L-1, which
exceeded the national standard of 25.0 mg·L-1
(GB8537-2008) [10]. A small amount of potassium
and a trace amount of strontium were also detected
in some samples, in which a small amount of barium and lithium was also detected. In addition, terrestrial heat has a large burial depth in Changbai
Mountain. An endothermic reaction occurs between
carbon
dioxide
and
groundwater
under
high-temperature, high-pressure conditions, which
gives rise to precious cold spring mineral water in
the high-temperature volcanic zone.
Normally, healthy drinking water refers to the
drinking water that conforms to safety requirements
for drinking water and promotes human health after
long-term consumption. Martin Fox proposed the
following standards for healthy drinking water:
weak alkalinity (pH=7-8); moderate content of DO
and carbon dioxide (DO not below 7.0 mg·L-1); and
a moderate content of minerals. Of the eight mineral water samples, the highest pH value was 7.70
(Baijiang Spring) and the lowest pH value was 6.61
(Xianchi Spring). The average pH of the eight mineral water samples was approximately 7.20, which
was close to the human pH value (7.04) and conformed to the standards for healthy drinking mineral water. In addition, the highest DO content was
9.00 mg·L-1 (Feilong Spring) and the lowest DO
content was 6.92 mg·L-1 (Qinglong Spring); the DO
content was generally > 7.0 mg·L-1 in most mineral
water samples, which conformed to the standards
for healthy drinking mineral water.
Many researchers believe that the long-term
consumption of low-ORP water (Kangen water in
foreign countries) can reduce the activity of reactive oxygen species (ROS) and increase the activity
of anti-oxidase. By inhibiting the production of
excess ROS, low-ORP water can help maintain
redox balance and enhance the immunity and the
natural healing power of the human body [18-20].
We have carried out a series of experiments and
propose that the ORP can be taken as one indicator
for healthy drinking water that contains no other
toxic or harmful substances. The upper limit for
ORP should be 200 mV, which means that
low-ORP drinking water should have an ORP <
200 mV. As shown in Fig. 4, the ORP in all 8 mineral water samples was < 200 mV and the lowest
value reached 128 mV. This indicated the health
benefits of natural mineral water from the Changbai

Item
Health index
Taste index

Mountain area.
Metasilicic acid in mineral water is mainly
formed by the dissolution of soluble silicon dioxide
in water. The silicon element in silicic acid is an
essential trace element and mainly found in the
aortic wall. Silicic acid is involved in the biosynthesis of human connective tissues, epithelial tissues, bones, and ossein. Silicic promotes human
growth and development, enhances vascular function, and helps mitigate cardiovascular diseases in
elderly people [5, 21]. Metasilicic acid is one of the
9 trace elements tested for mineral water according
to the national standards, which specifies that the
content of metasilicic acid must be > 25 mg·L-1. As
shown in Fig. 5, the content of metasilicic acid was
very high in all of the eight mineral water samples,
and varied between 30.6 mg·L-1 (Quanyang Spring)
and 63.9 mg·L-1 (Xianchi Spring). With the content
of metasilicic acid > 35 mg·L-1, all of the eight
mineral water samples were high in metasilicic acid
and could promote human health.
0,5=3,7/=,<=047/4.0<0?,5>,=487In 1985,
the Japanese professor, Hashimoto, proposed the
assessment of healthy drinking water based on the
ability to reduce the incidence of cerebral hemorrhage. The health index was defined as follows
[22]: 
Health index ρ 2+ 0.87 ρ + ≥5.2
(2)
where

ρ



2+



is the mass concentration of

2+

Ca in the drinking water (mg·L-1) and
ρ + is the mass concentration of Na+ in the


drinking water (mg·L-1).
The health benefits of the drinking water are
excellent if the health index calculated from formula (2) is > 5.2. The health benefits of all of eight
mineral water samples from the Changbai Mountain
area were assessed using formula (2). The results
are presented in Table 5. It can be seen that all natural mineral water samples have a high health index.
Humans are very sensitive to the taste of
healthy drinking water, thus the taste index is another important indicator of drinking water. Of different minerals contained in drinking water, Ca2+,
K+, and SiO3 2- are most closely related to taste.
Excess Mg2+, SO42-, and Cl- in the drinking water
can cause deterioration in taste. In addition to the

#  
,5.>5,=487<8130,5=3,7/=,<=047/4.0<816470;,5@,=0;<,6950<
Xiagu Feilong Xianchi Daquanyan Qinglong
Quanyang
Baijiang
Spring
Spring
Spring
Spring
Spring
Spring
Spring
4.5
5.4
4.3
5.1
4.8
5.1
5.5
9.7
3.5
6.4
8.1
3.4
5.8
2.6
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# 
869,;4<8781/4110;07=.8698707=<-0=@007=30<9;472<47=303,72-,48>7=,47,;0,,7/-8==50/
6470;,5@,=0;8114?0>;890,7-;,7/<
+
Na+
Ca2+
Mg2+
H2SiO3
SO42HCO3Item
K
Xiagu Spring
2.1
5.1
7.2
2.1
50
3
29
Feilong Spring
3.3
7.8
12.2
9.8
44.5
7.2
98
Xianchi Spring
2.9
9.6
4.5
4.3
63.9
2.9
56
Daquanyan Spring
2.9
9.6
4.5
4.3
63.7
2.9
56
Qinglong Spring
3.7
8.2
10.5
8.6
38.9
7
87
Quanyang Spring
1.4
3.6
5.2
2.1
30.6
4.3
2.9
Baijiang Spring
2.2
5.8
9.1
5.9
36.1
12
56
Guangmin Spring
2.8
7.4
6.8
7.7
61.2
5.4
76
Volvic
6.2
11.6
11.5
8
41.2
8.1
371
Evian
1.1
7
82
27.6
18
12
375
Vittel
4.9±
7.5
95.9
20.6
10.9
122
267
Perrier
0.4
10.6
159
3.6
13.1
32
430
Gerol
2.8
11.1
137
49.5
17.1
45
427

glong Spring, and Quanyang Spring and in the bottled mineral water of five European brands. The
clustering analysis was conducted based on Euclidean distance, and the distance matrix is shown in
formula (4). The calculation results from the data in
Table 2 show that the mineral water samples from
Feilong Spring, Xianchi Spring, Daquanyan Spring,
Qinglong Spring, Quanyang Spring, and Volvic
bottled mineral water belonged to the same cluster.
The Euclidean distances between these 6 mineral
water samples did not exceed 50 and most were <
20. In addition, the minimum Euclidean distance
between these 6 mineral water samples and the
samples from Evian, Vittel, Perrier and Gerol bottled mineral water was > 200. This indicated that
the components of mineral water samples from the
Changbai Mountain area were most similar to those
of Volvic bottled mineral water, but differed greatly
from the other four European brands.

health benefits, healthy drinking water should also
bring pleasure to the human senses. The Japanese
professor, Hashimoto, conducted a survey on mineral components of running water and drinks
worldwide, including Japan. Professor Hashimoto
defined the taste index of drinking water as follows
[22]:
Taste index

ρ + ρ  + ρ 
ρ  + ρ 
2+

+

2

2+

≥2.0

(3)

2−

4

where

ρ

2+

is the mass concentration of

Ca2+ in the drinking water (mg·L-1),
ρ + is the mass concentration of K+ in the


drinking water (mg·L-1),
ρ 2− is the mass concentration of SO42- in
4

the drinking water (mg·L-1),
ρ 2+ is the mass concentration of Mg2+ in


⎡0 47.41 30.52 13.17 49.49
⎢
0 24.54 40.73 43.44
⎢
⎢
0
20.14 42.35
⎢
0
39.5
⎢
⎢
0
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣⎢

the drinking water (mg·L-1), and
is the mass concentration of SiO2 in the
ρ


2

drinking water (mg·L-1).
The taste of drinking water is considered excellent if the taste index calculated from formula (3)
is > 2. The taste of all of the eight mineral water
samples from the Changbai Mountain area was assessed using formula (3). The results are given in
Table 5. It can be seen that all mineral water samples have an excellent taste.
In addition, the components of the eight mineral water samples collected from the Changbai
Mountain area were compared with five famous
European brands of bottled mineral water (Volvic,
Evian, Vittel, Perrier, and Gerol). The assessed indicators were the content of K+, Na+, Ca2+, Mg2+,
H2SiO3, SO42-, and HCO3-, as shown in Table 6.
Clustering analysis was applied to compare
the content of different components in Feilong
Spring, Xianchi Spring, Daquanyan Spring, Qin-

27.95
29.15
7.52

287.44 223.63
332.49 264.27
317.28 247.25

361.23
407.45
365.74

16.81
45.32
0

298.12
355.76
313.35
0

375.58
430.84
390.84
99.88
180.86
0

232.16
281.92
337.65
155.35
0

357.27 ⎤
401.88 ⎥⎥
358.28 ⎥
⎥
367.75 ⎥
424.25 ⎥
⎥
382.54 ⎥
107.95 ⎥
⎥
93.18 ⎥
54.35 ⎥
⎥
0 ⎥⎦

(4)

7=48A4/,=4?0.,9,.4=B0?,5>,=487Aging is
closely related to the activity of anti-oxidase. SOD
plays an important role in the oxidative and anti-oxidative balance in the human body by clearing
superoxide anion radicals and protecting the cells
against damage. The -OH hydroxyl radical is the
most active ROS and can react with nearly every
type of organic matters in cells, including glucose,
amino acids, phospholipids, nucleotides, and organic acids. The rate constants of these reactions
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(1) High-quality cold spring mineral water that
is high in metasilicic acid and low in the degree of
mineralization is formed under the unique tectonic
structure and natural geographic conditions of
Changbai Mountain. The original ecologic environment, dense forests, and vegetation, as well as
low population density, are important for the production of natural, safe, healthy, and pollution-free
mineral water in Changbai Mountain.
(2) Physical, chemical, microbial, and radioactive tritium detections indicate that the natural
mineral water in Changbai Mountain was formed
by the precipitation in the past 50 years. The mineral water is high in metasilicic acid and free from
toxic and harmful substances and pollutants. The
mineral water from the springs in Changbai Mountain conforms to the Standards for Natural Mineral
Drinking Water (GB8537-2008).
(3) Other indicators, including pH, DO, ORP,
metasilicic acid, health index, taste index, anti-oxidative capacity, and cluster structure characteristics, were detected and conformed to the standards for healthy natural drinking water. Long-term
consumption of mineral water in the Changbai
Mountain area can bring health benefits to the human body.
(4) For the determination of pH, DO, and
ORP, there is mature and convenient technology
with reliable results, so the testing results can be
used as the basis for preliminary assessment of natural mineral water quality.
(5) Natural mineral water in the Changbai
Mountain area is highly abundant and of a high
quality and potential value. The Changbai Mountain area has the prospect to become a super-large
bottled mineral water industry base.

are usually high, indicating the strong destructive
power. ROS can be decomposed by catalase, and
measuring the activity of catalase is very important.
GSH-Px is a widely present enzyme that promotes
peroxide decomposition and clears obnoxious
products of peroxide metabolism from the cells.
GSH-Px can block lipid peroxidation chain reaction,
thus maintaining the integrity of cell membrane and
function [14, 15]. 
In the current study, subcutaneous injection of
D-galactose was performed to mice to establish the
subacute oxidative injury-induced aging model.
SOD and GSH-Px activities of red blood cells were
measured and the control group for peroxidation
injury-induced aging was established. The mice
were given distilled water, mineral water from Feilong Spring, Qinglong Spring, and Quanyang
Spring, and running water. The SOD and GSH-Px
activities of red blood cells were measured again 3
months later, and the anti-oxidative capacity of different mineral water samples was compared, as
shown in Table 3.
It can be seen from Table 3 that GSH-Px activity did not change significantly in whole blood
before and after treatment with different mineral
water samples, but SOD activity of red blood cells
was considerably improved after treatment with
Feilong Spring, Qinglong Spring, and Quanyang
Spring, by 7.2%, 8.8%, and 12.1%, respectively.
Thus, the mineral water samples from Feilong
Spring, Qinglong Spring, and Quanyang Spring
contained certain amounts of elements and substances that were conducive to structural stability
and activity of the enzymes. The increase in the
SOD activity may be related to the dissolution of
these elements and substances in the mineral water.
Taken together, mineral water samples from Feilong Spring, Qinglong Spring, and Quanyang
Spring improved the anti-oxidative capacity of mice
to a certain extent.

5><=0;<=;>.=>;0.3,;,.=0;4<=4.<0?,5>,=487
Recent studies have indicated that cluster structure
characteristics of drinking water is associated with
health benefits. Because there is no tool to directly
measure the cluster structure characteristics, the
relative size of the water cluster is measured by the
half width of 17O magnetic resonance (17O-NMR).
For high-quality natural drinking water, the half
width of 17O-NMR is generally 70-90 Hz. This indicator proves eligible for assessing the cluster
structure of healthy drinking water [1]. An
ARX-400 (400MHz) NMR spectrometer was used
in this study, and the resonance frequency of 17O
was 54.243MHz. A comparison with some foreign
brands of bottled mineral water is shown in Table 4.
The half widths of 17O-NMR varied between 70 and
90 Hz for all eight mineral water samples, which
conformed to the standards for high-quality natural
drinking water. 
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requisite to slash greenhouse gas emissions. Open
field burning of agricultural residues is common
practice to eliminate waste after harvest across
many countries which causes global warming
through higher NOx concentration and greenhouse
gases emission. The detailed emission of different
gaseous pollutants with characteristics and environmental impact from direct burning of this valuable waste have been reported [1–4]. In addition,
various studies have indicated that agricultural residue possesses promising potential of alternative
energy generation owing to its carbon neutral nature,
low cost and abundant availability which prompted
scientists’ focus to shift towards generation of clean
energy to meet growing energy demands vis-à-vis
preservation of the environment [5, 6].
Among all renewable/alternative energy resources, biomass-derived-oil reported as a potential
source of green and clean energy which may contribute towards a net reduction in greenhouse gas
emission as it releases insignificant amounts of SO2
and NOx. Comparing all renewable energy technologies, biomass conversion to attain energy has the
significant weight of 0.315 due to low prices, abundant availability, low power generation cost and
extensive employment opportunities [7]. All these
factors are of vital importance for energy-starved
developing countries.
Pakistan is ranked as sixth largest country in
terms of population. The country now faces acute
shortage of energy with 8-10 hours power outages
in urban areas while the condition in rural areas is
even worse [8–10]. Pakistan is known as Asia’s
third largest producer of wheat, fourth largest producer of cotton and fifth largest producer of sugarcane [11]. These crops provide rich biomass which
is unfortunately directly burnt to air for clearance of
fields for next plantation. This burning causes significant source of dioxins [12, 13] whereas this valuable source can be utilized for production of energy, electricity and biofuel. Iqbal et al. investigated
the energy potential of total crop residues available
per year and found significant energy potential of
these major crop residues. Sugarcane, cotton, and

Among various environmental concerns, a
common one in agricultural countries is open air
burning of crop residues to eliminate left-over after
harvest. It causes serious health and environmental
problems by causing higher NOx concentration and
greenhouse gases emission. On the other hand, conversion of biomass owns promising potential for
clean energy because it provides a carbon neutral
resource of energy which is highly and diversely
adaptable. Biomass energy can help energy-starved
countries curb energy crisis without adding to their
carbon emissions. In this study, Pyrolysis-gas
chromatography/mass spectrometry (Py-GC/MS)
was applied to identify the product distribution of
Pakistani agricultural residues (cotton stalk and
bagasse) under 400-650oC pyrolysis temperature.
The decomposition of cotton stalk and bagasse
started at low temperature while the maximum desired pyrolytic products favorable to produce biooil and other valuable chemicals were achieved at
500oC. Based on the results, the effect of pyrolysis
temperature on pyrolytic product distribution, generation of important products and the possible pyrolytic pathway were discussed to achieve valuable
chemicals and bio-oil. The study showed encouraging results indicating utility of biomass to produce
chemicals and bio-oil not only to curtail energy
crisis and increase the share of renewables but also
diminish the practice of open-air burning of this
valuable waste to save the environment.


+*"%&
Agricultural Residue, Valuable Chemicals, Bio-oil, Clean
Energy, Analytical Fast Pyrolysis, Py-GC/MS
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Climate change challenge has attracted the attention of policymakers worldwide towards sustainable, renewable, and clean energy which is a pre-
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wheat crops’ residues have energy potential of
245499, 741075, 497966 TJ/year respectively
through different biomass conversion technologies
which can fulfill energy requirements of the country
and increase share of renewables in national energy
mix [8].
Wheat stalk and straw is commonly used as a
feed for livestock in Pakistan while cotton stalk,
sugarcane trash and bagasse are burnt in open field
or used for domestic combustion which is unhealthy
to the environment. This crop resdiue can actullay
be utilized in highly efficient way by converting
this waste to energy. In the recent decade,
conversion of biomass into biofuel has seen
enormoug promotion. Two basic methods i.e.
biological and thermochemical have got much
attention. Pyrolysis is thermochemical conversion
method [14–16].
Fast pyrolysis is a well-known technique in
which thermal decomposition of feedstock happened in absence of oxygen contents to produce a
liquid product (bio-oil) [17, 18]. Bio-oil has
different properties compared to petroleum products
due to its complexity, water content, large
molecular oligomers, a mixture of organic
compounds like Linear aldehydes, acids and so on
[18, 19]. These flaws can be omitted by introducing
catalyst, hydrogenation, decarboxylation, decarboxylation, hydrotreating etc.
Around the globe, many studies have been
done for investigation of biomass resources, conversion technologies, production of bio-oil and
valuable chemicals, economic feasibility, up
gradation of bio-oil through hydrotreating, emulsification, deoxygenation, catalytic cracking and so
on. In Pakistan, there has been conducted no noticeable study on fast pyrolysis for production of
high-grade bio-oil and valuable chemicals [11].
In this study, Py-GC/MS was applied to reveal
the product distribution of agricultural residue under different pyrolysis temperature. The objective
of the study was to investigate the decomposition of
feedstock, pyrolysis mechanism, primary and secondary cracking, pyrolytic pathways to produce
organic volatile matter for future studies. To the
best of the author’s knowledge, this is the first
study to a detailed investigation of Pakistani agricultural residue under analytical fast pyrolysis to
investigate the volatile matter using state of the art
Py-GC/MS technique at different pyrolysis temperatures. The study further aims to finding out impact
on environmental conservation by utilizing abundantly available biomass instead of directly burning
to air which causes the increase of greenhouse gases (GHGS), global warming and climate change.

The agricultural biomass was collected from
Dera Ghazi Khan, South Punjab, Pakistan. Prior to
the experiments, collected feedstock was crushed,
milled, sieved to attain 0.2-0.3 mm particle size.
The samples were dried at 110oC in an oven for
four hours and kept in a vacuum desiccator for trials.
The heating valve and elemental composition of
these materials on the air-dry basis are given in
table 1. Analytical fast pyrolysis of selected material was performed using state of the art pyrolysis-gas
chromatography/mass spectrometry (Py-GC/MS)
technology. Prior to the analytical pyrolysis, each
sample was weighed carefully to ensure 0.20 mg of
sample quantity using analytical balance with
readability of 0.01mg. The experiments were performed with CDS Pyroprobe 5250 Chemical Data
System Pyrolyser. The sample tube was filled with
quartz wool from both sides to avoid particle dropping. The same procedure was carried out three
times at the set temperature of 400, 450, 500, 550,
600 and 650oC for 20s-time range at heating rate of
20oC/ms for all biomass samples to confirm the
reproducibility of pyrolysis vapors. The detailed
procedure of chromatographic separation, injector
temperature, type of carrier gas, gas flow rate,
GC/MS interface and identification of chromatographic peaks using NIST and Wiley Library were
followed just like our previous studies [11,18, 20].
GC/MS technique is capable to classify all
detected compounds but not able to provide
complete quantitative analysis of pyrolytic products
due to the complexity of some pyrolytic products
and non-availability of their standards [21–23]. The
chromatographic peak area and peak area% of
pyrolytic products were calculated which reflected
its quantity and content, respectively. The average
and standard deviation values of each product were
calculated and used for discussion.
' 
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Sample
Name
Bagasse
Cotton
Stalk

43.19

6.37

0.30

0.13

High Calorific Value
(MJ/kg)
17.05

46.40

6.27

0.32

0.09

18.27

C%

H%

N%

S%
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South Punjab is agricultural hub of Punjab
Province in Pakistan. Livelihood of its inhabitants
is directly or indirectly dependends on agriculture
and livestock. To date, wheat stalk and wheat straw
is commonly used as a feed for livestock in this
region while cotton stalk and bagasse are available
for further studies.
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over hundred chromatographic peaks shown on
typical ion chromatograms when pyrolysis temperature increased from 400oC to above. Wiley and
NIST libraries were used to identify these peaks.
The identified pyrolytic products were similar to the
composition of bio-oil [24–26]. The pyrolytic product composition and distribution under various pyrolysis temperature ranging 400-650oC for biomass
feedstock were discussed below. Fig. 2 shows the
total peak area of agricultural residues at different
temperatures which confirms that devolatilization
of agricultural biomass occurs at high temperature.
Fig. 2 shows the quantity of total pyrolytic products
from bagasse and cotton stalk pyrolysis first increased with increase of temperature and showed
maximum value at 500oC.

According to the previous study in our lab [18]
during the analytical experiments, when the set
temperature is below 300oC, no pyrolytic product
was detected by GC/MS which indicates that biomass was not decomposed to form volatile organic
compounds below 300oC. So, the author adopted to
conduct experiments by setting temperature from
400oC and end at 650oC from the conclusion of
previous research conducted in the laboratory
which elaborated that at higher temperature, volatile
organic products decreased due to enhanced reactions towards permanent gases [18].
The ion chromatographs from the fast pyrolysis of cotton stalk and bagasse at 500oC temperature
for 20s were shown in fig.1. It was observed that
numerous pyrolytic products were measurable with
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Temp

Material

Phenolics

Furans

Cyclopentanones

Linear
ketones

Anhydrosugars

Linear
aldehydes

400 oC

Bagasse
Cotton
Stalk
Bagasse
Cotton
Stalk
Bagasse
Cotton
Stalk
Bagasse
Cotton
Stalk
Bagasse
Cotton
Stalk
Bagasse
Cotton
Stalk

31.06

22.28

5.77

3.21

7.40

9.83

33.22

16.04

10.73

5.67

2.20

10.14

10.52

6.01

31.92

23.66

6.23

3.39

5.20

9.64

4.50

3.50

31.29

15.86

10.03

5.95

2.07

11.94

10.98

6.40

450 oC

500 oC

550 oC

600 oC

650 oC

Others
4.02

33.05

24.40

6.58

3.53

3.30

9.79

5.03

3.52

30.66

15.60

9.47

6.42

2.07

12.66

11.12

6.72

32.85

24.23

6.72

4.20

3.53

9.73

5.14

3.69

29.26

15.05

9.19

6.40

1.99

13.43

11.14

8.06

31.55

23.03

6.20

4.05

4.46

9.80

5.09

4.10

26.49

15.33

9.41

6.90

1.68

13.81

11.46

8.58

31.15

21.56

6.27

4.00

4.58

10.75

5.03

4.33

25.03

15.30

9.48

7.35

1.60

14.41

11.64

8.78
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linear aldehydes might not have influenced very
much at higher temperature. For better understanding, some important pyrolytic compounds from
lignin and holocellulose fractions of these biomass
materials will be discussed in following sections.

The lignocellulose biomass primarily consists
of cellulose, hemicellulose, and lignin. In analytical
fast pyrolysis, depolymerization of cellulose and
hemicellulose components take place together and
discussed as holocellulose derived components
while lignin derived components have been discussed separately. Fast pyrolysis of biomass reactions under Py-GC/MS produces several compounds which are classified into major eight groups
phenolics, anhydrosugars, furans, cyclopentanones,
linear aldehyde, ketones, acids and other (esters,
hydrocarbons and so on). The relative peak area%
of these major groups obtained from analytical fast
pyrolysis of the feedstock are shown in table 2. It
can be noted that total peak area% of these products
was not exactly equal due to some anonymous
peaks in the chromatograph which cannot be identified due to unavailability of their standard compounds [11,23]. In this study, the effect of pyrolysis
temperature on pyrolytic products distribution was
considered for investigation the potential of pyrolytic compounds, pyrolytic pathway and high-value
chemicals from agricultural residues under PyGC/MS. Table 2 shows the composition and contents of pyrolytic products of feedstock at different
temperatures which indicate that both of these possess potential to produce bio-oil for energy utilization and extraction of valuable chemicals for
industrial applications. Table 2 shows significant
influence of pyrolysis temperature on pyrolytic
products. Overall linear ketones have a maximum
yield at a higher temperature and we found that
anhydrosugars and linear acids have maximum values at a medium temperature. The results were
found consonant to our previous study [18]. The
contents of furans, cyclopentanones, phenolics and

!!%)#%"('&
Lignocellulose biomass consists of holocellulose and lignin. The decomposition of lignin under
fast pyrolysis would produce monomeric phenolics
and nonvolatile oligomer in pyrolysis oil [21]. During the analytical fast pyrolysis of biomass, more
than twenty kinds of monomeric phenolics compounds were identified and their total peak area%
values were shown in table 2. To know the effect of
pyrolysis temperature on the distribution of phenolics products for both types of biomass, the dominant phenolic compounds were discussed in fig. 3.
During the lignin pyrolysis alkylation and demethylation, reactions takes place simultaneously which
develop phenolics and oligomers. Table 2 shows
that the overall contents of phenolics was less varied by pyrolysis temperature. During the bagasse
pyrolysis process the peak area% of total phenolics
first increased and then decreased gradually at
higher temperature with achieving maximum contents at 500oC. Among several phenolics such as 4vinylphenol, 2-methoxy-4-vinylphenol and 2,6dimethoxy phenol were dominant. It is to be noted
that during bagasse pyrolysis the content of 4vinylphenol was observed significantly high achieving 20% among all volatile compounds. 4-vinyl
phenol is an important monomer for the production
of PVPh (poly 4-vinyl phenol) material which is
widely used in organic thin-film transistors (TFTs)
[27]. Towards low production cost and abundant
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which depolymerization and fragmentation (ring
scission) are very important. The depolymerization
of holocellulose would produce several furans, and
anhydrosugars while ring scission produces linear
aldehydes and ketones.
Furans compound having low oxygen content
are helpful to improve fuel properties in pyrolysis
oil. These are mainly derived from dehydration and
ring scission of cellulose fractions during fats pyrolysis. Lu et al. stated that up to a certain degree it
could be generated from secondary cracking of anhydrosugars [23].
Bagasse pyrolysis produces several furan
compounds among the hydroxymethylfurfural
(HMF),
Furfural
(FF)
and
(s)-(+)-3hydrotetrahydrofuran were dominant. Table 2
shows the contents of the furan compounds were
highest after phenolics. Pyrolysis temperature influences furan contents by obtaining maximum yield
at 500oC. HMF is very important chemical and is
regarded superior to ethanol due to its solubility in
volatile compounds. FF is an excellent extraction
agent as well as an ancestor for the various furanbased chemicals for the sustainable production of
fuels and chemicals for industry [37,38]. Lu et al.
reported that “Most of the FF should be produced
concurrently with the HMF, not from the secondary
cracking of HMF” [11,18]. These compounds can
be used in many applications such as packaging,
textile, cosmetics, food additives industries. The
effect of pyrolysis temperature on these products
can be observed from fig. 4(a). Lately, scientists
reported numerous techniques to extract these valuable chemicals from the biomass for commercial
applications. The contents of light furans can be
increased which eventually upgrade fuel properties
of pyrolysis oil [39–41].
Cotton stalk pyrolysis produces several furan
compounds among them (s)-(+)-3-hydrotetrahydrofuran, Furfural (FF) and 2(5h)-furan were dominant. Table 2 shows that pyrolysis temperature did
not affect the contents of total furan. (s)-(+)-3hydroxytetrahydrofuran reported useful compound 

availability, bagasse pyrolysis to obtained selectively 4-vinyl phenol present promising possibility.
Some scientists reported quantitative information
about composition of 4-vinyl phenol with bio-oil,
production of 4-vinyl phenol on pyrolysis, 4-vinyl
phenol with high selectivity and extracted it from
pyrolysis oil [28–31].
Cotton stalk pyrolysis also produced several
phenolics. Among them, 2-methoxy-4-vinylphenol,
2,6-dimethoxy phenol and 2-methoxy phenol were
dominant. The maximum content of total phenolics
was obtained at 400oC. The influence of pyrolysis
temperature on product distribution of lignin
derived compounds was significant. Maximum total
peak area of volatile compounds was obtained at
500oC and its quantity reduces with increase of
temperature. It might be due to the coke deposition,
tar formation, and secondary cracking to produce
large oligomer at higher temperature. Fig. 3 also
shows the effect of pyrolysis temperature on major
phenolics compounds under cotton stalk pyrolysis.
These phenolics are further classified into several
groups related to their use e.g. phenolic resins and
fuel additives. The phenolic contents are helpful to
increase the heating value and thermal stability of
bio-oil [20]. Generally, pyrolysis oil is considered a
low-grade oil with poor fuel properties (low heating
value, high oxygen content, high viscosity, acidity,
poor thermal stability and so on.) [19]. In recent
past, several techniques have been developed to
upgrade pyrolysis oil like emulsification, selective
pyrolysis, catalytic cracking, hydrotreating, deoxygenation, decarbonylating, and decarboxylation
activities which establish promising scope of biomass fast pyrolysis to generate high quality bio-oil
[32–36].
""("&%)#%"('&

Holocellulose is the major segment of lignocellulose biomass which is the combination of cellulose and hemicelluloses. Fast pyrolysis of holocellulose includes several simultaneous reactions in
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perature [43]. HAA reported as the simplest aldehyde which can be used as active ingredient in
cosmetic industry, artificial skin tanning, gels and
meat-browning agent in food flavoring industry [44,
45].
Among linear ketones the HA was the most
abundant product in bagasse and cotton pyrolysis
process. Linear ketones considered potential chemical to upgrade the fuel values of crude bio-oil due
to having low oxygen content than anhydrosugars
[20]. The pyrolysis temperature significantly
influences the contents of linear ketones. Table 2
shows the total peak area% value of linear ketones
in both pyrolysis process increased with increase of
pyrolysis temperature and got maximum at 650oC.
The effect of pyrolysis temperature on HA can be
seen from fig 4(b) in both pyrolysis process.
Linear acids mainly formed from deacetylation of hemicellulose fraction in both biomass feedstock. Linear acids are considered undesirable
product in bio-oil due to the source of low pH. Acetic Acid (AA) and Acetoxyacetic acid were formed
during pyrolysis of bagasse and cotton stalk. Pyrolysis temperature does not influence the concentration of linear acids. The contents of linear acids in
cotton pyrolysis is more than bagasse pyrolysis.
The total peak area% of linear acids was found
11.6% at 650oC among all pyrolytic products in

for building blocks for HIV protease inhibitors
which is totally synthetic drug for HIV treatment
[11, 42]. It can be further extracted by selective fast
pyrolysis.
The contents of anhydrosugars, linear aldehydes and acids considered undesired compounds
in pyrolysis oil due to many reasons. The contents
of anhydrosugars was observed low as compared to
other lignocellulose fast pyrolysis. Anhydrosugars
and linear aldehyde compounds contain high oxygen content which causes low heating value, low
calorific value, lower combustion rate and ignition
delay while acids reduce the pH of pyrolysis oil
which is the source of corrosion in engine cylinders
[19,20]. On the other side, these compounds are
also very important to produce valuable chemical in
other application in industry.
Hydroxy acetaldehyde (HAA) was the most
abundant single organic compound produced from
pyrolytic ring scission of holocellulose fraction in
bagasse and cotton stalk pyrolysis. Fig 4(b) shows
the influence of pyrolysis temperature on the content of HAA. The total peak area% of HAA increase with the increase of pyrolysis temperature in
both pyrolysis process. Zhu et al., reported that
HAA could be formed due to the secondary cracking of anhydrosugars that might be the reason of
maximum yield of HAA was noticed at high tem-
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cating the utility of biomass to produce chemicals
and bio-oil, curtailing field burning of crop residues
and preserving environment. Furthermore, pretreatment of biomass, selection of proper catalyst,
catalyst to biomass ratio, pyrolysis process and
temperature would increase the production of highgrade bio-oil which may be utilized to cater energy
crisis in the country which is causing an annual loss
of 4-7% to the GDP.

cotton stalk, while in bagasse pyrolysis its contents
was observed at 5%. The effect of pyrolysis temperature on the contents of linear acids can be found
in fig. 4(b)(c). AA consider less value chemical as
compared to others. However, it can be produced
abundantly from different techniques and catalyst
reported in somewhere else [46].
Cyclopentanones compounds categorized as
stable compounds due to low oxygen content and
favorable for improving the heating value and other
properties of bio-oil. Biomass feedstock (cotton
stalk and bagasse) pyrolysis produced several cyclopentanones among them 2-hydroxy-3-methyl-2cyclopentenone
and
3-methyl-1,2cyclopentanedione were dominant. Table 2 shows
the effect of pyrolysis temperature on contents of
cyclopentanones in both pyrolysis. It reduces with
increasing pyrolysis temperature and show maximum yield at 400oC in cotton pyrolysis. The effect
of pyrolysis temperature on dominant cyclopentanone products were shown in fig. 4(c). 2-hydroxy1,2-cyclopenten first reduce with increase of pyrolysis temperature till 450oC and then remains almost
constant at higher temperature in bagasse pyrolysis
while the yield of 3-methyl-1,2-cyclopentanedione
not varied with change of pyrolysis temperature.
Furthermore, there were several other compounds which formed during the analytical fast
pyrolysis process in which hydrocarbons, linear
esters, alcohols, and so on. The contents of these
light aromatic hydrocarbons were low and not to
consider for discussion. Although these aromatic
hydrocarbons such as benzene, toluene, ethylbenzene and so on are very important to upgrade the
fuel properties of bio-oil. The yield of these compounds can be increased by deoxygenation by using
a proper catalyst. For example, Lisa et al. reported
that modified zeolite catalyst has promising capability to convert high oxygenated pyrolysis oil to
specific bio-oil rich in aromatic hydrocarbons [47].
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cause decrease of growth and yield, one of the
most harmful of biotic stresses is the infestation
with parasitic flowering plant (dodder). In worldwide flowering plants contain about 4500 parasitic
plant species belongs to many families, the most
important genera in agriculture are  and
!#" spp. [2]. One of the most worldwide,
common spread and damaging of holoprastic
plants is #!#" spp (dodder), it belongs to convolvulaceae family and contains 170-200 species
[3]. Most species of the genus Cascuta have no
chlorophyll [4], nevertheless, a few species have
chlorophyll [5]. #!#" spp parasitizes many species of dicotyledons plants causing harmful effects
on plant structure, for example number of leaves,
branches, flowers and biomass yield of  
& [6] as well as anatomical structure of host
stem [7]. After the germination, dodder seed gave
the seedling, the prehaustorium performance and
connect with the host surface, then the disc-like
meristem appears, the epidermal cells divide and
form elongated cells (searching hyphae). The haustorium penetrates the host tissue and develops
from the mid-cortex of dodder stem [8]. The penetration occur with enzymatic digestion and still
growing inside host tissues, then the epidermal
cells of haustorium differentiates into xylic or
phloic conductive hyphae and contact with the
host vascular tissues [9]. Cuscuta (dodder) depend
on the hosts to get the nutrients and necessary elements by a specialized organ called haustorium to
complete their life [10]. The most well-known
Cuscuta species worldwide is #!#" !" !
(field dodder) especially in South America, Europe, Asia, Africa and Australia [11]. The infestation with dodder led to harmful impact on the
plant structure and functions, consequently,
growth and yield production of the host plant [12].
Weed control and management strategy is usually
achieved through the integration of mechanical,
agricultural, chemical and biological methods.
One of the biological methods is allelopathy [13],
allelopathic principles can be used as an alterna-

The effects of allelopathy and glyphosate on
anatomical characters of Egyptian clover ( 
# % # L.) infested with dodder plants
were studied. The anatomical structure of infested
clover stem was negatively affected, diameter of
clover stem, number of vascular bundles and thickness of xylem and phloem tissue were decreased. In
particular, glyphosate treatment at 168cm3 hectare-1
and aqueous extract of sunflower at 10% improves
stem diameter (µ) and number of vascular bundles
as well as thickness of xylem and phloem tissue of
infested clover stems. Moreover, dodder stem diameter and number of haustorium plant-1 were decreased as a response to the application of various
plants extracts and glyphosate herbicide. Besides,
the results showed that glyphosate at 240cm3 hectare-1 combined with aqueous extract of pigweed
at 5%, glyphosate at 168cm3 hectare -1 combined
with rice aqueous extract at 10% and glyphoset at
360cm3 hectare-1 gave the best control for dodder
plants


&% !
Egyptian clover, dodder, allelopathy, plant extract,
anatomy, glyphosate.

" #"
Egyptian clover ( # % # L.)
is one of the most essential plants mainly in Egypt
and is called king of forage plants. It is an annual
plant belongs to Fabaceae family and plays the
main role in animal feeding and soil fertility improvement as well as cropping system and sustainability. The pivotal effects of clover in Egyptian
agriculture due to its role in atmospheric nitrogen
fixation and enhancement soil fertility [1]. Leguminous plants, particularly Egyptian clover is exposed to many biotic and abiotic stresses which
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of such diverse plant compounds such as phytoalexins, plastoquinone, alkaloide, cinnamate and
flavonoids [24]. In Egypt, glyphosate is still the
only available herbicide in control dodder weed in
different host plant species. No many anatomical
studies have been conducted on allelopathic role
of infested clover with dodder. So, the present
investigation was conducted to study the allelopathy potential alone and/or combined with glyphosate herbicide on anatomical features of Egyptian
clover plants infested with dodder plant as well as
reduce the herbicide application to protect the
agro-ecosystem.


" !"!

1'39 2'9+7/'18 '3* +=5+7/2+39'1 *+8/-3
The present work was carried out in El- Gimeza
Research Station; El- Garbia governorate, Weed
Research Central Laboratory, Agricultural Research Center, Giza, Egypt during 2016/2017 season. The anatomical studies were carried out at
(EPCRS) Excellence Center and Plant Pathology
and Biotechnology Lab. (certified according to ISO
17025, ISO 9001, ISO 14001 and OHSAS 18001)
Department of Agricultural Botany, Faculty of Agriculture, Kafrelsheikh University, Egypt. A comprehensive set of pot experiments were conducted
to study the allelopathic impacts of three extracts
of each four plant species as allelopathic donors
being rice ( &' !"$ L.) and sunflower (
"#!#! L.) as two plants and common cocklebur ("# " # # L.) and pigweed
( "#! " %#! L.) as two annual weeds
and glyphosate herbicide (Round up 48% Sc) at
three rates against field dodder (#!#" 
!" ! L.) as holo-stem parasitic weed on clover
plant ( # % # L.) act as allelopathic receptor.

7+5'7'9/43 4, '6:+4:8 +=97')98 '3* 97+'9
2+398The plant materials of rice, sunflower, cocklebur and pigweed were harvested at yield stage,
dried for two weeks in shade and stored at room
temperature. The dried plants were grinded into fine
powder and sieved. About 2.5, 5.0 and 10.0g of
dried powders were extracted with 100ml of distilled water for 24 hours on a shaked. The mixture
were filtered through muslin cloth and finally
through a filter paper (Whatman No.1) to obtain
three concentrations of extracts (2.5%, 5% and
10%) for each plant species. 20 seeds of clover and
0.01g of dodder seeds were sown pot-1 30cm diameter performed under greenhouse condition and
after dodder hypha attachment clover stems, pots
sprayed with different treatments on infested clover stems with dodder plant were as the following:
A. Glyphosate at 96cm3 hectare-1 and extract
of sunflower at 10% (w/v).

tive method of weed control based on natural
products [14]. Hence; allelopathy together with
competitive crops is a promising environmentfriendly tool for weed management. Application of
allelopathic plants in agriculture could reduce the
pesticide use and environmental pollution, also,
decrease costs in agricultural production, consequently increase soil productivity and protect biodiversity [15]. Allelopathic chemicals can be present in any organ of the plant and in the surrounding soil, there are hundreds of secondary metabolites in the plant kingdom and some are known to
be phototoxic. These compounds have several
mode of action; from effects on DNA (alkaloids),
photosynthetic function (quinones) and ion uptake
and water balance (phenolics) [16]. Sunflower has
highly allelopathic activity for weeds control, it
has inhibitory effect on several weeds and plants
under laboratory, greenhouse and field conditions.
In general sunflower root exudates are less effective than leaf and stem [17]. "#!" # #
L. and " "! #  L. have allelopathic
activity [3], these plants exude allelopathic substance called potassium carboxyatractyloside
which exhibit plant growth regulating properties,
it significantly decreased and inhibited wheat coleoptiles growth and tobacco seedling. Additionally, aqueous extracts of "# !" # # L.
leaves, stems, roots, inflorescences and fruits significantly inhibited radical growth of "#!"
$  !! !" ! and  ' [18]. Furthermore, the aqueous extracts of "# 
" and  !" # # leaves significantly
inhibited seed germination and root growth of Lucerne ( !"$ cv Vernal) [19]. The allelopathic effect of "# !" # # leaf extracts at concentrations (0, 5, 10, 15, 20 and 25%
leaf extract) on  "# &!"  #! under
laboratory conditions resulted in inhibition of seed
germination and reduction in the root and shoot
length [20]. Application of Pigweed extracts led to
decrease seed germination, seedling dry weight,
growth and development of soybean and corn
growth [21]. The most active compounds in rice
hull extracts were p-hydroxybenzoic and pcoumaric acids which have inhibitory effect on the
growth of barnyard grass plants [22]. There are
many phytotoxins extracted and identified as
growth inhibitors and plays important role in rice
allelopathy such as cytokinins, diterpenoids, fatty
acids, flavones, glucopyranosides, indoles, oryzalexins and phenols [23]. Glyphosate is one of the
most common herbicide in weeds control, the active ingredient (N-phosphonomethyle-glycine) is
derivative of glycine. Glyphosate rapidly moves to
apical areas of the plant interferes the synthesis of
phenylalanine, tyrosine and tryptophan by inhibition of the enzyme 5-enolpyruvyl-shikmate-3phosphate synthase in the shikimic acid pathway.
This pathway is also responsible for biosynthesis
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3'942/)'1 89:*/+8 Clover stem samples
(1cm length) were taken at the age of 45 days from
the sub apical part of moderate stem tip during the
second season 2016/2017. The samples were fixed
for 48 hours in FAA (10 ml formalin, 5 ml glacial
acid, 50 ml ethyl alcohol absolute and 35 ml distilled water), washed twice in 50% ethyl alcohol
and dehydrated in a normal butyl alcohol series,
after that the specimens were impeded in paraffin
wax (56-58°C). Transverse sections (12-15microns)
thick were done with rotary microtome model 820,
the sections were fixed on the slides with albumin,
plunged in series of descending dilutions of ethyl
alcohol from absolute to 5%. Slides were stained
for 10 minutes in a jar containing 1% Safranin and
the excess stain was washed and mounted in Canada balsam [25]. Slides were examined and photomicrographed.

B. Glyphosate at 168cm3 hectare-1 and extract
of sunflower at 10% (w/v).
C. Glyphosate at 240cm3 hectare-1 and extract
of sunflower at 5% (w/v).
D. Glyphosate at 96cm3 hectare-1 and extract
of cocklebur at 10% (w/v).
E. Glyphosate at 168cm3 hectare-1 and extract
of cocklebur at 10% (w/v).
F. Glyphosate at 240cm3 hectare-1 and extract
of cocklebur at 5% (w/v).
G. Glyphosate at 96cm3 hectare-1 and extract
of pigweed at 10% (w/v).
H. Glyphosate at 168cm3 hectare-1 and extract
of pigweed at 10% (w/v).
I. Glyphosate at 240cm3 hectare-1 and extract
of pigweed at 5% (w/v).
J. Glyphosate at 96cm3 hectare-1 and extract of
rice at 10% (w/v).
K. Glyphosate at 168cm3 hectare-1 and extract
of rice at 10% (w/v).
L. Glyphosate at 240cm3 hectare-1 and extract
of rice at 5% (w/v).
M. Glyphosate at 96cm3 hectare-1.
N. Glyphosate at 182cm3 hectare-1.
O. Glyphosate at 240cm3 hectare-1.
P. Glyphosate at 360cm3 hectare-1.
Q. Untreated infested clover stem with dodder.
R. Untreated uninfested clover stem (control).

!#"!!#!!
The anatomical structures of infested clover
stems with dodder were summarized in Table (1)
and in transverse sections demonstrated in Figures
(1-3). The stem characters of clover as a dicot stem
consists of the epidermis layer, cortex (chlorenchyma tissue), vascular cylinder and pith (parenchyma cells).
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3'942/)'1).'7')9+784,->59/'3)14;+7 ! 51'398/3,+89+*</9.*4**+7
51'39  *:7/3-
 8+'843

3'942/)'1).'7')9+784,/3,+89+*)14;+789+2</9.*4**+7
"7+'92+398


14;+789+2
*/'2+9+7?

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R

2036.50
2160.24
1843.12
1971.05
1964.98
2019.30
2174.90
2008.45
1968.53
1892.57
1972.51
2185.11
1926.41
1992.02
1784.56
1946.55
1615.70
2194.17

:2(+7
4,;'8):1'7
(:3*1+8
9.50
12
10
9.5
12
10
12
10
9.5
10
12
10
12
10
10
12
10
14

"./)03+88
4,=>1+2
?
143.69
151.94
126.95
127.72
138.44
191.36
181.03
216.69
157.78
146.59
129.05
117.34
246.40
186.70
115.79
197.3
112.3
208.60
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"./)03+88
4,5.14+2
?
94.42
99.18
97.19
68.15
82.08
113.41
104.76
132.58
108.88
91.75
86.96
84.57
109.20
129.14
72.80
123.8
67.80
127.04

4**+789+2
:2(+74,
*/'2+9+7
.':8947/:2
?
279.80
4.5
261.55
4
492.21
9.5
309.64
7
411.85
6
450.56
9
567.22
11
281.98
5.5
263.18
3
562.86
9
383,02
6
433.52
9
319.09
9
231.68
5
229.97
6
215.07
4
567.24
10
0
0

$#

! %    





!"  ! 



#  
"7'38;+78+8+)9/4384,->59/'3)14;+751'398/3,+89+*</9.*4**+751'39*:7/3-




8+'843

A: Infested clover stem treated with glyphosate at 96cm3/hectare and aqueous extract of sunflower at 10%, B: Infested clover
stem treated with glyphosate at 168cm3/hectare and aqueous extract of sunflower at 10%, C: Infested clover stem treated with
glyphosate at 240cm3/hectare and aqueous extract of sunflower at 5%, D: Infested clover stem treated with glyphosate at
96cm3/hectare and aqueous extract of cocklebur at 10%, E: Infested clover stem treated with glyphosate at 168cm3/hectare
and aqueous extract of cocklebur at 10%, F: Infested clover stem treated with glyphosate at 240cm3/hectare and aqueous
extract of cocklebur at 5%. (Magnification X 100).

bur at 10% and glyphosate at 96cm3 and 168cm3
hectare-1 achieved positive effects in anatomical
structure of infested clover stem, on the other hand
these treatments led to decrease stem diameter and
number of haustorium plant-1 (Figures 1-D and 1E). This effect of glyphosate may be due to its systematic movement inside clover phloem tissue and
its role in decreasing the fresh and dry weights of
dodder plants, moreover, the anatomical characters
were decreased consequently. The effect of sunflower as allelopathic might be due to that the allelochemical identification of sunflower indicated
many phenolic compounds are existent and causes
growth inhibition of dodder plant. These results are
in agreement with the results of [26]. Allelopathic
influence of cocklebur may be due to existent of
allelochemical compounds such as carboxyattrctyloside which can affect physiological process like

The vascular cylinder consists of collateral
vascular bundles. It is evident that anatomical characters of clover stem were decreased in an infested
clover plants compared with uninfested plants (control). It is realized from results that the lowest values of clover stem diameter (µ), number of vascular
bundles and thickness of xylem and phloem tissue
(µ) were recorded in the infested untreated plants
compared with the infested treated plants and control. Application of glyphosate at 168cm3 hectare-1
and aqueous extract of sunflower at 10% (Figure
1-B) led to improve stem diameter (µ), number of
vascular bundles, thickness of xylem and phloem
tissue of infested clover plant, nevertheless, stem
diameter (µ) and number of haustorium plant-1 decreased according to this treatment comparing with
infested untreated clover plants and other treatments (Figure 1). Also, aqueous extract of cockle-
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extract at 10% (Figure 2-K). These results may be
due to the allelopathic potential of pigweed and
rice on weeds germination and growth, the detected
allelopathic potential of rice might be as a result of
several compounds mainly strigolactones, which
inhibit plant branching and reduced lateral roots in
various plants. Similar results were recorded by
[27] and [28] who reported that, aqueous extract of
rice straw caused inhibition of  &!"!  #
! algae cells up to 98%. Glyphosate treatment
as herbicide combined with aqueous extract of rice
as allelopathic can effectively control the growth
weeds more than the herbicides only. These results
are in agreement with those obtained by [22] and
[29].

photosynthesis, respiration and ion uptake [17],
consequently anatomical characters. Data presented
in Table (1) and demonstrated in Figure (2) showed
that the infestation of dodder plant led to reduce the
anatomical characters of clover stem, furthermore,
glyphosate at 96cm3, 168cm3 and 240cm3 hectare-1
as well as aqueous extract of pigweed and rice
plants at 5% and 10% enhance stem diameter (µ),
number of vascular bundles, thickness of xylem and
phloem tissue of infested clover plants, on the other
hand, dodder stem diameter (µ) and number of
haustorium plant-1 were decreased. The best treatment was glyphosate at 240cm3 hectare-1 and aqueous extract of pigweed at 5% (Figure 2-I) followed
by glyphosate at 168cm3 hectare-1 and rice aqueous

#  
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G: Infested clover stem treated with glyphosate at 96cm3/hectare and aqueous extract of pigweed at 10%, H: Infested
clover stem treated with glyphosate at 168cm3/hectare and aqueous extract of pigweed at 10%, I: Infested clover stem
treated with glyphosate at 240cm3/hectare and aqueous extract of pigweed at 5%, J: Infested clover stem treated with
glyphosate at 96cm3/hectare and aqueous extract of rice at 10%, K: Infested clover stem treated with glyphosate at
168cm3/hectare and aqueous extract of rice at 10%, L: Infested clover stem treated with glyphosate at 240cm3/hectare and
aqueous extract of rice at 5%. (Magnification X 100).
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M: Infested clover stem treated with glyphosate at 96cm3/hectare, N: Infested clover stem treated with glyphosate at
182cm3/hectare, O: Infested clover stem treated with glyphosate at 240cm3/hectare, P: Infested clover stem treated with
glyphosate at 360cm3/hectare, Q: Infested untreated clover stem, R: Control (uninfested clover stem). (Magnification X 100).

as plant yield [13]; [31]; [32]. Glyphosate at four
concentrations 96cm3, 168cm3, 240cm3 and 360cm3
hectare-1 play pivotal role in control and management of dodder plant, the best results were recorded
in infested clover stem treated with glyphoset at
360cm3 hectare-1 compared with other concentrations of glyphosate (Figure 3-P). This effect of
glyphosate may be due to its active role in inhibiting the enzyme 5-enolpyruvyl-shikimate-3phosphate synthase which reduce growth of dodder
plant [33].


#!!

Furthermore, the effect of pigweed aqueous
extract at 5% in a combination with glyphoset at
240cm3 hectare-1 led to decrease the anatomical
structure of dodder as a result of the effect of alleopathic substances, for example, aldehydes, alkaloids, saponins and flavonoids which exist in pigweed aqueous extract [30].
According to our results in Table (1) and
demonstrated in Figure (3) the infestation of dodder
plant led to decrease the anatomical characters of
clover stem such as stem diameter (µ), number of
vascular bundles, thickness of xylem and phloem
tissues compared with control plants. Similar results
were observed by [9] who reported that the reduction in stem and leaf anatomical parameters of
infested alfalfa plants with dodder were significant
compared with control plants. This reduction in
anatomical characters may be due to the injurious
effects of biotic or abiotic stresses conditions on
delayed seed germination, growth stages, chlorophyll content, cell division and elongation as well

From our results it could be concluded that,
the adverse effects of dodder plants infestation on
anatomical characters of clover stem were alleviated with allelopathy and glyphosate herbicide application. Rice, sunflower, cocklebur and pigweed
extracts application reduced the negative effects of
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yogurt, pet food, biscuits and coffee drinks [3, 4].
The most representative incident of melamine contamination in food was a melamine-contaminated
infant formula scandal that occurred in China in
2008. At that time, some dairy farmers and manufacturers illegally mixed their milk with water in
order to increase the milk volume, and melamine
was intentionally added to the diluted milk to increase the perceived protein content to meet the
specified protein content required for milk (3%),
which would be measured by relatively inexpensive
nitrogen-content- based methods such as the
Kjeldahl or Dumas method [5].
Various methods for the detection of melamine
in foods for human consumption and have been
reported in recent years, including high performance liquid chromatography (HPLC), mass spectrometry (MS), enzyme-linked immunosorbent assay (ELISA), capillary electrophoresis (CE), chemiluminescence (CL), and molecularly imprinted polymer film (MIP). For these chromatographic approaches, sample pretreatment is relatively timedemanding and labor-intensive [6].
Hence, there is a need for methodology capable of detecting and quantifying melamine in milk
products from parts per million (ppm) levels down
to very low parts per billion (ppb) levels. For this
purpose, several analytical methods which are able
to accurately determine this compound at trace levels were developed to detect and quantify melamine
and its analogues in food since its first detection in
China [7, 8]. On the other hand, it is critical point
that the selected method must be questioned in
terms of selectivity, sensitivity and purpose of use.
Generally, melamine detection in foods is performed mainly using a variety of chemical assay
methods such as Enzyme-linked immunosorbent
assay (ELISA), High-performance liquid chromatography ultraviolet/diode array detection (HPLCUV/DAD), Gas chromatography-mass spectrometry
(GC-MS), Tandem mass spectrometry (MS/MS),
GC-MS/MS, and LC-MS/MS. These measurement
methods have excellent limits of detection (LOD)
[5]. In all these, liquid chromatography is the most

An extraction and analytical method for the
determination of melamine in powdered milk using
ultrahigh performance liquid chromatography coupled to tandem mass spectrometry (UPLC/MS/MS)
has been developed. In the method, the melamine
was extracted using a perchloric acid (HClO4),
clean up sample supernatant using Oasis® MCX
cartridge (3 cc 60 mg, P/N 186000254), and the
final extract was analyzed in a single injection by
UPLC/MS/MS. Limit of quantification (LOQ) value of melamine was found to be lower than the
maximum residue limits (MRL). Matrix-matched
calibration curves were applied and correlation coefficients (R2) was greater than 0.99. The recovery
values were found to be between 70 and 100% with
relative standard deviations less than 20%. Based
on these results, the proposed method is suitable for
the routine determination of the concentration of
melamine in powdered milk.


'% !
Melamine, solid phase extraction, powdered milk,
UPLC/MS/MS

" #"
Melamine is a nitrogen-rich heterocyclic triazine used primarily in the synthesis of melamine–
formaldehyde resins for the manufacture of laminates, plastics, coatings, commercial filters, glues or
adhesives, and moulding compounds (dishware and
kitchenware) [1].
Melamine is a metabolite of cyromazine that
is formed via dealkylation reactions in both plants
and animals and might cause urolithiasis and bladder cancer and also food safety problems [2]. These
potential and economic adulterants were deliberately illegally added to a number of different types of
animal-and human- food sources to boost perceived
protein content such as milk, infant formula, frozen
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standards within the concentration range of 2.5200 µg/L and for the spiking of samples in validation studies. 

49:8;3,4:9 Mass spectrometric analysis
was carried out using an ACQUITY TQD tandem
quadrupole mass spectrometer (Waters, Manchester,
UK). The system was equipped with a quaternary
pump, a vacuum degasser and a thermostated autosampler. For the chromatographic separation of
analytes, an Acquity UPLC BEH HILIC column
(100 mm × 2.1 mm column dimensions, 1.7 µm
particle size, Waters Corporation) was employed.
Sample ionization was achieved using an electrospray ionization (ESI) source in positive ion
mode (ESI parameters: capillary voltage - 3.5 kV,
extractor voltage - 3 V, source temperature - 140 ºC,
desolvation temperature - 450 ºC, cone gas flow 200 L h−1 and desolvation gas flow - 1050 L h−1
(both gases were nitrogen). Collision-induced dissociation (CID) was performed using argon as the
collision gas at a pressure of 4×10−3 mbar in the
collision cell. Data acquisition was performed using
the computer program, MassLynx 4.0 and the
QuanLynx application manager (Waters).
A Reax 2000 model vortex mixer by Heidolph
(Schwabach, Germany) and a CP225D model analytical balance and an ED323S-CW model analytical balance, both by Sartorius, 5702 and 5430
model centrifuges by Eppendorf (Hamburg, Germany) were used for preparatory steps in the extraction procedure.

commonly used method for melamine analysis. As
a detector system, quadrupole tandem mass spectrometry (MS/MS) has been successfully employed
for melamine, in conjunction with liquid chromatography. Due to better selectivity, sensitivity and
confirmation of the target analyte, LC-MS/MS has
been more widely used than HPLC-UV [1, 9].
Besides all these, sample pretreatment is always a crucial step in deciding the LOD limits of
the overall method, especially when large numbers
of samples are involved and rapid extraction becomes even more essential [10]. Also in this context, elimination of the interferences is an essential
process to obtain selective results, especially for
complex dairy product matrices, it is necessary to
remove interferences such as protein, sugar, and fat
before LC injection. To surmount these problems, a
part of environmental analytical chemistry research
has been also been paid to develop effective sample
preparation methods prior to instrument analysis.
Solid phase extraction, application of cation exchanger resins, using surface molecular imprinted
silica gel, solid phase microextraction and derivation followed by GC-MS methods are typical techniques used for this propose [11]. For all these applications solid-phase extraction is a simple way to
clean up the complex matrix extract [12]. In accordance with this knowledge, this work details a
rapid method that combines a specific solid phase
extraction (SPE) method for melamine in powdered
milk with UPLC/MS/MS detection that can enable
detection and quantitation of melamine across a
wide range of concentrations.

>:8(*:054 85*,+;8, The extraction procedure was modified from Waters Application Note
and FDA LIB 4421 methods [13, 14]. The extraction procedure contains the following steps: (1)
weigh 1 g milk powder sample into a 14-ml disposable polypropylene centrifuge tube, (2) add 10 ml
0,2 M perchloric acid (HCIO4), (3) dissolve by ultrasonication for 10 minutes and centrifuge at 4,000
rpm, (4) transfer supernatant into polypropylene
Eppendorf tube and centrifuge at 14000 rpm (micro
centrifuge) for 10 minutes again, (5) clean up sample supernatant using Oasis® MCX cartridge (3 cc
60 mg, P/N 186000254), condition Oasis® MCX
cartridge with 3 ml NH4OH (5% v/v) in methanol, 3
ml conc. HCl (12 M) (1% v/v) in methanol, equilibrate Oasis MCX cartridges with 3 ml methanol
followed by 3 ml water, load 3 ml of sample supernatant, (5) wash cartridge with 3 ml water followed
by 3 ml methanol, (6) elute using 3 ml NH4OH (5%
v/v) in methanol, (7) evaporate to dryness under
nitrogen and reconstituted with 1 ml mobile phase
B (8) the sample extract was filtered through a 0.2µm PTFE filter into an auto-sampler vial for the
UPLC-MS/MS analysis.

/853(:5.8(6/0* 4(2?909 5- !(362,9
Chromatographic analyses were performed using an

" !"!

,(.,4:9(4+!52;:0549All solvents and reagents for use in the sample extraction protocol and
in the preparation of mobile phases were of at least
HPLC grade. Melamine (≥99,5%, Dr. Ehrenstorfer,
Germany) was used to prepare standard solutions.
Ammonium acetate (Sigma-Aldrich, USA), water
(HPLC grade, Merck, Germany) and acetonitrile
(HPLC grade, Merck, Germany) were used for the
preparation of mobile phase. Perchloric acid
(Merck, Germany), methanol (HPLC grade, Merck,
Germany), ammonium hydroxide (Merck, Germany) and OASIS MCX 6cc/500 mg SPE cartridge
(Waters, U.S.A.) were employed to the samples
treatment.
8,6(8(:054 5- !:(4+(8+ !52;:0549 Stock
standard solution of melamine was prepared by dissolving 10 mg melamine in 10 ml of 2% ammonium hydroxide. Working standards were prepared by
further dilution in mobile phase. The stock and
working standard solutions were stored at +4°C
after preparation. The working standard solutions
were used for the preparation of matrix-matched
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elution gradient with eluent A, composed of %100
of a 10 mM ammonium acetate solution, and eluent
B, composed of 95% 10 mM ammonium acetate
solution in methanol and 5% water. Gradient program was used that detailed in Table 1. The flow
rate was set to 0.6 ml/min to allow the separation of
analyte. The column temperature was maintained at
35 °C, and the injection volume of extracted sample
was 20 µl.

Melamine is a small and highly polar molecule, it is difficult to achieve sufficient retention
using traditional C18 columns. The separation condition of this analyte was investigated by using an
Acquity UPLC BEH HILIC column (100 mm × 2.1
mm column dimensions, 1.7 µm particle size) and
%100 of a 10 mM ammonium acetate solution and
95% 10 mM ammonium acetate solution in methanol-5% water as mobile phases.

6:030@(:054 5- !(362,%,0./: 5- !(362,
Sample weight effect was investigated with five
different sample weights that are 0.125, 0.250,
0.500, 1.000 and 2.000 g. As seen in Table 2 recoveries were determined for each sample weight. The
recoveries were ranged %24-83. Recovery for the
1.000 g was average % 83; thus, 1.000 g sample has
been determined as the optimum extraction weight.
Additionally, to examine the elution efficiency three
different level of elutes (3 ml, 6 ml and 9 ml
NH4OH (5% v/v) in methanol) were used for the
optimum weight. The recovery values were
checked. In the case of 3 different quantities, the
recovery values were found equal. Therefore, it was
concluded that 3 ml elution was sufficient in terms
of shortening of analysis time and ease of application.

" 
8(+0,4::()2,
"03,304
1. Initial
2. 0.80
3. 2.30
4. 2.80
5. 2.90
6. 4.00

25=8(:,32 304
0,6
0,6
0,6
0,6
0,6
0,6

 
0
100
0
100
22
78
22
78
0
100
0
100


The mass spectrometer was operated in the
positive electrospray ionization mode (ESI+). Two
MRM transitions per analyte were monitored in the
multiple reaction monitoring (MRM) mode for
melamine (127→85 for quantification; 127→68 for
confirmation).
,:/5+$(20+(:054 Validation of the considered methods was conducted according to the
Commission Decision 2002/657/EC [15]. Recoveries, repeatability and intermediate reproducibility
limits were calculated from the analysis of a powdered milk blank matrix fortified with melamine at
fortification levels covering the range from 0.0025
mg/kg-0.2000 mg/kg for UPLC-MS/MS. The linearity of the analysis was evaluated using a matrixmatched calibration procedure. Rates of recovery
were calculated for samples in the validation study.
The limit of detection (LOD) of the melamine was
considered to be 3 times the signal-to-noise ratio of
a blank sample, while the limit of quantification
(LOQ) was considered to be 10 times the signal-tonoise ratio.

" 
!(362,=,0./:,--,*:548,*5<,8?
!(362, !601,54*,4
=,0./:. :8(:054663
0.125
2
0.250
2
0.500
2
1.000
2
2.000
2

,9;2:9
663
0.475
0.861
1.024
1.668
0.785

,*5<,80,9

24
43
50
83
39

,8-583(4*, 5- :/, ,:/5+ !6,*0-0*0:?
Under the optimized conditions, chromatograms of
real clean sample as a blank and a spiked sample
were obtained. No interfering peaks were observed
at the retention times of analyte. This was indicated
that the procedure has high selectivity and specificity (Figure 1).

!#"!!#!!!

6:030@(:0545-#(4+!54+0:0549
Positive electrospray full-scan mass spectra and
MS/MS spectra of melamine were obtained from
infusion of 2 mg/L stock solution at a flow rate of
600 µl/min. The full-scan spectrum of melamine, at
a cone of 40 V, showed the 127 ion corresponding to the protonated molecule [M+H]+. The
MS/MS spectrum showed fragments at 85 (collision energy 17 eV), due to the loss of H2NCN, and
 68 (collision energy 28 eV), due to loss of
H2NCN + NH3. The selected reaction monitoring
(SRM) transitions chosen were therefore 127 > 85
and 127 > 68. 

04,(80:? (4+ ,:,*:054 030: Linearity of
relative response was evaluated by injecting seven
matrix-matched standard calibration solutions, in
the range 2.5-200 µg/L (Figure 2). A linear calibration with correlation coefficient higher than 0.99
and residuals lower than 20% was obtained. The
LVL was the lowest validated spiking level meeting
the method performance acceptability criteria (recovery in the range 70–110%; with a RSD < 20%).
LVL was 2.5 µg/kg for samples. The LOD was
determined as the sample concentration that produced a peak height 3-fold higher than the level of
the baseline noise, and the LOQ was calculated as
the sample concentration that produced a peak
height 10-fold higher than the signal-to-noise
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04,(88,.8,99054,7;(:054*588,2(:054*5,--0*0,4:8204,(80:?8(4.,8,6,(:()020:?(4+8,
685+;*0)020:?-58:/,3,2(304,
04,(80:?8(4.,
04,(88,.8,99054
8
A. 
,7;(:054
LOD and LOQ
1296.49x+3237.14 = y
0,9956
2,5-200

!601,+A. 
5;4+A. 
,*5<,8?
20 (n=12)
16.45 (average)
82.25 (average)
Repeatability
300 (n=12)
276.41 (average)
92.14 (average)
20 (n=12)
15.78 (average)
78.90 (average)
Reproducibility
300 (n=12)
264.99 (average)
88.33 (average)
LOD= limit of detection; LOQ= limit of quantification; RSD= relative standard deviation
6620*(:054



ratio. The instrument LOD was 3.29 µg/L and the
instrument LOQ was 10.95 µg/L (Table 3). The
LOQ value is magnitude smaller than the MRL.

,6,(:()020:? The precision of the method
was investigated by analyzing the melamine in a
spiked blank sample. The intra-day precision of the
method was expressed as the relative standard deviation (RSD) of 12 determinations of two concentration levels (20 and 300 µg/L) made for intra-day
accuracy, and inter-day precision of the method was
also expressed as RSD of two assays of two concentration levels (20 and 300 µg/L) for each day
within 6 days (Table 3). The intra- and inter-day
RSDs for spiked blank powdered milk matrix at
levels of 20 µg/L and 300 µg/L were less than %
20. It was shown that the repeatability and reproducibility of the method were satisfactory for residue determination of the studied analytes in powdered milk.


A. 
3,29


A. 
10,95
!
6,66
6,04
6,88
9,05

In conclusion, this work provided optimized
UPLC-MSMS conditions and melamine SPE cleanup procedures for powdered milk sample preparation. Under the optimized conditions, melamine
was selectively concentrated and matrix interferences were eliminated. The proposed method has
higher sensitivity, and are capable of effective and
sensitive determination of melamine at the mg/kg
level in powdered milk samples. Based on these
results, the proposed method is suitable for the routine determination of the concentration of melamine
in powdered milk.
%"!
This study was supported by AYBAK NATURA Food Control and Research Laboratory.
 !

[1] World Health Organisation (2009) Toxicological and Health Aspects of Melamine and Cyanuric Acid. Geneva, 1–4 December 2008.
[2] Melnick, R.L., Boorman, G.A., Haseman, J.K.,
Montali, R.J., Huff, J. (1984) Urolithiasis and
bladder carcinogenicity of melamine in rodents. Toxicol Appl Pharmacol. 72, 292-303.
[3] MacMahon, S., Begley, T.H., Diachenko,
G.W., Stromgren, S.A. (2012) A liquid chromatography tandem mass spectrometry method
for the detection of economically motivated
adulteration in protein-containing foods. J
Chromatogr A. 1220, 101-7.
[4] Yang, S., Ding, J., Zheng, J., Hu, B., Li, J.,
Chen, H., Zhou, Z., Qiao, X. (2009) Detection
of melamine in milk products by surface desorption atmospheric pressure chemical ionization mass spectrometry. Anal Chemistry. 81(7),
2426–2436.

#!

In this study, an extraction and analytical
method for the determination of melamine in powdered milk using ultrahigh performance liquid
chromatography coupled to tandem mass spectrometry (UPLC/MS/MS) has been developed. The optimization of the procedure was applied to powdered milk samples and the validation of the procedure was performed. In the method, the melamine
was extracted using a perchloric acid (HClO4),
clean up sample supernatant using Oasis® MCX
cartridge (3 cc 60 mg, P/N 186000254), and the
final extract was analyzed in a single injection by
UPLC/MS/MS. A strong linear correlation (r2 >
0.99) was observed in the concentration range of
2.5–200 µg/L by using matrix-matched calibration
curves. The high rates of recovery in the range of
70–110% with relative standard deviations less than
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tions, discharges of bilge, sludge (oily sludge), slop
(tank wash water) and ballast waters, discharges
from ships without treatment, sea accidents, transportation of chemicals and petroleum products,
washing of oil tanks, emissions from residential and
industrial fumes, exhaust gases from motor vehicles, acid rain [11, 12], direct disposal of waste into
the sea, landfilling areas along the sea shore [13,
14] are important pollutant sources for marine environment.
According to International Maritime Organization (IMO) data; the pollution sources of the world
seas are the natural sources, offshore production,
sea transportation, the atmosphere, floods and terrestrial discharges and uncontrolled discharge with
the ratio of 8%, 0.5%, 11% 30%, 40%, 10%, respectively [15].
In literature, it was emphised that plastics
which are due to the land-based sources [16, 17] are
the dominant type of macrodebris (over 95% of
recorded items) [17]. About 60-95% of marine
debris which are on beaches and seafloor and floating on the sea surface are plastics [16, 17,18]. In
Israil, 60% of the marine debris are due to landbased sources and 90% of them are plastics [19]. In
the seas of European, 91,3% of marine debris are
plastic items. The other waste components are metal, textile, glass and ceramic, wood and paper with
the ratio of 3,6%, 2,6%, 2%, 0,3% and 0,1%, respectively [20]. In Trindade Island of Brazil, smallsized plastic items are the main component and
67%, 30% and 3% of them are polyethylene, polypropylene and polyamide polymeric materials,
respectively [21]. On the seafloor of Moroccan
Seas, over 50% of collected items are made by
plastic, 94% of them are the plastic fishing gear
used to capture the Octopus vulgaris [22]. In Black
Sea coastal cities, marine debris consisted of 56%
plastic, 14% metal, 7% glass and 23% textile waste
[23]. In a study conducted by Istanbul Metropolitan
Municipality in 2017, it was stated that about 10
thousand 150 kilograms of bags were collected on
the coast of Kilyos. [24].
In order to protect the natural resources and
ecological balance it must be fought effectively
with marine debris. For this purpose;
• Reduction of solid wastes at the source,
• Reduction of marine litter and cleaning work
for the prevention of sea surface, water column, on

Marine debris is a global issue. It is proper to
know the characterization of marine debris for determining the applicable strategies. For that reason,
this study was conducted at 10 different locations of
Marmara Sea within the boundaries of Istanbul
Province, which is one of the most strategic location of our country. As a result of the study, it was
determined that, sea surface debris were composed
of 69.66% biodegradable wastes, 26.98% recyclable
wastes, 0.34% hazardous waste, 2.56% textile
waste, 0.04% diaper, 0.18% non-burning materials
and 0.23% burnin materials, while sea coast wastes
were composed of 65.36% biodegradable waste,
27.77% recyclable waste, 0.39% hazardous waste,
6.47% textile waste and 0.02% nonburning materials.


&$ !
Istanbul, Marmara Sea, Sea Coast Waste, Sea Surface
Waste, Waste Characterization, Waste Management
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Marine debris is an important problem causing
pollution of the marine environment all over the
world and can cause a global problem [1]. Marine
debris is described as any anthropogenic, manufactured or processed solid material thrown directly
into the marine environment [2, 3, 4] and also the
other materials discarded into the sea, on the shore,
or brought indirectly to the sea by rivers, sewage,
storm water, waves, or winds. Plastics, glass, nylon
bags, balloons, rubbers, metals, fibreglasses, cigarettes which are in the marine environment and
fishing gear such as line, ropes, hooks, buoys and
other materials lost on or near land are defined as
marine debris [5, 6, 7, 8]. Plastics in marine environment are the main marine debris which causes a
global issue [9, 10].
The sources of marine pollution are largely of
terrestrial origin. The industrial and domestic nontreated wastewater discharges carring the pollution
loads to the sea by the rivers and streams, coastal
tourism, wastes transported from the landfill, wastes
from agricultural activities, port and marina opera-
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our country. The study was carried out on the part
of the Marmara Sea within the borders of the province of İstanbul.

the seabed, in the coastal and beach areas related
institutions / organizations at the regional and national levels to be done with coordination,
• Training and awareness-raising activities for
strengthening the social and cultural infrastructure
needed for the reduction of marine litter at the
source
• To bring an integrated approach to the subject, creation of action plans to ensure the regular
and continuity of the work and needs to be implemented [25].
In Turkey, Article 9 (h) of the Environmental
Law No. 2872 [26] states that “Within the framework of these principles, overexploitation and misconduct; degradation of the country's fundamental
ecological equilibrium, endangering livestock and
vegetative varieties and destruction of the natural
richness integrity due to importation of all kinds of
wastes and scraps are prohibited”. Article 8 of the
Law stipulates that “It is prohibited to diffuse, directly and indirectly, all kinds of waste and scraps
into recipient environment, store, transport, avert,
and conduct similar activities by violating the
standards and methods determined by corresponding regulations, and causing damage to the environment”. In this context, it is necessary to prepare
and implement Marine Waste Action Plans which
include activities aimed at reducing and preventing
marine debris from land based, maritime, fishing
and tourism activities on the coastline, sea water
and bottom [25].
The first and most important phase of waste
management studies is to determine the characterization of waste. Therefore, the aim of this study is
to determine the marine debris characterization of
Marmara Sea, which has strategic importance for

  !!!#!"#
In Istanbul of Turkey, coastal cleaning teams
were established in 2004 in order to collect the
marine debris in the seas and shores in accordance
with Metropolitan Municipality Law (Law No.
5216) [27] and Environmental Law (Law No. 2872)
[26]. The Istanbul Metropolitan Municipality conducts the collection and disposal of marine debris
from the sea, coast and beaches of Istanbul within
the scope of Delegation of Authority Transfer specified in Circular No. 51662 dated 06/06/2011 [28].
In İstanbul, the marine, beach and coastal cleaning
operations within the scope of the mission are made
by İSTAÇ A.Ş. Sea surface and coast cleaning
activities in İstanbul are summerized in Table 1
[29].
Marine debris on the sea surface is collected
manually or with 8 boats, equipped with special
conveyor belt, in the areas where the pollution is
intense, such as Bosphorus and Haliç [29]. The
amount of marine debris collected from sea surface
and coasts of Istanbul was given Table 2 [30].
In order to intervene the pollution in the seas
early, 30 different point camera systems are installed and the cleaning operations are carried out
by directing the crews without knowing the time to
disperse the debris accumulated in these regions
[31].
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Types Cleaning Area
Coastal Edges
Rocky Walking Road
Creek Edge
Sea Surface
TOTAL

Area Number
141
80
32
61
446

Cleaned Area ( m2)
4.928.956
9.244.055

Cleaned Length (m)
71.116
64.750
16.182
234.678

"
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Years
Sea surface
marine
debris, m³
Sea coast
marine
debris, Ton
Months of
2014
Sea surface
marine
debris, m³
Sea coast
marine
debris, Ton

2011

2012

2013

2014

2015

3327

4276

4230

5592

4428

2330

2876

3482

3714

2753

01

02

03

04

05

06

07

08

09

10

11

12

Total

227

231

334

382

377

713

625

645

571

506

452

529

5592

248

316

291

264

411

436

264

281

361

336

263

243

3714
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million years ago. It is an area of frequent earthquakes [32]. The geographic location of the Sea of
Marmara is given in Figure 1 [34].
Marine debris characterization on sea surface
was carried out at 6 areas. Marine debris characterization at sea coast was carried out at 4 areas. The
areas were determined with İSTAÇ teams to represent the diversity of the Bosphorus and the population density. Sampling areas are shown in Table 3
and in Figure 2.

" 
(603,+,)6077(25103.(6,(7

Marine debris, collected from sea surface and
coasts, are disposed in sanitary landfills located in
Kemerburgaz / Odayeri (in The European side) and
Şile / Kömürcü (in The Asian side of Istanbul) [29].


% "

!(25103. (6,(7 Characterization study was
carried out in the Marmara Sea within the boundaries of Istanbul.
Marmara Sea is connected to Black Sea with
Bosporus and connected to Aegean Sea with Dardanelles. Its long from northeast to southwest is 280
km and its greatest width is about 80 km. Its area is
11,350 square km, its average depth is about 494 m
and reaching a maximum of 4,446 feet (1,355 m) in
the centre. It has no strong currents. Salinity is
greatest at the end nearest the Dardanelles while the
average value is 2.2 %. The sea was formed as a
result of crustal movements that occurred about 2.5

Sea Surface
Sampling Area
Rumelifeneri
Sarıyer - İstinye
Aşiyan - Bebek
Kurucesme Arnavutköy
Haliç
Samatya

# 
(54-(62(6(!,(

# 
!(25103.6,(7
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S1
S2
S3
S4

Sea Coast Sampling
Area
Rumelifeneri
Sarıyer - İstinye
Aşiyan - Bebek
Kurucesme –
Arnavutköy

S5
S6





C1
C2
C3
C4
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Because of the Bosphorus of the Marmara Sea
is on the route between Black Sea and Mediterranean, it has intensive sea traffic and the danger of sea
accidents and ship wastes increases day by day. In
addition, it face risks such as oil pollution, unauthorized discharging of wastewaters (bilge and
ballast waters of ships). Human population, traffic
density, industrial activities, wastewater discharges,
coastal structure, surface runoff, winds and rain are
the other factors effecting marine debris generation
and characterization. In Figure 3 and 4 shows the
map of wind direction and map of flow direction in
İstanbul, respectively [25].
It is observed that the density of marine debris
increases on the sea surface and at coasts where the
areas frequently used by the people. Streets, parking
areas on the coast, shores used by the people, etc.
are the plases where marine debris are observed
intensively on the surface of the sea. Eminönü and
Kadıköy are intensively polluted areas where the
daily circulation is very intense. Also in summer,
the amount of sea surface and coast marine debris
are increasing in beach areas that are used heavily
[30, 31].
Istanbul is very dense in terms of population
and industrial activities. Due to being surrounded



by industrial facilities, Marmara Sea is exposed to
intensive industrial pollution [34] Wastewater discharges, infiltration from the soil, the effects of rain
water, pollutents carried by the streams leads to
deterioration of sea water quality.
Marine debris can be concentrated, especially,
in the Bosphorus because of the lack of circulation
in certain regions due to the natural structure of the
coast. Continuous marine debris is formed in these
areas, such as, Tarabya and İstinye, where the surface runoff is constant and the wind is active [30,
31]. Constructions, built on the coastal areas, such
as, fishermen shelters, breakwaters, filling areas,
etc. cause increasing amount of marine debris. Increase in surface marine debris is observed on the
coasts of Istanbul due to population density, recreational uses and scaffolding activities.
According to the direction and severity of the
wind, the amount of marine debris at the coast varies. South wind and north wind cause drifing of
solid wastes into the sea. Often, the marine debris
accumulate in the scaffoldings, marinas and the
shelters built in the breakwaters by the effect of the
wind. The most obvious examples of these areas are
Yenikapi and Rumeli Feneri. The places, where the
marine debris mostly accumulated on the sea sur-

1290

$#

! %  

 





!"  ! 


face, according to the weather conditions are
Büyükdere, Tarabya, Istinye, Baltalimanı and Bebek Baies, Kuruçeşme beach, Eminönü, Sirkeci,
Balat, Eyüp, Yeşilköy, Beykoz (Tokatkoy, Paşabahçe, Çubuklu), Kuleli, Kadıköy Bay, Kurbağalıdere, Caddebostan and Tuzla Marmados [30, 31].
The current in the Bosphorus can cause marine
debris to be drained and concentrated in certain
regions. The density of marine debris is formed by
the effect of current and coastal structure in certain
regions of Ortaköy, Kuruçeşme and Kuleli coasts.

study areas and the results were shown in Table 5.
The average characterization of the sea surface
marine debris was determined by taking the arithmetic average of the seasonal characterization results in all the samples taken.
It was observed, in Kuruçeşme-Arnavutköy,
that sea surface marine debris contain 81.40% biodegradable waste, 18.10% recyclable waste and
0.50% hazardous waste in the spring season. In
summer, biodegradable waste fell by 57.40% and
the recyclable rate rised to 41.20%. While the biodegradable waste rates were 70.30% and 73.00% in
the autumn and winter seasons respectively and the
recyclable waste rates were 27.80% and 22.70% for
the same seasons, respectively. On average, annually, 70.53% biodegradable waste, 27.45% recyclable
waste, 0.12% hazardous waste and 1.90% textile
waste were measured in sea surface of KurucesmeArnavutköy area.
Sea surface marine debris in Aşiyan-Bebek
were measured as 80.10% biodegradable waste and
18.80% recyclable waste in the spring season. In
summer, these rates were measured as 61.10% and
36.40% respectively. In autumn, 86.50% biodegradable waste, 9.20% recyclable waste, 4.30%
textile waste and, in winter, 77.80% of biodegradable waste, 19.90% recyclable waste and 2.30%
textile waste were observed. When annual average
values of sea surface marine debris were examined
it was found that they consist of 76.38% biodegradable waste, 21.08% recyclable waste, 0.03%
hazardous waste, 2.28% textile waste and 0.25%
diaper.
According to samples taken from Sariyer- Istinye, it was seen that sea surface marine debris
contain 75.70% biodegradable waste and 22.50%
recyclable waste in spring, 49.60% biodegradable
waste and 42.90% recyclable waste in the summer,
78.80% biodegradable waste and 11.60% recyclable
waste in the autumn, and 60.30% biodegradable
waste and 37.90% recyclable waste in the winter.

!(25103. ,8/4+ (3+ /(6(*8,60>(8043
The study on the characterization of marine debris
was conducted representing four seasonal conditions. The ASTM D5231 (Standard Test Method for
Determination of the Composition of Unprocessed
Municipal Solid Waste) method developed by the
American Society for Testing and Materials
(ASTM) was used for determining marine debris
characterization [35]. Marine debris were collected
from the sea surface with boats and by manual
methods from coasts. During the study, marine
debris collected from different sampling locations
were stored in different nylon bags. Separation of
collected marine debris according to components
were made on a high-density polyethylene (HDPE)
cover laid on the area where the characterization
was made. Closed nylon bags were opened and the
debris in these bags were put in suitable containers.
The weighing process was achieved using an electronic scale by filling each separated component
into an empty container, and the obtained values
were recorded. Marine debris components were
grouped in 14 main components given in Table 4.
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!,( !96-(*, (603, ,)607 /(6(*8,60>(
8043Sea surface marine debris were sampled in six
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Biodegradable
Nylon bag
Paper - cardboard
Composite
Plastic
PET
Glass
Metals
Elect. Electronic waste
Hazardous wastes
Diaper
Textile
Other burnable
Other non-burning

<51(3(8043
Food leftovers, vegetables, fruits, leaves, branches, algae
Any kind of bag
All kinds of paper - corrugated cardboard
Milk box, fruit juice box
Plastic, non-pet, plastic-derived waste
Water bottle, soft drink bottle
All kinds of glass
Any kind of metal
Telephone, radio etc.
Battery, paint, detergent, medicine box, medical waste
Baby cloth, hygienic cloth
All kinds of textile materials
Shoes, carpets, bags, belts, board
Stone, dust, sand, ceramic, ash
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1.70
0.00
0.00
0.00
0.42
1.10
2.60
0.40
2.20
1.58
0.10
2.00
0.00
1.30
0.85
0.00
6.30
0.00
0.00
1.58
0.00
0.00
0.00
0.00
0.00
0.60
4.60
21.05
5.00
7.81

5.90
3.30
13.0
14.1
9.08
7.30
2.50
4.50
6.70
5.25
5.60
2.30
1.30
10.1
4.83
17.2
4.90
16.9
11.4
12.6
7.00
0.00
0.00
0.00
1.75
4.10
2.40
5.40
2.40
3.57

0.50
0.00
0.00
0.00
0.12
0.10
0.00
0.00
0.00
0.03
0.10
0.00
0.30
0.00
0.10
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.10
0.30
6.90
0.00
1.82

0.00
1.40
1.90
4.30
1.90
0.00
2.50
4.30
2.30
2.28
1.70
2.00
9.30
1.80
3.70
0.00
11.0
0.50
5.00
4.13
0.00
0.00
0.00
0.00
0.00
0.40
2.90
8.40
1.70
3.35

0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.25
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
4.30
0.00
0.00
0.00
1.07

Other burning

0.00
0.40
0.00
0.00
0.10
0.00
1.20
0.00
0.00
0.30
2.90
0.20
0.00
0.00
0.77
0.00
0.50
0.00
0.00
0.13
0.00
0.00
0.00
0.00
0.00
0.30
1.40
0.07
4.90
1.66

Other
non-burning

2.70
11.80
12.00
0.00
6.63
3.30
9.80
3.20
1.70
4.50
8.50
13.40
3.40
8.60
8.48
11.90
6.40
8.20
0.70
6.80
3.70
15.10
2.00
2.50
5.83
0.80
8.90
11.60
21.40
10.71

Diaper

Metals

3.70
21.7
2.80
8.60
9.20
4.00
20.3
1.10
6.30
7.93
0.60
25.0
6.90
14.8
11.82
9.20
19.3
0.00
9.80
9.58
7.90
1.50
1.50
1.50
3.10
2.50
9.80
14.00
12.80
9.77

Textile

Nylon bag

4.10
4.00
0.00
0.00
2.02
3.10
0.00
0.00
3.00
1.53
4.80
0.00
0.00
3.10
1.97
7.10
1.60
0.00
0.00
2.18
0.00
1.50
0.00
0.00
0.38
0.90
7.50
14.30
6.30
7.25

Hazardous
wastes

PET

81.40
57.40
70.30
73.00
70.53
80.10
61.10
86.50
77.80
76.38
75.70
49.60
78.80
60.30
66.10
54.60
50.00
74.40
73.10
63.03
81.40
81.90
96.50
96.00
88.95
86.00
62.20
18.28
45.50
52.99

Plastic

Glass

Spr.
Sum.
Aut.
Win.
Ave.
Spr.
Sum.
Aut.
Win.
Ave.
Spr.
Sum.
Aut.
Win.
Ave.
Spr.
Sum.
Aut.
Win.
Ave.
Spr.
Sum.
Aut.
Win.
Ave.
Spr.
Sum.
Aut.
Win.
Ave.

Papercardboard

Biodegradable

Haliç

Samatya

Rumeli
feneri

Sarıyerİstinye

Aşiyan-Bebek

KuruçeşmeArnavutköy

Region

Season

values of sea surface marine debris were examined
It is clear that, according to annual average
sea surface wastes consist of 76.38% biodegradable
values, Sarıyer-İstinye sea surface marine debris
waste, 21.08% recyclable waste, 0.03% hazardous
contain 66.10% biodegradable waste, 28.70% recywaste, 2.28% textile waste and 0.25% diaper.
cled waste, 0.10% hazardous waste, 3.70% textile
According to samples taken from Sariyerwaste and 1,36 % other burning materiyals.
Istinye, it was seen that sea surface marine debris
It was observed, in Kuruçeşme-Arnavutköy,
contain 75.70% biodegradable, 22.50% recyclable
that sea surface marine debris contain 81.40% biowastes in spring, 49.60% biodegradable, 42.90%
degradable waste, 18.10% recyclable waste and
recyclable wastes in the summer, 78.80% biode0.50% hazardous waste in the spring season. In
gradable, 11.60% recyclable wastes in the autumn
summer, biodegradable waste fell by 57.40% and
and 60.30% biodegradable, 37.90% recyclable
the recyclable rate rised to 41.20%. While the biowastes in the winter. It is clear that, according to
degradable waste rates were 70.30% and 73.00% in
annual average values, Sarıyer-İstinye marine surthe autumn and winter seasons respectively and the
recyclable waste rates were 27.80% and 22.70% for
face wastes contain 66.10% biodegradable waste,
the same seasons, respectively. On average, annual28.70% recycled waste, 0.10% hazardous waste,
ly, 70.53% biodegradable waste, 27.45% recyclable
3.70% textile waste and 1,36 % other burning mawaste, 0.12% hazardous waste and 1.90% textile
teriyals.
waste were measured in sea surface of KurucesmeThe rates of biodegradation in the spring,
Arnavutköy area.
summer, autumn and winter seasons of Rumeli
Sea surface marine debris in Aşiyan-Bebek
Feneri sea surface marine debris were measured as
were measured as 80.10% biodegradable waste and
54.60%, 50.00%, 74.40% and 73.10% respectively.
18.80% recyclable waste in the spring season. In
The recyclable waste rates for spring, summer,
summer, these rates were measured as 61.10% and
autumn and winter seasons are 45.40%, 39.00%,
36.40% respectively. In autum, 86.50% biode25.10% and 21.90% respectively. When the annual
gradable waste, 9.20% recyclable waste, 4.30%
average values were calculated, it was determined
textile waste and, in winter, 77.80% of biodegradathat Rumeli Feneri sea surface marine debris conble waste, 19.90% recyclable waste and 2.30%
tain 63.02% biodegradable waste, 32.85% recyclatextile waste were observed. When annual average
ble waste 4.13% textile waste.
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0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
5.50
0.00
0.00
1.38
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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1.10
5.70
0.00
2.80
2.40
3.30
3.20
0.00
1.10
1.90
0.70
10.50
4.20
0.00
3.85
0.00
0.00
6.70
1.50
2.05

4.50
7.20
11.70
6.00
7.35
20.80
8.40
7.20
2.10
9.62
1.90
14.50
1.50
0.00
4.48
0.00
0.00
6.40
7.60
3.50

0.10
0.80
0.00
0.00
0.22
0.00
0.10
0.00
0.00
0.03
0.00
5.00
0.00
0.00
1.25
0.00
0.00
0.20
0.00
0.05

0.30
5.50
1.80
16.40
6.00
2.00
2.80
5.90
0.80
2.87
0.40
28.20
0.00
0.00
7.15
0.00
0.00
25.20
14.20
9.85

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Other burning

0.20
0.40
1.30
0.50
0.60
0.00
0.10
0.00
0.00
0.03
0.10
2.80
0.20
0.00
0.77
0.00
0.00
1.30
0.10
0.35

Other
non-burning

3.80
13.40
27.00
11.30
13.88
1.40
15.00
41.00
4.40
15.45
2.40
6.80
3.40
0.00
3.15
0.00
0.00
0.00
5.50
1.37

Diaper

Metals

14.40
13.70
0.00
5.30
8.35
9.20
7.00
1.60
3.70
5.37
2.60
13.20
14.00
0.00
7.45
0.00
0.00
6.10
4.80
2.73

Textile

Nylon bag

7.10
6.80
3.00
3.30
5.05
2.00
3.70
4.40
0.00
2.53
0.80
0.00
19.30
0.00
5.03
0.00
0.00
9.50
5.80
3.82

Hazardous
wastes

PET

68.50
46.50
55.20
54.40
56.15
61.30
59.70
39.90
87.90
62.20
91.10
19.00
57.40
99.90
66.85
99.90
99.90
44.60
60.50
76.23

Plastic

Glass

Spr.
Sum.
Aut.
Win.
Ave.
Spr.
Sum.
Aut.
Win.
Ave.
Spr.
Sum.
Aut.
Win.
Ave.
Spr.
Sum.
Aut.
Win.
Ave.

Papercardboard

Biodegradable

Rumelifeneri

Sarıyerİstinye

Aşiyan-Bebek

KuruçeşmeArnavutköy

Region

Season
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0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.10
0.02
0.10
0.10
0.00
0.00
0.05

biodegradable waste, 31.1% of recyclable waste and
0.1% of hazardous waste in the spring season. In
summer, biodegradable waste fell by 46.5% and the
recyclable rate rised to 47.2%. The biodegradable
waste rates were 55.2% and 55.4% in the autumn
and winter seasons respectively, whereas, the recyclable waste rates were 43% and 29.2% for the
same seasons, respectively. Kurucesme - Arnavutköy sea coast marine debris contained, on an
average annual basis, 56.15% of biodegradable
waste 37.63% of recyclable waste, 0.22% of hazardous waste and 6.00% of textile waste.
Asiyan-Bebek sea coast marine debris consisted of 61.3% biodegradable waste and 36.7% recyclable waste in the spring season. In summer, these
rates were 59.7% and 37.4% respectively. In the sea
coast wastes, 39.90% biodegradable waste, 54.2%
recyclable waste, 5.90% textile waste, in autum,
and 87.9% biodegradable waste, 11.3% recyclable
waste and 0.8% textile waste, in winter, were observed. It was calculated that, as annual average,
sea coast marine debris include 62.20% biodegradable waste, 34.90% recyclable waste, 0.03%
hazardous waste, 2.87% textile waste. 
According to characterization study, sea coast
marine debris in Sariyer- Istinye, consisted of
91.1% of biodegradable waste and 8.5% of recyclable waste in spring season; 19% biodegradable
waste and 47.8% recyclable waste in the summer;
57.4% of biodegradable waste and 42.6% of recyclable waste in the autum. In the characterization
study, carried out during the winter season, algea
was observed at a very high rate (99.90%) and only
0.10% of the waste contained other combustible
waste. For Sarıyer-İstinye coastal marine debris an

The biodegradation waste rates of Samatya sea
surface marine debris were 81.40% in the spring,
81.90% in the summer, 96.50% in the autumn and
96.00% in the winter. The recyclable waste rates for
spring, summer, autumn and winter seasons were
18.60%, 18.10%, 3.50% and 4.00%, respectively.
When annual mean values of Samatya sea surface
marine debris were examined, it was seen that
wastes compose 88.95% biodegradable waste and
11.05% recyclable waste.
In the spring, summer, autumn and winter seasons of the Haliç sea surface marine debris consisted of biodegradable waste with the ratio of 86.00%,
62.20%, 18.28% and 45.50% and consisted of recyclable waste with the ratio of 9.20%, 34.60%, 66.42
and 52.80%. When the annual average values of
Haliç sea surface were examined, it was detected
that Haliç sea surface marine debris consist of
52.99% biodegradable waste, 40.77% recyclable
waste, 1.82% hazardous waste, 3.35% textile waste,
1.07% non-combustible material.
According to annualy average values, it was
seen that the sea surface marine debris in Marmara
Sea within the boundaries of Istanbul contain
69.66% biodegradable wastes and 26.98% recyclable wastes. In addition, sea surface marine debris
contained 0.34% hazardous waste, 2.56% textile
waste, 0.04% diaper, 0.18% non-burning materials
and 0.23% burnin materials.

!,( 4(78 (603, ,)607 /(6(*8,60>(8043
Sea coast marine debris were sampled in four study
areas and the results were shown in Table 6.
It was determined that Kuruçeşme - Arnavutköy sea coast marine debris contain 68.5% of
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Coast areas of Istanbul are subject to heavy
pollution due to the effect of human density factor
in every season. Restaurants, social spaces, picnic
areas, walkways, parks and recreational areas also
have a significant impact on marine pollution. In
this regard, public institutions and nongovernmental organizations will have a great deal
of waste in the event that they draw attention to the
issue by organizing public awareness raising activities, various campaigns, trainings and organizations.
The municipalities will greatly contribute to the
increase in the recycling rate, by increasing the
number of waste containers in coastal areas and
encouraging the separation at the source. Placing
warning signs at frequent intervals on the seaside
and warning the citizen who is careless about
wastes and implementing administrative sanctions
by authorized institutions will provide deterrence
towards pollution and great steps will be taken
towards waste reduction.
In most locations of Istanbul, unfurtunally, By
the restaurants located on the coast, bread leftovers
are thrown into the sea due to being eaten by fish. It
is a frequent occurrence that sea surface cleaning
vessels remain on the sea surface without breaking
up many bread rolls. These restaurants can deal
with animal shelters or contribute to the feeding of
street animals. Otherwise, the bread and food that
are thrown into the sea breaks the natural equilibrium and contributes to the sea pollution.
Besides the discharges of wastewaters and waters of creeks connected to the seas, the rainwater
drainage channels also connected to the seas.
Wastes from these channels also have an important
share in pollution. Surface flow-induced contamination can be avoided with simple cost-effective
measures such as frequent cleaning of streets to
prevent these wastes and to prevent wastes from
interfering with rainwater channels, control of the
filters in the grids and rainwater drainage channels
to be more efficient. For the wastes coming from
the rain, the branches taken from the barriers installed in the creek mouths, etc. the fact that the
wastes are not embedded with other wastes will also
make the separation process more feasible after the
wastes are collected.
In some parts of the study, the excess amount
of algae is striking. One of the most important causes of algea formation in the seas is improper discharges to the sea. Domestic and industrial
wastewater is supplied to the sea without proper
discharge limits, which is the main cause of algae
formation. The most effective measure in this regard is to control the waste management plans are
in accordance with the Waste Management Regulation published in Official Gazette (dated
02/04/2015, No. 29314) by authorized organizations.

annual average values of 66.85%, 24.73%, 1.25%,
7.15% and 0.02% were calculated for biodegradable, recyclable, hazardous and textile and other
combustible wastes.
In the experimental study it was observed that,
in the spring and summer, Rumeli Feneri coast
marine debris consist of at algea at very high rate
(99.90%). Biodegradable waste rates in autumn and
winter were measured as 44.60% and 60.50%. respectively. Recyclable waste rates for the same
seasons are 30.00% and 25.30%, respectively. Annual average values of Rumeli Feneri marine debris
were 76.23% for biodegradable waste, 13.82% for
recyclable waste, 0.05% for hazardous waste 9.85%
for textile and 0.05% for other burning waste.
The average waste characterization of the sea
coast marine debris in Marmara Sea within the
boundaries of Istanbul was determined by taking
the arithmetic average of the seasonal characterization results in all samples taken. According to this,
coast marine debris were composed of 65.36%
biodegradable waste. 27.77% recyclable waste,
0.39% hazardous waste, 6.47% textile waste and
0.02% nonburning material.


#! "!
The results of this experimental study performed in order to shed light on the improvement of
the current management of the sea surface and sea
coast marine debris in Marmara Sea within the
boundaries of Istanbul, the amount of waste that can
be recyclable was considerably high. However, the
wetness of the wastes and the combination of a
wide variety of wastes made it difficult to separate
the wastes.
The primary goal in effective waste management is to reduce waste at the source. By taking into
consideration the sources of sea surface and coastal
marine debris, waste reduction by various simple
measures can be achieved. The most important
share among the causes of marine pollution belongs
to terrestrial sources. Therefore, the marine debris
reduction techniques to be realized in the general
sense will be reduced the amounth of sea surface
and coastal marine debris. It should be kept in mind
that efficient methods can contribute to the economy while minimizing the harm to the environment.
Nylon bags had an important place in the sea
surface and coast marine debris. The use of biodegradable bags quickly soluble in nature will contribute reduction in nylon bags significantly. The
Ministry of Environment and Urbanism is providing
vocational training support and frequent multifaceted inspections, thus enabling serious steps to be
taken in this regard and thus playing an active role
in reducing marine debris at source, on sea surface
and sea coast.
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Clarifying the effects of hydrological environmental gradient on soil physicochemical and
microbial properties in riparian zone can be helpful
for understanding the characteristics of soil ecosystem in the riparian zone, so as to provide a scientific suggestion for the ecological protection and
restoration of the riparian zone. Therefore, we
measured four types of indices (soil physicochemical properties, soil enzyme activities, microbial
number and bacterial diversity) for 120 soil samples
which had been taken from 4 hydrologic environmental gradients in 10 typical study sites in Lijiang
watershed, and analyzed the correlation between
the indices and their change trend along the hydrological environment. The results showed that there
were a strong coupling and mutual exclusion
among different types of characteristic indices of
soil in the Lijiang riparian zones; Soil bacterial
diversity (phylogenetic diversity, operational taxonomic units, Chao1) was positively correlated with
soil pH and negatively correlated with soil organic
matter and catalase; Bacteria and actinomycetes
number had a positive correlation with available
nitrogen, acid phosphatase and sucrase. There were
also significant differences in soil physicochemical
properties and microbial community structure under
different hydrological environments, featuring with
the characteristic of gradual change. With decrease
of inundation frequency, the bacterial diversity
(operational taxonomic units, phylogenetic diversity) decreased gradually, and the soil organic matter,
available nitrogen, fungi number and the catalase
activity increased gradually; the soil pH value,
number of bacteria and actinomycetes, invertase
and acid phosphatase activities increased first and
then decreased. The research emphasized to maintain the integrity of the hydrological environment
gradient and adapt to the gradually changing structure of riparian soil ecosystem, which are the factors to be considered fully during the ecological
restoration of the Lijiang riparian zone.




 %#!&%! 
Riparian zones are critical ecotones between
the river ecosystem and the terrestrial ecosystem [1].
Because of its special spatial location, riparian
zones are affected by the interaction between hydrogeomorphic (flood dynamics) and ecological
processes (biological succession), forming a continuous variation of hydrological environmental
gradientsfrom low-lying bare gravel beaches near
river channels to high-lying thick riparian forests
far from the river beds. These hydrological environmental gradients, characterized with the contrasting and changing functional performance, such
as differences in their inundation frequency, stage
of succession, soil properties, community composition, system metabolism, and nutrient cycling [2, 3].
Thus, the riparian zones are one kind of dynamic,
diverse, and complex ecosystems on the earth [4, 5].
A healthy riparian ecosystem is of great ecological
and sociological values, such as climate regulation,
soil and water conservation, environment purification, biodiversity conservation and aesthetic value
[1, 2], However, the damaged ecosystem may lose
its normal ecological function and even bring disaster to mankind. Physiochemical and microbial characteristics of soil are not only important indicators
in evaluating soil ecosystem quality, but also the
key factors affecting the distribution and stability of
riparian vegetation and landscape. So, the research
on distribution of soil physicochemical and microbial characteristics in the riparian zone where there
is a complete hydrologic environment gradient can
help us better understand the riparian soil structure
and its changing process in the natural state, and
provide theoretical support for protecting biodiversity and restoring ecological environment of damaged riparian ecosystem.
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Studies have shown that flood disturbance is
the key driven factor for the changes of species
composition, soil physicochemical properties, microbial community, and enzyme activities in the
riparian zone under natural condition [6]. With the
gradual decrease of inundation frequency, the vegetation structure of the riparian zone shows a trend
of complication, changing into the sequence of
gravel beach, grassland, shrub-land and woodland,
and the biodiversity shows a trend of gradually
increasing, or increasing first and then decreasing.
The frequency, pattern, and duration of flood disturbance may impose an important effect on nutrient dynamics. In riparian soils, inundation can motivate the migration and transformation of C, N and
P [7-9], stimulate the mineralization of organic
matter and the production of inorganic nutrients
[10], and accelerate the loss of N through coupled
nitrification-denitrification [11, 12]. Some studies
have shown that the flood duration is positively
correlated to soil clay and soil organic matter, but
negatively correlated to sand content [13], the soil
organic carbon, total nitrogen and available nitrogen increase with the distance increasing from
riverbed to floodplain [14, 15]. Meanwhile, the
pattern of flood disturbance and soil properties can
also influence soil microbes and enzyme activities
[16, 17]. When flooding lasts only a short time, it
can significantly change microbial community
structure and increase the enzymatic degradation
rates, particularly enzymes that degrade carbohydrates [17]. Prolonged inundation periods can reduce soil organic carbon loss by slowing microbial
respiration and disrupting C cycling processes [18].
Riparian soil water content associated with flood
disturbance can improve the activity of hydrolases
and dehydrogenases while NO3-N can limit the
activity of acid phosphatase [19]. The more stable
properties of the bulk soil such as the magnitude of
soil organic carbon, soil texture and associated
flood duration have a stronger impact on soil microbial communities than monthly fluctuations of
more dynamic properties, such as soil moisture and
soil temperature [20].
In China there is a famous saying that “east to
west, Guilin scenery is the best”. Lijiang, as the
soul of “Guilin scenery” and well-known “golden
waterway”, has typical karst landscape with mountains surrounded by water, wonderful natural scenery and abundant animal and plant resources, which
all make the Lijiang a scenic view. However, because of human activities, natural disasters and
extreme climate, the ecological system and the
vegetation landscape structure around Lijiang have
been damaged to some extent in recent years, and a
series of ecological problems such as vegetation
degradation, biodiversity reduction, soil erosion,
wetland depletion and water pollution have
emerged, and the ecosystem of the Lijiang watershed needs urgent protection, restoration and pro-

motion. Some researchers have reported on the
Lijiang riparian zone from the aspects of soil carbon storage [21], soil enzyme activity [19] and
plants diversity [22], but there were few studies on
the coupling and distribution of soil physicochemical and microbial characteristics in the Lijiang
riparian zone. The aim of this study is to reveal the
coupling relations among the soil physicochemical
properties, soil microorganism and soil enzyme
activities in the zone, clarify the effects of different
hydrological environmental gradients on them, and
further understand the riparian soil structure and its
changing process, so as to provide theoretical support for ecological restoration of the zone.
%#$ %!$

$@A0E?5@1?Lijiang watershed, located in Guilin, China, is of subtropical humid monsoon climate,
with 17.8~19.1 average annual temperature and
1814~1941 mm average annual precipitation. As a
mountainous river, it is characterized with rushing
current, which can bring soaring water level as well
as frequent and strong riparian scouring in wet
season [21]. It is mainly recharged by rain and the
water level changes rapidly with precipitation. In
the area, there is abundant annual runoff (mean
annual runoff is 120~130 m3/s) but the distribution
is very uneven throughout the whole year. The
flood season lasts from March to August, during
which the runoff accounts for 80% of total annual
volume [23].
Lijiang watershed is of karst landform, with
extensively exposed carbonate. The riverbed is
mainly composed of sand and gravel with little silt.
The soil is dominated by red loam with high sand
content between 69.33 % and 86.65 %. The major
tree species are  ,   
 ,   and 
      cv.  . The major shrub
species are     and     .
The major herb species are    ,
Polygonum hydropiper and   .
With a total length of 83km, the study area
(25°59′-23°23′N, 110°18′-110°48′E) is located in
the typical section of Lijiang watershed. The section flows through three types of landscape, i.e.,
Guilin city, suburb and tourist area, its left bank has
relatively complete gradients of hydrological environment, and its right bank has a typical landscape
of karst peak cluster depression. This study is to set
up plots on the left bank for research.

D<1>591:@-8 01?53: -:0 ?-9<85:3 In the
typical section of Lijiang watershed, 10 typical
study sites with complete hydrological environmental gradient were selected in different types of landscape within 83 km. According to the inundation
frequency, relative elevation (relative to river level)
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and vegetation types, each study site was divided
into 4 hydrological environmental gradients, which
were gravel zone, grass zone, shrub-grass zone, and
tree zone. Among them, the gravel zone, with relative elevation lower than 0.6 m, was inundated
more than 7 months per year, having almost no
vegetation coverage; while the tree zone, with relative elevation higher than 2 m, was inundated less
than 2 months per year, being of forest land (Fig 1
and 2).

Three 2 m×2 m sample plots were randomly
selected for collecting soil samples within each
hydrological environmental gradient in September
2014 (dry season). Along an S-shape sampling
route, mineral soils in the upper 15 cm were collected from 5~8 locations within each sample plots
and they were then mixed to compose a soil sample.
Totally, 120 soil samples were obtained. Soil was
placed in a portable refrigerator and transported to
the laboratory. Each soil sample was sieved (2 mm),
homogenized and separated into three subsamples.

&# 
;/-@5;:?;2?@A0E?5@1?5:@41565-:3>5<->5-:F;:1$ $ >1<>1?1:@@1:?@A0E?5@1?
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was achieved using the Ribosomal Database Project
(RDP) Classifier [33] with a minimum confidence
interval of 80%. The bacterial community diversity
indices (OTUs, Chao1, Phylogenetic diversity (PD),
Shannon and Invsimpson) were estimated on the
basis of a subset of 3,700 randomly selected sequences per community with 100 iterations.

$;58 95/>;.5-8 :A9.1> Soil microbial number was determined by dilution plate method [34].
Bacteria were cultured in beef extract peptone medium, actinomycete were cultured in gauze No.1
medium, and fungi were cultured in Bengal redstreptomycin medium.

$;58 1:FE91? -/@5B5@E We measured 5 kinds
of soil enzymes, which are invertase, urease, protease, acid phosphatase and catalase. The activities of
invertase and acid phosphatase were measured by a
colorimetric method [35], and catalase activity was
assayed by ultraviolet spectrophotometry [36].

$@-@5?@5/?$/>11:5:371E5:05/1?;2?;58The
soil indices of each study site were standardized so
as to eliminate the differences between groups of
different study sites and the dimension difference
between different indices (see Equation (1)).

One subsample was used for analysis of the
physicochemical properties after air-dried, one
subsample was kept at 4 °C for microbial number
and enzyme activities analysis, and the other was
frozen at -80°C for DNA extraction and molecular
analysis.

"4E?5/;/4195/-8 <>;<1>@51? ;2 @41 ?;58 We
measured 12 physicochemical indices of soil, which
are sand content, silt content, clay content, soil
water content, pH, soil organic matter, total nitrogen, total phosphorus, total potassium, available
nitrogen, available phosphorus, and available potassium according to the standard methods by Lu
(2000) [24]. Soil water content (SWC) was measured after over-drying the soil at 105°C for 24 h.
Soil pH was determined by the potential method
with 1:2.5 ratio of soil to water. Soil organic matter
(SOM) was determined by the dichromate oxidation
method. Total nitrogen (TN) was measured by
Kjeldahl digestion procedures. Available nitrogen
(AN) was determined by alkaline hydrolysis diffusion. Each sample was measured three times.

 1D@>-/@5;: $># 31:1-9<8525/-
@5;: -:0 .->/;010 ?1=A1:/5:3   1D@>-/@5;:
For each of the 120 soil samples, the DNA was
extracted with a Power Soil DNA Extraction Kit
(MO BIO Laboratories USA) according to the
manufacturer's instructions. To quantify and check
the DNA integrity, a 5-μl aliquot was subjected to
electrophoresis on a 1% agarose gel and quantified
using 2-μl of Low DNA Mass Ladder (Invitrogen
Technology).

$># 31:1-9<8525/-@5;:-:0.->/;010
?1=A1:/5:3 The universal primer set 515F/806R
was used to amplify the V4 region of bacterial and
archaeal 16S rRNA genes [25]. An sample-specific
12-bp barcode was added to the R806. Samples
were amplified in triplicate following the thermal
cycling described previously [26]. Replicate PCR
reactions for each sample were pooled and purified
using a QIAquick Gel Extraction Kit (Qiagen,
Chatsworth, CA, USA). The purified composite
DNA sample was sequenced using an Illumina
MiSeq platform with paired end reads of 250 bp in
length.

">;/1??5:3 ;2 ?1=A1:/5:3 0-@-?1@ Raw pyrosequencing data were processed with pipeline
coupling mothur [27] and QIIME [28] software.
The commands shhh.flows [29], pre.cluster [30]
and chimera.uchime [31] were used to denoise the
sequence data, reduce sequencing error and identify
and remove chimeras, respectively. Operational
taxonomic units (OTUs) were identified with
UCLUST at the 97% sequence similarity level [32].
Subsequently, a representative sequence was selected from each OTU and the taxonomic assignment

x' =

−μ
2σ

(1)

The original data of each soil index in each
study site were substituted into the equation, where
 is the original index,  is the mean value of the
original data,  is the standard deviation of the
original data, and  is the normalized value of the
index.
The 4 types of data, soil physicochemical
properties, enzyme activities, microbial number and
bacterial diversity, were screened respectively by
using correlation analysis and principal component
analysis. Three (3) indices were selected from each
type of data as the key indicators which shall have a
bigger contribution to the first two axes of the principal components as well as a lower correlation
coefficient among themselves (see Table 1).

'->5-@5;:;2?;5871E5:05/1?5:05221>1:@4E
0>;8;35/-8 1:B5>;:91:@? Box plots were drawn
using the standardized soil indicators, so as to analyze the variation trends of these indices in different
hydrological environments. Variance analysis was
used to compare the difference among the groups in
different hydrological environmental gradients, and
the t test was used to determine if the mean value in
each group was significantly different from the total
mean value (0 value).

;A<85:3 -:0 9A@A-8 1D/8A?5;: -9;:3 ?;58
71E 5:05/1? Correlation analysis and principal
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points in the principal component coordinate syscomponent analysis were used to study the coupling
tem under different hydrological environment graand mutual exclusion among different types of soil
dients.
key indices as well as the distribution of soil sample

% 
1:1>-8?@-@5?@5/?;2@4171E5:05/1?;2?;58
1E5:05/1?;2?;58
<
$!373 
 9373 
!%&?
"
4-; 
-/,: 13 
/@,: 13 
A:,: 13 
:B,-9373 
<4,-9373 
-@,-9373 

1-:
7.4
27.7
83.1
1688
174
4551
31.5
4.4
1.9
20.6
14.2
12.1

$
0.4
9.4
50.1
128.4
12.4
487.4
14.2
2.6
1.7
9.8
4.1
4

 
6
2.2
4
1242
133
2983
9.4
1.7
0.1
4
6.5
4.5

)
8.8
57.6
200.4
1880
199
5365
65.2
11.7
7.1
41.8
24
21.4

SOM, soil organic matter; AN, available nitrogen; OTUs, operational taxonomic units; PD, Phylogenetic diversity. Bac_n: bacteria number;
Act_n: actinomycete number; Fun_n: fungi number; Inv_a: invertase activity; Aph_a: acid phosphatase activity; Cat_a: catalase activity.

&# 
%41B->5-@5;:@>1:0?;2?;58/4->-/@1>5?@5/?5:05/1?5:05221>1:@4E0>;8;35/1:B5>;:91:@3>-051:@?
The mean of index in each gradient was compared with zero using t test; ns, p > 0.05 ; *  < 0.05; **  <0.01; ***  <0.001; ****  <0.0001.
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The Screening results of soil indices in Lijiang
riparian zones were showed in table 1. A total of 12
key indices were selected, among which, soil physicochemical indices include pH value, SOM, AN;
bacterial diversity indices include OTUs, PD and
Chao1; microbial number indices include bacteria,
actinomycetes and fungi; and enzyme activity indices involve invertase, acid phosphatase and catalase.
After simple mathematical statistics of these indices,
it was found that the soil in the research area was of
neutral to alkaline (pH value 6~8.8), SOM and AN
contents were widely ranged within 2.2~57.6 g kg-1
and 4~200.4 mg kg-1, respectively; other soil microbe and enzyme activities were varied widely
also. It can be seen that the soil physicochemical
properties and microbial community structure were
varied in different sample points.

'->5-@5;: @>1:0? ;2 ?;58 /4->-/@1>5?@5/? 5:
05221>1:@ 4E0>;8;35/-8 1:B5>;:91:@? There were
obvious differences in soil characteristics among
different hydrologic environments (Fig 3). With
decrease of inundation frequency, the bacterial
diversity (OTUs, PD) decreased gradually and it
decreased to the lowest in tree zone; the SOM, AN,
fungi number and the catalase activity increased
gradually, their contents or numbers were highest in
tree zone and lowest in gravel zone; the soil pH
value, number of bacteria and actinomycetes, in-

vertase and acid phosphatase activities increased
first and then decreased, generally, the highest
value appeared in the shrub-grass zone, while the
lowest appeared in gravel zone.
OTUs, operational taxonomic units; PD, phylogenetic diversity. AN, available nitrogen; SOM,
soil organic matter; Bac_n: bacteria number; Act_n:
actinomycete number; Fun_n: fungi number; Inv_a:
invertase activity; Aph_a: acid phosphatase activity;
Cat_a: catalase activity.

;>>18-@5;: -:0 <>5:/5<-8/;9<;:1:@ -:-8
E?5?;2?;58/4->-/@1>5?@5/?The analysis of correlation between soil characteristics showed that there
was strong coupling and mutual exclusion between
soil physicochemical, enzyme activities and microbial indices (Fig 4 and Fig 5a). Soil bacterial diversity (PD, OTUs, Chao1) was positively correlated
with soil pH and negatively correlated with SOM
and catalase. Bacteria and actinomycetes number
had a positive correlation with AN, acid phosphatase and sucrase.
The distribution of soil sample points in the
principal component coordinate system was shown
in Figure 5b. There was obvious zoning in the soil
sample points among the different hydrological
environments, especially the sample points in gravel zone, which were basically not overlapped with
the other three gradients. This indicated that there
were significant differences in soil physicochemical
properties and microbial community structure under
different hydrological environments.

&# 
"1->?;:/;>>18-@5;:/;1225/51:@?-9;:3@41?;58/4->-/@1>5?@5/?
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%41 B->5-@5;: ;2 ?;58 /4->-/@1>5?@5/? 5: 052
$&$$! 
21>1:@4E0>;8;35/-81:B5>;:91:@?The hydrological environmental gradients created by riparian
;9<->5?;: ;2 ?;58 /4->-/@1>5?@5/? .1@C11:
hydrogeology and other factors have contrasting
565-:3>5<->5-:F;:1-:0;@41>>135;:? The soil
performance in soil physicochemical properties,
physicochemical properties and microbial commucommunity composition, system metabolism and
nity structure of Lijiang riparian zones have great
nutrient cycling [2, 3]. This study also showed great
spatial variability, which is consistent with the
differences in soil and microbial characteristics
structural characteristics of the water-land ecotone.
under different hydrological environments in LiSoils in the riparian zone experienced a series of
jiang riparian zone (Fig 3 and Fig 6b). The bacterial
inundation gradient change from constantly flooddiversity (OTUs, PD) decreased with the decrease
ing to drought, resulting in the greater variability of
of inundation frequency and it decreased to the
soil physicochemical properties and microbial
lowest in tree zone. As the critical ecotones becommunity structure. The other regions of the ripartween aquatic ecosystem and terrestrial ecosystem,
ian zones also showed this characteristic [14, 42,
riparian zones show an obvious edge effect, result43]. The bacterial diversity of the Lijiang riparian
ing in the great biological diversity and habitat
zone (OTUs were 1242-1880, Chao1 were 2983complexity. The gravel zones and grass zones are
5365) was close to that measured in riparian zone
located in the center of the riparian zone, where
of other regions. For example, the number of OTUs
inundation frequency is quite high, and thus there
were 868~1000 in the floodplain of the Olentangy
are lots of anaerobic and aerobic bacteria coexisting
River [44]. However, the bacterial diversity of the
in the soil, leading to higher bacterial diversity;
Lijiang riparian zone was much higher than that in
while the tree zones are near the land, where inunthe created and natural wetlands located in the Virdation frequency is much lower, and thus there is
ginia piedmont, where the numbers of OUTs were
much less anaerobic bacteria in soil, leading to a
10~21 [45], and far lower than that in the coastal
lower bacterial diversity. The flood pulse theory
wetlands of Yellow River Estuary, where the numalso suggests that the flood pulse enhances the
bers of OTUs were 2573~3665, and chao1 indices
biodiversity in riparian ecosystem [6]. In addition,
were 6217~8460 [43]. These differences were partsome studies showed that the microbial diversity is
ly related to the wetlands located in the Virginia
significantly positive correlated with soil pH within
piedmont having a lower soil pH (4.2~5.5) and the
certain range [51], and the soil pH in tree zones is
costal wetlands of Yellow River Estuary having a
lower than the other three hydrological environhigher soil pH value (8.3~8.46) than the riparian
mental gradients, and that may also be the reason of
soils of the Lijiang (6~8.8). Many studies suggested
the lower bacterial diversity.
that the soil pH is the main predictors of the microThe content of SOM depends on the difference
bial diversity in soils [46-48], the lower diversity
between
input and output of organic matter. The
occurs under acidic conditions while peak diversity
main sources of input are litter, dead roots and
is associated with near-neutral pHs [49, 50].
trapped nutrients, and the main ways of output are

plant uptake, soil respiration and runoff erosion [52,
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relatively narrow tolerance to pH in the community.
Intracellular acidification inhibits the activity of
most enzymes and the metabolism of whole cell
[57]. However, many soil microorganisms have
developed adaptive responses to survive in acidic
environments [56, 58]. The other is that pH can
reduces the nutrient availability and ion toxicity in
soils.
Contrary to other research results, in this study
the bacterial diversity showed a negative correlation
with SOM [59, 60]. This may be specific to this or
similar fields where inundation frequency and soil
organic matter run in opposite direction. A possible
explanation here is that high inundation frequency
areas harbor more bacteria facilitating greater levels
of decomposition and resulting in organic matter
depletion. Several studies showed that inundation
could stimulate the loss and mineralisation of organic matter and the production of inorganic nutrients, resulting in soil organic matter depletion [7, 9,
10]. that reveals the inter-connected roles of both
inundation and soil organic matter in shaping bacterial communities as inundation provides complex
living space for bacteria and organic matter provides energy.
Soil C and N are the limiting nutrient elements
of microbial survival activities, and microbes are
participants in the cycle of soil elements. Therefore,
soil nutrients are closely related to the microbial
number [41, 42]. This study showed that the bacteria and actinomycetes number were positively correlated with AN, indicating that the number of soil
microbes in the Lijiang riparian zones depends on
the soil available nutrients (such as AN) level and
state. Soil enzymes are mainly derived from the
secretion of microbial cells, thus the enzyme activities have strong ties to microbial number [61,62].
This study also showed that soil bacterial and actinomycetes number were positively correlated with
acid phosphatase and invertase. But in the riparian
soils of Lijiang, the specific groups of bacteria or
actinomycetes can release and influence which type
of soil enzyme there is still pending for further
study.

$A331?@5;:? ;: 1/;8;35/-8 >1?@;>-@5;: <8-:
:5:3;2565-:3>5<->5-:F;:1This study showed
that the soil physicochemical properties, soil enzymes and microbes in the Lijiang riparian zones
had the characteristics of gradual change under the
different hydrological environmental gradients, and
there was a strong coupling and mutual exclusion
among these indices. Therefore, it is very necessary
to maintain the integrity of the hydrological environmental gradient, and adapt to the gradually
changing structure of riparian soil ecosystem, as
they are the factors to be considered fully during
the ecological restoration of Lijiang riparian zone.



53]. With the decrease of inundation frequency, the
vegetation quantity in riparian zones of Lijiang
increase, so there are also more inputs of the organic matter such as litter and dead roots. As a mountainous river, Lijiang is characterized with rushing
current and soaring water level that produces frequent and strong riparian soil erosion. Higher inundation frequency leads to more serious soil erosion
and more loss of SOM, while lower inundation
frequency comes with less loss of SOM. That
means the SOM content increases with the decrease
of inundation frequency. Cierjacks et al. (2011) [54]
and Woodward et al. (2015) [14] also found that
total soil organic carbon increased with the distance
increasing from riverbed to floodplain.
The number of bacteria and actinomycetes, the
activities of invertase and acid phosphatase in Lijiang riparian zones showed an increase-decrease
trend with the inundation frequency decrease, and
the highest value usually appeared in the shrubgrass zone, while the lowest in gravel zone. The
soil structure, nutrient content and ventilation permeability of riparian zone varies in different hydrological environments, thus affecting number and
activity of soil microorganism. In the shrub-grass
zones there is more vegetation litter, plant residues
and animal remains caused by the flood, which can
increase the soil nutrients in this area, and abundant
nutrients in soil benefits the increase of microorganism number and its activity. In addition, the soil
in shrub-grass zones possess the moderate waterlogging time, and better ventilation permeability,
which both are conducive to microbial survival and
activities. The gravel zones have no vegetation
coverage and experience the highest inundation
frequency; the river erosion soil takes away some
nutrients; and their poor soil and anaerobic environment are not suitable for microbial survival and
reproduction, so the number and activity of microbes are the lowest in gravel zones.

;A<85:3 -:0 9A@A-8 1D/8A?5;: -9;:3 052
21>1:@ @E<1? ;2 ?;58 /4->-/@1>5?@5/? As important
parts of soil ecosystem, soil physicochemical characters, soil enzymes, and microbes play an irreplaceable role in ecosystems, and they interrelate,
interact and co-determine the structure and composition of soil ecosystem. Soil microbial diversity is
affected by the nutrient status, pH value, texture of
soil, etc. Figure 3 shows that there is strong coupling and mutual exclusion between microbial indices and soil physicochemical properties, enzyme
activities in Lijiang riparian zones. The bacterial
diversity (PD, OTUs, chao1) is positively correlated
with soil pH. Previous studies indicated that microbial diversity is significantly and positively correlated with soil pH within certain range [47, 48, 55].
There are two main mechanisms could explain the
effect of pH on microbial community [47, 56]. One
is that pH can affects those prokaryotic taxa with
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ranked in the world with 599 650 ton cherry productions [1].
There are many pests that directly or indirectly
negatively affect quality and yield in cherry orchards. One of these pests is      . The
larvae of this pest damage by eating buds, flowers,
fruits and leaves of the plant. During the years of
the epidemic, it causes the plant to be weak and the
whole crop to be lost.      , a leaf roller
species, can bring about up to 90% damage in cherry and apricot gardens [2]. Over the years when
population density is high, it is inevitable that weak
fall of trees and serious crop losses.
In these days,      L. (Lepidoptera: Tortricidae), which is found on cherry trees
has become the main pest in cherry orchards in
Mardin and Elazığ provinces in Turkey. The study
was carried out to investigate the effectiveness of
mass trapping on the control of the pest in cherry
orchards in 2017 year.

     L. (Lepidoptera: Tortricidae),
which is found on cherry trees has become the main
pest in cherry orchards in Mardin and Elazığ province lately. Larvae of 
  damage the cherry
trees by feeding on buds, flowers, leaves and fruits.
The study was carried out to investigate the effectiveness of mass trapping on the control of the pest
in cherry orchards in 2017 year. For this purpose,
trap effects, trap parameters and mass trapping
studies were performed by using different doses of
wine nutrient traps.
According to the results, the effects of 10%
dose of wine nutrient traps were found to be more
effective than %1, %3 and %5 wine nutrient traps
with by means of adult individuals caught. With the
trap parameter studies, it is shown that must nutrient traps for five trees could be used in mass trapping. The difference between damaged bouquet and
fruit and the control was found to be important
(p<0.01) in the trials performed by mass trapping
with nutrient traps when tested with the chi square
test. According to the study results, it is shown that
this mass trapping method can be used in the control of the pest successfully.

#!"#"
(8,60(17Along with the European leaf roller (     L.) in Mardin and Elazığ provinces, infested cherry trees, Japanese umbrella, ice
container, net, killing bottle, insect aspirator, ethyl
acetate, stereo-microscope, magnifier, record
books, culture plates of different sizes, sexual pheromone traps, wine different doses of the nutrient
trap and laboratory equipment constituted the materials of the study.

,8/4+7 The studies were made in one orchard in Mardin province and one in Elazığ province. The experiments were carried out cherry orchards where pesticide was not applied and infested
with pest. In the orchards, experiments were carried
out in 1%, 3%, 5% and 10% doses of the wine
nutrient trap (25 g sugar, 25 ml vinegar, 100 ml
wine and 900 ml water). Experiments were carried
out with 5 replications according to the design of
random blocks. The traps were placed 1 to 1.5 meters high above the ground, and one trap for each
tree and the same doses will be side by side [3].

'&!"
     , Cherry, Mass trapping, Mardin, Elazıg,
Turkey
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Cherry is a tasty fruit, besides it is a fruit with
a very high nutritional value. In addition, both the
production and marketing stages, the use of intensive workforce, creating a wide range of employment opportunities, significant currency income due
to foreign sales, it is of great importance for the
country's economy.
Turkey has an important place in the production and export of cherries in the world. In exports,
Turkey is located in fourth ranked after Chile, US
and Hong Kong. Our country is located in first
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The first    adults were caught in the
traps on 16 May in Obuz village of Elazığ provinces. The highest number of adults caught in the trap
(29 numbers/trap) on respectively 13 and 20 June
which dates respectively the average temperature
was 24.7-22.3°C and the mean relative humidity
was 33.5-40.8% and last adults were caught in the
traps on 25 July. Adult flight period of   
took 71 days in cherry orchards of Obuz village of
Elazığ province in 2017.
In accordance with our study, in the studies
carried out in apple orchards of Bursa and Erzincan
province in Turkey where adult population of 
  was made, the pest was first detected in
nature in the middle of May. It was reported that, in
the second and third weeks of June, the pest population was the highest [5; 6].    is one of the
major pests in apple trees. They determined that
first adults of pest 26 and 29 May and the adult
flight period continued from the second week of
May until the second week of July and total adult
flight time was respectively 49 and 63 days [5].
Adult flight period of    continued from
the third week of May until the third week of July
and total adult flight time was respectively 30 and
53 days in apple orchards in Poland [7].
Compared to other doses, 10% dose of wine
nutrient traps were found to be more effective than
%1, %3 and %5 wine nutrient traps. In %10 wine
nutrient traps, most caught butterfly were respectively average 133 in cherry orchard of Mardin and
average 118 in Elazığ province (Table 1).

After the first adult flight in the nature was detected
with pheromone traps, the wine nutrient traps were
placed in cherry gardens. When the mixture in the
wine nutrient traps decreased, the previously prepared same mixture was added in the wine nutrient
traps. Traps were recorded and counted weekly.
Thus, the ratio of the most effective dose of wine
nutrient traps was determined. The evaluations
were made on % Abbott [4].


!"$#""$""

Wine nutrient traps were hanged in the cherry
orchards where   
  L. (Lepidoptera:
Tortricidae) were intensive on 08-10 March 2017
(in Mardin province on 10 March, in Elazığ province on 08 March). Traps were counted and recorded weekly.
The first    adults were caught in the
traps on 25 May in Sultan village of Mardin provinces. The highest number of adults caught in the
trap (30 numbers/trap) on 08 June which date the
average temperature was 27 °C and the mean relative humidity was 27.2% and last adults were
caught in the traps on 27 July. Adult flight period of
   took 64 days in cherry orchards of Sultan village of Mardin province in 2017.

# 
  (+9187;/0*/;,6,*(9./803+0--,6,38+47,7;03,39860,3886(5703*/,66<46*/(6+74-
(6+03(3+1(=>@564:03*,743  
(3+   
(6+03
92),64-08,6(8043


%1
92),64-*(5896,+(+9187
Total average: 355

5
1(=>@
92),64-08,6(8043
5


92),64-*(5896,+(+9187
Total average: 296

43*,386(8043+47,7
%3
%5

% 10

62

73

87

133

%1

%3

%5

% 10

51

58

69

118

# 
%(60(3*,(3(1<7074-    (3+ +47,74-8/,;03,39860,3886(578,78,+(.(03788/,(+9187
4-  038/,*/,66<46*/(6+03"918(3:011(.,4-(6+03564:03*,03

Duncana
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N

Subset for alpha = 0.05
2
3

1
.37+

%0
60
%1
60
%3
60
%5
60
% 10
60
Sig.
1.000
Means for groups in homogeneous subsets are displayed
a. Uses Harmonic Mean Sample Size = 60.000
*There is no difference between groups carrying the same letters.
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1
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60
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%5
60
% 10
60
Sig.
1.000
Means for groups in homogeneous subsets are displayed
a. Uses Harmonic Mean Sample Size = 60.000
*There is no difference between groups carrying the same letters.

Statistical analysis was applied to the obtained
adult numbers of      which were obtained in the different doses wine nutrient traps in
cherry orchards in Mardin and Elazığ provinces
(Table 2 and 3). Variance analysis was applied to
the obtained data and Duncan test (according to
0.05) was applied to the evaluations.
When Table 2 was examined, the 10% dose
was found to be different and significant from the
other doses (F: 32, 43; Sig.: 0.00) due to an average
of 12.55 ± 1.12 individuals attracted. In the control
(0%) dose, water was used. In terms of attracting 
  , control dose was not found to be significant in terms of the average number of individuals
0.37 ± 0.95.
Table 3, indicates results of surveys the 10%
dose was found to be different and significant from
the other doses (F: 13, 37; Sig.: 0.00) due to an
average of 11.15 ± 1.44 individuals attracted. In the
control (0%) dose, water was used. In terms of
attracting    , control dose was not found to
be significant in terms of the average number of
individuals 0.37 ± 0.08.
When the variance analysis table given in Tables 2 and 3 is analyzed, 95% confidence limits and
no differences between doses of 1%, 3% and 5%.
However, compared to other doses, the 10% dose
were found to be important in terms of adult catch
rate and took place in different groups.

Subset for alpha = 0.05
2
7.52()
7.92()
9.45()
.256

3

7.92()
9.05()
11.15(
.055

the pest on leaves and fruits and can be used in the
control of the pest’ successfully and according to
the study results.
&#"
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     L. (Lepidoptera: Tortricidae),
which is found on cherry trees has become the main
pest in cherry orchards in Mardin and Elazığ province lately. Larvae of    damage the cherry
trees by feeding on buds, flowers, leaves and fruits.
According to the results, the effects of 10% dose of
wine nutrient traps were found to be more effective
than %1, %3 and %5 wine nutrient traps with by
means of adult individuals caught. It is shown that
this mass trapping method reduced the damage of
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The removal of various pollutants including
COD, TN and TP remains an important issue in the
CWs studies [4]. Recently, many researches on supplementary aeration to enhance the pollutants removal performance for the CWs have been conducted and demonstrated a potential of this method
in wide range applications [5]. Previous and recent
researches [6] have proven that aeration process contributes significantly to the performance of the CWs,
especial for COD and ammonium [7]. Ouellet-Plamondon et al. [8] demonstrated that aeration of CW
increased the COD removal rate and compensated
for the shortages caused by the low temperature and
plants dormancy in cold climate. Cottinglam et al.,
[9] demonstrated that the aerated CWs enhanced the
process of nitrification and consequently, the nitrogen removal rate was increased. However, it can be
indicated that the process of denitrification was limited by the aeration due to the over depletion of organic carbon. Ye et al. [10] indicated that the aeration raised the nitrogen removal efficiency, because
aeration can intensify the nitrification in CWs. Simultaneously, the lower DO was engaged in nitrification because the DO consumed rapidly with the COD
degradation process. Stefanakis et al., [11] indicated
that the presence of aeration can improve the pollutants removal in a VF-CW under high organic loads.
However, few researchers have investigated the impact of aeration for the TP removal. Besides, to our
knowledge, few researches have studied in detail the
pollutants removal in an aerated CW with different
hydraulic retention time (HRT), water flow regimes,
aeration positions and gas-water ratios. Thus, the
present study intends to investigate the impacts of
intermittent aeration for the pollutants removal performance under those various operation conditions
in a pilot scale CW.


   

-.16"5;56)/Two pilot scale systems of
intermittent-aeration vertical-sub-surface CW were
completed in parallel. Each system was composed of
storage pond, inlet/outlet pipelines, reverse-flow
system, packed-bed reactors, connecting pipelines,

Application of constructed wetlands (CWs) is
one of the most promising treatments of wastewater.
Herein, to improve the sewage treatment effect of the
CWs, the intermittent aeration is applied as it can potentially enhance the removal efficiencies of COD,
TN and TP. A pair of pilot-scale CW systems planted
with  
and     was aerated intermittently and operated under different hydraulic
retention time (HRT), water flow regimes, aeration
positions and aeration rates to evaluate the performances of pollutants removal. Results showed that
the systems with the up flow regime and the HRT at
4d reached optimal efficiency. Besides, the single
unit aeration in the middle part of the system showed
better performance than that of the double units aeration. Aeration rate test indicated that the higher gaswater ratio led to the better performance of the pollutants removal.


$" 
Constructed wetlands, Intermittent aeration, Water flow
regime, Hydraulic retention time, Aeration position and
rate.



 

Constructed wetland for wastewater treatment
is designed and constructed due to the self-cleaning
process of natural wetland system [1]. Recent decades have witnessed a wide-spreading applications
of this treatment in decentralized areas and small
communities, due to its low energy consumption,
easy maintenance and operation, aesthetical value of
landscape and biological significance for biodiversity conservation [2]. The constructed wetland can
be divided basically into two types: one with a free
water surface (FWS-CWs) and another with a subsurface flow (SSF-CWs), of which the vertical flow
constructed wetlands (VF-CWs) are the later type
[3]. A further division for the VF-CWs is set based
on the water flow regimes, i.e. up flow CWs and
down flow CWs.
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aeration system, padding, plants and so on. The experimental flow chart was shown in Figure 1.
The inflow was pumped up into the elevated
water tank with the effective capacity of 1.5 m3 .and
then wastewater entered the system by gravity. Two
CW systems were separated and then planted with 
 
and     respectively in a planting density of 12 individuals per m2. For each system, it consisted of three thicken plastic buckets (a
cross sectional diameter of 1.3 m, height of 1.4 m,
and the available depth of 1.2m) in series. Gravel
was padded into each bucket at the thickness of 1.25
m, and the porosity ratio was 49%. The perforated
water distribution pipes were laid at both the top and
the bottom of each padding bed. The direction of the
vertical flow (i.e. up flow or down flow) could be
shifted by manipulating the valves. The aeration

system was composed of aerator, reducing valve,
gas-flowmeter, and a set of perforated aeration pipelines distributed as stem-to-limb at the bottom of the
bed (Figure 2).
After the pilot CW was completed, a plenty of
clean water was used to flush the padding to reduce
the experimental disturbance caused by the impurities sticking onto the padding. After that, a 30-day
starting up period for the macrophytes and microorganism growth and adapting to the CW environment
was carried out after the ordinary domestic sewage
was injected. During this period, the HRT was set at
2d, and the gas-water ratio was set at 4:1. Each aeration periodicity was 8h per day, where the consecutive aeration time duration was 1h and then stopped
for 2h.



 
:2)4-/)06%.*.19',%461*6)56)37-2/)06

 %
.)8%6-101*6)56)37-2/)06



 &
.%01*6)56)37-2/)06
(1) water inlet; (2) backwater pipe; (3) elevated water tank; (4) outlet of the elevated water tank; (5) inlet sampling tap; (7)
observation hole; (8) outlet aerator pipe; (9) overflow pipe; (10) sampling pipe; (11) plastic bucket and (12) control valve.
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"%6)437%.-6;1*-0*.7)06
Items
CODcr
TN
NH4-N
NOX-N
TP

At school
Range (mg/L)
Mean (mg/L)
231~323
277
53~73
65
45~65
57
0.9~1.9
1.5
5.8~6.8
6.4

Vacation
Range (mg/L)
Mean (mg/L)
50~73
61
13~16
14
9~12
10
0.3~0.4
0.3
0.6~1.0
0.9



  
)57.651*8%4-175%0(9%6)4*.194)+-/)1021..76%0654)/18%.




section. Two aeration positions, i.e. 1) both the last
two units in each system, and 2) the middle unit
solely, were compared to determine which can obtain the desired removal of pollutants.
Finally, the aeration rate (as represented here
by the gas-water ratio) was studied under the optimal
conditions. The experimental gas-water ratios were
set at 0.25:1, 0.5:1, 1:1, 2:1 and 4:1, respectively.

The two CW systems were operated with consecutive inflow of domestic sewage from a dormitory of Chongqing University. The water quality varied within a certain range (Table 1). The CW systems
were operated under each condition for 15 days. Water samples were collected at the inlet and outlet of
each CW systems, as well as each padding unit. Water samples were sent to the laboratory for the chemical analysis, including COD, NO3-N, NO2-N, NH4N, and TP.

:2)4-/)06 24161'1. Firstly, the optimal
HRT and water flow regime were investigated according to pollutants removal performance. The last
two units of each CW system were aerated, and the
gas-water ratio was set at 4:1 to allow the systems to
have a certain level of dissolved oxygen. The HRT
was set at 1, 2, 3, 4 and 5 d, and the up flow and down
flow was set respectively as the water regime for the
test.
Then, the effect of aeration position on the performance of the CWs was studied under the optimal
water flow regime as described in the previous

0%.;6-'%./)6,1(The measurements for the
contents of COD, NO3-N, NO2-N, NH4-N, and TP in
the present study were performed according to the
Chinese national standard method [12]. The dissolved oxygen and water temperature of water samples were directly measured using the portable Dissolved Oxygen Meter. Simultaneously, the pH was
measured by portable acidity meter.
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)4%6-10215-6-10Based on the optimum operation conditions as described in the section 3.1,
both the up-flow regime and the HRT of 4d were
chosen for the study of the aeration position. As
shown in Table 2, the COD removal rate with the
single-unit aeration (SA) was approximately 3.8%
higher than that with the double-unit aeration (DA)
under the same HRT and water flow regime. However, for the TP removal, the DA was proven to be
only 2% higher than the SA. The NH3-N removal
was not affected by changing the aeration positions.
Nevertheless, the outflow NO3-N concentration with
SA was 4.7 mg/L less than that with DA. As a result,
the SA led to approximately 4~5% higher removal
rate of TN than that with DA.

)4%6-104%6)The out-flow COD concentration was decreased with increase of the gas-water ratio. The maximum difference of out-flow COD concentration was 5% between the ratio at 0.25:1 and
the ratio at 4:1. The out-flow COD concentrations of
both two CW systems under various operation conditions were all below 69mg/L, and the removal rate
of COD by each system was above 80%. 
The change of the aeration rate had insignificant impact on the TP removal. As shown in Table
3, the TP removal rates of the two CW systems were
all increased to the highest value when the gas-water
ratio was set at 0.5:1, and then decreased gradually
with the gas-water ratio increased.
The TN removal rates of the two CW systems
gradually increased up to 40% with the strengthening of aeration. However, the out-flow TN concentration was above 20mg/L even at the highest gaswater ratio. Similar trends were also observed for the

 

%0(9%6)4*.194)+-/)The COD/TP removal rate of the two CW systems was enhanced by
extending the HRT (Figure 3). When the HRT was
set at 1d, the average COD removal rate reached approximately 70%. When the HRT was increased to
5d, the COD removal rate was increased to 90%. The
TP could be effectively removed (68.8%) when the
HRT was set at 4d. With the extension of the HRT
to 5 d, the TP removal rate had no obviously change
with the final removal rate of 73.0%.
Generally, the TN removal rate of all the CW
systems was increased with the HRT was prolonging. The highest removal rate was reached (59.2%)
when the HRT was set at 4d. However, further extension of HRT to 5d led to insignificant change of
the TN removal rate (58.9%). Moreover, the NH4-N
removal rates were significantly increased with the
HRT increasing. When reached to 4days, the average
NH4-N removal rate was 65.6%, while further extension of HRT did not increase the NH4-N removal
rate.
The change of water flow regimes had insignificant effect on the COD removal. The TP removal
rate in up-flow system was 3% higher than that in the
down-flow system when HRT was set at 2-5d. Nevertheless, compared with the down flow regime, the
up flow regime showed a difference of 2-6% for the
TN and NH3-N removal. It can be also found that the
longer the HRT was, the smaller the difference for
the TN removal was. The TN removal rate with the
down flow regime even surpassed that with the up
flow regime.

 
**)'61*%)4%6-10215-6-1010)**.7)0621..76%06'10')064%6-10-06,)9)6.%0(5;56)/
COD
TP
TN
Aeration
position
mg/L
mg/L
mg/L
SA
31
1.90
22.22
 
-CW
DA
37
1.82
25.40
SA
35
2.04
24.12
   CW
DA
43
1.92
26.41
Note: SA represents the single unit aeration; DA represents the double unit aeration.
Sampling site

NH3-N
mg/L
18.34
17.49
19.25
18.35

NO3-N
mg/L
1.99
6.11
2.26
7.49


  
4)%6/)062)4*14/%0')70()48%4-175+%59%6)44%6-1
Gas-water ratio

Sampling site

COD
   -CW
80.54
0.25:1
 
-CW
82.89
   -CW
83.60
0.5:1
 
-CW
85.21
   -CW
85.28
1:1
 
-CW
85.95
   -CW
85.12
2:1
 
-CW
86.16
C. alternifolius
86.06
4:1
I. wilsonii
87.65
Note: minus removal rates indicate the accumulation of pollutants.
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TP
66.89
66.66
69.06
70.37
68.52
69.81
68.68
69.34
67.14
69.38

Removal rate (%)
TN
NH4-N
28.47
21.21
31.68
27.43
29.97
27.24
34.21
32.56
41.13
39.32
42.83
41.51
46.84
49.42
49.24
51.03
64.89
66.11
61.89
64.43

NO3-N
71.89
76.12
67.73
60.96
45.62
49.83
-27.73
-24.74
-86.14
-64.56

NO2-N
91.75
88.97
78.15
96.91
91.88
91.88
-5.01
79.86
88.19
88.19
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water, leading to the rise of the effluent TP concentration. Meanwhile, in the up-flow system, the oxygen could be supplied into the water by rhizospheric
and atmospheric re-oxygenization, resulting into effective uptake phosphorus by the plants and microorganisms. However, the increase of aeration decreased the TP removal rate, although the enhanced
aeration was reported to be beneficial for the phosphorus-accumulation by the bacteria with an alternative environment of aerobic and anaerobic conditions. A plausible reason for this may be attributed
to the decreased temperature in the systems caused
by the excessive aeration, resulting in the lowered
the microbial activity.

 4)/18%. The nitrification-denitrification
process has been considered as the main pathway for
the TN removal in CWs systems [15]. In the present
study, NO3-N was found to be accumulated and
COD level dropped in the effluent of the system with
HRT prolonging, indicating the competition for organic carbon by the denitrificans and other heterotrophic bacteria. Both the drop of NH4-N concentration and the rise of NO3-N concentration in the effluent of the system were probably caused by the microbial process rather than plant uptake [16]. 
With regard to the effect of water flow regimes
for the TN removal, the present study found that the
up flow system showed a poor performance on the
TN and NH4-N removal than that of the down flow
system. The denitrification was considered to be limited by the downward direction water flow regime,
in which water flowed from a denitrification-favorable anaerobic environment to an adverse aerobic environment. Furthermore, an enhanced aeration rate
lowered the NO3-N removal rate while increased the
TN and NH4-N removal rate. Because the DO level
increased with the aeration strengthened, and a partial aerobic condition could be beneficial for ammonium oxidization and nitrite oxidization rather than
the denitrification. Thus, the TN removal was intensified at the nitrification stage. On the other hand, the
aeration lowered the TN removal rate, and this was
mainly due to the limitations of the denitrification by
the aerobic conditions.


 

NH4-N removal rate. The increase of the gas-water
ratio also enhanced the removal of NH4-N. The NH4N removal rate reached to 69.5% and 67.9% for 
   -CW and   
-CW respectively
under the gas-water ratio of 4:1. On the contrary, the
NO3-N removal rate decreased with the gas-water ratio increasing, and NO3-N concentrations of the outflow exceeded the inflow.


 

4)/18%.In the present study, the short
HRT caused the rise of COD concentration due to
the increase of the water velocity in the CW systems.
Since a considerable amount of insoluble COD was
basically entrapped onto the surface of substrates via
the physical processes such as precipitation and filtration before being degraded into soluble matters
and utilized by the plants and microorganisms. The
shear force created by the rapid water flow could
flush the organics out and back into the water, resulting in the COD rise in the effluent. Moreover, even
though aerobic degradation was the main process for
COD removal, the single-unit aeration performed
better COD removal than the double-unit aeration.
Because the lower COD level in the inflow was
nearly depleted in the forepart of the CW system.
The aeration for the middle one or tail-end two units
had no significant impact on the COD removal; On
the contrary, the excessive aeration led to the fixed
COD matters entering the water again.

 4)/18%. Many researches had demonstrated that the variation of TP removal rate depends
on particular operating conditions, especially the degree of saturation of phosphorous adsorption in soil.
Previous researches had reported several field CWs
with TP removal rates below 20% [4,13], while Gao
[14] reported a TP removal rate above 90%. In our
present study, the TP removal rates ranged between
10.65% and 74.61% under different operating conditions. Phosphorus transformation usually occurred
in the forepart of the CW systems through physical
processes such as precipitation and adsorption [15].
Plants and microbial uptake accounted for only a
small portion of the TP removal [16]. Besides, the
TP removal performance by the CWs was usually
decreased when the adsorption of phosphorus was
saturated by the substrate. 
Longer HRT greatly enhanced the TP removal
rate in the present study. Similar results had been reported in a pilot-scale CW system [17]. This was
probably due to the slower water flow which could
attach the TP pollutants strongly to the substrates of
the CW. Different water flow regimes can cause different physical conditions for the TP removal. In the
down-flow system, the impurities were concentrated
at the bottom of each unit near the water outlet pipe,
and thus phosphorus could be taken out into the

In the present study, the effect of the intermittent aeration on the pollutant removal in a pilot-scale
vertical flow constructed wetland was studied with
different water flow regimes, HRT, aeration positions and gas-water ratios. Two parallel VF-CWs
with the same structure were planted with    
and     . Domestic sewage from
a campus dormitory was used as the inflow water of
the VF-CW systems.
The removal of TN, TP and COD was increased with the extension of HRT in the two CWs
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systems. The best performance for the pollutants removal was found to be with the HRT of 4 days. The
water flow regimes had no significant influence on
the COD removal, while the up-flow regime enhanced TN and TP removal. Middle unit aerated
solely showed a performance improvement of the
CW generally greater than the aeration in the last two
units of the system. The changes of the aeration rate
had insignificant impact on the COD and TP removal
but increased the TN removal. The two systems
reached the highest pollutants removal performance
when the gas-water ratio was set at 4:1. However,
higher aeration rate increased the NO3-N concentration in the outflow due to enhanced nitrification in
both systems.
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added to the soil for higher crop yields. This leads
to widespread environmental contamination [5].
When nitrate is ingested by people, it is converted to nitrite and then to nitrosamines, which
may cause gastric cancer. Moreover, nitrate intake
causes methaemoglobinaemia in infants, even when
exposed for a very short duration [6]. The World
Health Organization (WHO) has prescribed guideline values (GV) of 50 mg NO3− L−1 and 10 mg
nitrite (NO2−) L−1. To obtain concentrations less
than the GV, methods such as adsorption, reverse
osmosis, ion exchange, electro-dialysis [7], catalytic denitrification [8], and biological denitrification
[9] have been used.
Because of the disadvantages of many of the
processes, it is preferable to use the biological route,
wherein bacteria can reduce NO3− to nitrogen (N2)
gas by donating the electrons which are released in
their metabolic pathways [10]. Immobilization
[11-16] can maintain high cell density, enhance the
reduction efficiency and protect microorganisms
from the damage of unfavorable conditions. In addition, application of microorganism can be
achieved more economically and efficiently by
immobilization to enhance its activity, reusability
and operation stability, which means, an efficient
integrated NOx removal system is operationally
feasible.
In this study, the simulated ammonia
wastewater was used to improve the preparation
technology of immobilized microorganisms by
polyvinyl aluminide salt embedding method. The
use of the carrier to improve the mechanical
strength after proper drying, and to seek a mass
transfer performance and better treatment effect, It
is an economical method for the preparation of
immobilized microorganisms.

As drying the carriers can generally improve
their mechanical strength, this study attempted a
new preparation method of denitrified microbial
agent. Its application is studied. The results show
that the main factors affecting the treatment effect
of immobilized microorganisms were: the amount
of bacteria > PVA concentration > SA concentration > aluminum sulfate concentration.
The experimental method for determining the
immobilized microorganisms by the modified polyvinyl alkoxide method is as follows: in the embedding agent of 6.0% PVA and 0.6% SA, the entrained amount of 50 g/100 mL embedding agent is
added to the centrifugal sludge. After stirring, it was
added dropwise to a saturated boric acid and 0.6%
aluminum sulfate fixing solution, fixed in a 4 ° C
environment for 24 h and washed, and finally
placed in a 30 °C blast drying oven. Dry for 3 h.
The immobilized microbial technology of
polyvinyl alcohol alkoxide drying method uses a
low concentration embedding agent to improve the
mass transfer performance and processing efficiency of the carrier.


'%!"
Immobilization microbe, preparation, biological nitrogen
removal, PVA

#!$#
Compounds containing nitrogen (N) are
abundant, with an annual production of about
4.13 × 1014 g as N by fixation processes [1-3].
Among them, nitrate (NO3−) is one of the predominant compounds produced which is a highly mobile and stable species. Also, most of the compounds are converted to NO3− after their use in
biological systems [4]. The released NO3− enters
the groundwater sources in the form of domestic
and industrial wastewater, and fertilizers that are

& !#
The microorganisms were immobilized by the
PVA-DM modified CA gel imbedding method.
Dissolved 4 g SA in 100 ml distilled water at 80 °C
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fraction is 0.4%, and the entrapment amount is 2:5.
The immobilized microbial gel sphere has a higher
ratio. Good ammonia nitrogen removal performance.
The amount of bacteria is an important parameter for immobilized microorganisms. If the
amount of bacteria is too low, the amount of microorganisms in the carrier will be less and the treatment effect will be affected; and if the amount of
bacteria is too high, the strength of the carrier will
be lowered.
For Fig.1 and 2, as the amount of bacteria increases, the removal efficiency of ammonia nitrogen by immobilized microorganisms increases.
When the amount of the agaric reached 1:2 (50
g/100 mL embedding agent), the ammonia nitrogen
removal rate at the 12 h residence time reached
91.23%. Then, with the further increase of the
amount of the agaric, the improvement of the removal efficiency of ammonia nitrogen by the immobilized microorganisms is not obvious, and the
tensile resistance of the pellets is lowered. When
the amount of the agaric is greater than 1:2
(50g/100mL embedding agent), the pellet begins to
break after a short period of aeration.
The concentration of aluminum sulfate in the
fixing solution affects the sphericity, mass transfer
performance and microbial activity of the immobilized microbes.

and then mixed with 2 g PVA and 2 g DM. After the
solution was cooled down to 40 °C, the preliminary
cultivated microorganisms (20 mg dry weight) were
added to the mixture. And then, the mixture was
extruded dropwise from a syringe to a stirred solution of calcium chloride (3% (w/v), pH 6.7). After
embedded at 4°C for 24 h, the beads were harvested
and washed twice with distilled water for use.
!"$#""$""
The concentration of PVA and SA in the embedding agent, the concentration of aluminum sulfate in the fixing solution and the amount of encapsulation have a great influence on the strength and
mass transfer performance of the carrier. At the
same time, considering that the immobilized pellet
after drying has the characteristics of volume reduction, mass transfer performance reduction and
strength increase, the experiment uses low concentration embedding colloid and fixative in the design
process of response surface model.
The primary and secondary relationships were
determined as follows: aluminum sulfate concentration > PVA concentration > SA concentration >
encapsulation amount (mass ratio of centrifugal
sludge to polyvinyl alcohol solution). The best
fixed ratio: that is, the PVA mass fraction is 6%, the
SA mass fraction is 1%, the aluminum sulfate mass


$! 
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For Fig.3-6, it can be seen that when the mass
fraction of aluminum sulfate is 0.4%, the removal
rate of ammonia nitrogen is 77.31%, but the carrier
will be stuck during the preparation process; as the
concentration of aluminum sulfate in the fixative
increases, the immobilized microspheres are fixed
to ammonia nitrogen. The removal efficiency is
continuously reduced. When the mass fraction of

aluminum sulfate is 0.6%, the ammonia nitrogen
removal rate is 75.34%, and the sphericity of the
immobilized microbial carrier is improved.
The experiment used blast drying on the immobilized microspheres to improve their mechanical strength. The higher the degree of drying, the
better the strength of the carrier. However, the drying process also causes some microorganisms to
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lose their activity due to water loss. Four replicates
of the same ratio of immobilized carrier were
placed in a 30°C blast oven for different degrees of
drying, and the effects of different degrees of drying conditions on the treatment of immobilized microorganisms were investigated.
When dried for 1 h, the ammonia nitrogen
removal rate was 79.66%. At this time, the immobi-

lized microbial spheres were inferior in strength.
After 2 hours of aeration, the pellets were stuck.
With the increase of drying time, the removal rate
of ammonia nitrogen decreased slowly. When the
drying time reached 3h, the ammonia nitrogen removal rate decreased to 7534%. Under this condition, no adhesion and damage occurred during the
aspheric aeration for 3 months.

$! 
"96,()+ 0383,1132/(2/863-+26+13:(0:7





$! 
"96,()+ 0383,1132/(2/863-+26+13:(0:7

1322

$# 

! %    



                     !"  ! 




$!
"96,()+ 0383,1132/(2/863-+26+13:(0:7

$"

!!"

Through experiments, it was found that the
main factors affecting the treatment effect of immobilized microorganisms were: the amount of
bacteria > PVA concentration > SA concentration >
aluminum sulfate concentration.
The experimental method for determining the
immobilized microorganisms by the modified polyvinyl alkoxide method is as follows: in the embedding agent of 6.0% PVA and 0.6% SA, the entrained amount of 50 g/100 mL embedding agent is
added to the centrifugal sludge. After stirring, it was
added dropwise to a saturated boric acid and 0.6%
aluminum sulfate fixing solution, fixed in a 4 ° C
environment for 24 h and washed, and finally
placed in a 30 °C blast drying oven. Dry for 3 h.
The immobilized microbial technology of
polyvinyl alcohol alkoxide drying method uses a
low concentration embedding agent to improve the
mass transfer performance and processing efficiency of the carrier.
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The Organization of Petroleum Exporting
Countries acknowledges that the O&G industry
could be overinvesting, building excess capacity
[5], while to achieve the expected return out of
capital expenditure (CAPEX) production life needs
to be extended. Although proven oil reserves are
expanding as offshore exploration and production
(E&P) is increasingly moving to remote areas and
deeper waters thanks to unstoppable development
of offshore E&P (Exploration and Production)
technology, the easy oil era has come to an end
(ironically, not because reserves are drying).
Gerasimchuk et al. [6] named “zombie energy” the
production from these fields that, although receiving strong government subsidies (“negative carbon
taxes”), will remain unburned. However, the installed capacity “locks in” fuel dependency, as they
are intensive in capital and long lived, hence production will last to return investments, slowing the
transition to lower-carbon energy [7-14].
The JEFRI-PVT apparatus from DBR Company of Canada was used to test the phase transition
from well bottom to well head. The experimental
results show that no phase transition can be defined
at experimental ranges, and with pressure rising, the
Zfactor decreases and then increase, the density
rises and both FVF and compressibility decrease
(the decreasing amplitude at low pressure is larger
than that at high pressure);with CO2 content increasing, the Zfactor decreases and the density
increases (the increasing amplitude at high pressure
is more obvious than that at low pressure), and both
FVF and compressibility have little change; with
temperature rising, the Zfactor increases the FVF
rises, the density decreases, and compressibility has
little change.
Experiments to determine whether the high
CO2 containing natural gas phase transition from
the formation to the wellhead and accurately test
the physical parameters of high CO2 natural gas are
one of the basic research contents for the safe and
efficient development of such gas fields. This paper
reveals whether the phase change of high CO2 natural gas in the mining process is carried out by experiments, and the variation law of the physical
parameters of high CO2 natural gas and its influencing factors are studied.


This work evaluated the phase transition from
well bottom to well head and the physical parameters of high CO2-bearing natural gas. The experimental results show that no phase change occurs in
the process of reducing CO2-containing natural gas
from 45 MPa to 10 MPa. As the pressure increases,
the gas deviation factor decreases first and then
increases, the volume coefficient and the compression coefficient decrease, the density increases, and
the amplitude of the density increase under high
pressure is lower.
When the pressure is the same, the relative
volume, volume coefficient and compression coefficient of natural gas are basically unchanged with
the increase of CO2 content; the higher the CO2
content, the smaller the deviation factor of natural
gas and the higher the density. When the temperature rises, the relative volume and volume coefficient of natural gas increase, and the amplitude of
increase under low pressure is more obvious than
that under high pressure; the deviation factor increases, and the variation range is the largest at
around 20 MPa; the density decreases, and the
amplitude decreases under high pressure. The following is obvious; the effect of temperature on the
compression factor is negligible.


(' "#
CO2, natural gas, phase change, density

$" %$ 
The carbon budget is the cumulative amount
of CO2 in the atmosphere corresponding to
450 ppm. For a 50% chance of keeping average
global warming below 2 °C by 2050, the budget is
estimated to be approximately 275 Gt of carbon
(1008 Gt CO2) [1]. To limit emissions rate, carbon
taxes and cap-and-trade mechanisms are expanding
worldwide [2], intensifying the risk of “stranded
assets” [3]. Consequently, three quarters of proven
reserves of coal, oil, and natural gas may be unburnable [4], contributing to reduce life expectancy
of Oil & Gas (O&G) business.
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@8.:25.6<*4The experimental equipment is
ume coefficient and density under grading presmainly composed of a PVT cylinder, a gas chrosure, an iso-component expansion experiment was
matograph, a temperature control system, an injeccarried out, and the specific experimental steps
tion pump system, a flash separator, a gas meter, a
were referenced [15].
formation water analyzer, an electronic balance,

and a gas booster pump.


"#%$##%## 
#2604. /4*;1 *6- .9=*4 ,75876.6< .@8*6
;276 .@8.:25.6<; The specific steps of a single
//.,< 7/   ,76<.6< The results of natural
flash experiment are referred to [15]. The results of
gas samples with different CO2 contents are shown
a single flash are listed in Table 1.
in Figure 1 and Figure 2 (experimental temperature
In order to obtain parameters such as natural
127.6 °C)
gas compression coefficient, deviation factor, vol

$ 
@8.:25.6<:.;=4<;7/6*<=:*40*;;2604./4*;1?2<1-2//.:.6< 
CO2 content (%)
Volumetric coefficient (10-3)
Deviation factor
Density (kg/m3)
10.76
3.498
1.0689
236.2
26.64
3.466
1.0546
290.2
50.31
3.255
0.9929
391.5
70.44
3.093
0.9386
486.1

(a)

(b)

(c)
%" 
".4*<276;128+.<?..66*<=:*40*;;*584.8:.;;=:.?2<1-2//.:.6< *6--.>2*<276/*,<7:*>74=5.
,7.//2,2.6<+*6-,758:.;;276,7.//2,2.6<,

1326

$#

! %    





!"  ! 


It can be seen from Fig. 1 and Fig. 2 that as
the pressure increases, the expansion capacity of the
gas gradually decreases, and the deviation factor of
the gas gradually decreases and then gradually
increases, the volume coefficient of the gas gradually decreases, and the density of the gas gradually
increases. The compressive coefficient decreases
gradually. With the increase of CO2 content, the
relative volume, volume coefficient and compressibility coefficient of the gas are not obvious under
the same pressure, the gas deviation factor is gradually decreased, and the gas density is gradually
increased and increased under high pressure. The
lower amplitude is obvious.

$.58.:*<=:. .//.,< The effect of temperature on the physical properties of a well was measured when the CO2 content was 26.64%. The exper


imental temperatures are Formation temperature
(127.1°C), middle wellbore temperature (75.1°C)
and ground temperature (34.3°C). The experimental
results are shown in Figure 3 and 4.
The experimental results show that the relative
volume and volume coefficient of the high CO2
natural gas system increase with the increase of
temperature in the test pressure range, that is, the
pressure is less than 40 MPa, and the increase under
low pressure is more obvious than that under high
pressure. With the increase of temperature, the
deviation factor increases, and the variation range is
the largest at around 20 MPa; the temperature increases, the density decreases, and the decrease
under high pressure is more obvious than that under
low pressure; the temperature has little effect on the
compression coefficient of gas, and the influence of
temperature can be neglected.


%" 
".4*<276;128+.<?..60*;;*584.8:.;;=:.*6--.6;2<A?2<1-2//.:.6<
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(c)
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around 20 MPa; the density decreases, and the
amplitude decreases under high pressure. The following is obvious; the effect of temperature on the
compression factor is negligible.

This work evaluated the phase transition from
well bottom to well head and the physical parameters of high CO2-bearing natural gas. The experimental results show that:
Within the scope of the study, no phase
change occurs in the process of reducing CO2containing natural gas from 45 MPa to 10 MPa. As
the pressure increases, the gas deviation factor
decreases first and then increases, the volume coefficient and the compression coefficient decrease,
the density increases, and the amplitude of the density increase under high pressure is lower.
When the pressure is the same, the relative
volume, volume coefficient and compression coefficient of natural gas are basically unchanged with
the increase of CO2 content; the higher the CO2
content, the smaller the deviation factor of natural
gas and the higher the density. When the temperature rises, the relative volume and volume coefficient of natural gas increase, and the amplitude of
increase under low pressure is more obvious than
that under high pressure; the deviation factor increases, and the variation range is the largest at
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variables (climate, topographic etc.) regarding that
location [3].
A species distribution model is implemented by
running models over a designated landscape using
environmental variables. This is done in order to predict the probability of a particular species occurrence
thus enabling the production of a habitat suitability
map for the targeted species. The statistical methods
such as logistic regression and differential function
analysis are mostly used for this purpose. However,
these methods are run with presence-absence data of
the target species. Broadly speaking, presence data
is generally more reliable than absence data. Studies
showed that the new approaches, such as Bioclimatic
modelling (BIOCLIM [4], DOMAIN [5]), Genetic
algorithm for rule set production (GARP: [6-7]) and
Maximum entropy (MaxEnt: [8]), which only work
with presence data, provide more reliable and accurate results for species distribution models. The application of MaxEnt for analysis is a preferred
method in species distribution models because it
gives more accurate results with less sample data
than other methods [8-10].
Reptiles are ectotherm organisms; therefore
they often have limited climatic tolerance and are
strongly dependent on climatic conditions. Climatic
changes may potentially cause differences in habitat
structure in the future. The ability to predict the potential distribution of reptilian species under climate
change is crucial in order to achieve a greater understanding of the future evolution of ecosystems – in
particular Mediterranean ecosystems. Accordingly,
habitat suitability maps can be extremely useful in
predicting the distribution of critical species and
monitoring future habitat differences [11-14].
There are 62 known species of lizards in Turkey [15]. Two of these species       and
    were found to be distributed in our
study area and detected as our target species for habitat suitability modeling.       , roughtail rock agama, first described by Linnaeus in 1758
as    . The distribution areas of  
are Greece, Turkey, Syria, Lebanon, Northwest Iraq,
Northern Saudi Arabia, Cyprus, North and West Jordan, Israel and Northern Egypt [15-16]. 
  , snake-eyed lizard described by Ménétriés in
1832, distribute throughout Bulgaria and Northern
Greece, Turkey and South-Western Asia and North
Africa [15, 17-18].

Reptiles are key components of Mediterranean
ecosystems. Climate change, forest management
practices, agricultural activity, land degradation and
forest fragmentation represent the greatest threats to
reptiles. Therefore, efficient tools are necessary for
monitoring these vulnerable species. Habitat suitability maps have been found to be valuable tools for
the monitoring of reptilian species and conservation,
particularly across broad landscapes. This study was
undertaken to determine the relations between two
species of lizard,       (Agamidae) and
    (Lacertidae) and environmental
variables in the Isparta-Sütçüler district (Turkey).
Habitat suitability maps were then produced. The relationship between the two species and 21 environmental variables were analyzed using MaxEnt and
mapped with ArcGIS. The study showed that bedrock, annual precipitation, slope, ruggedness, stream
density, topographic position index, land cover/use
classes and altitude are predictor variables for modelling      . The environmental factors
that create the optimum habitat suitability model for
    were bedrock, annual precipitation, slope, ruggedness, landform index, land
cover/use classes and stream density. In conclusion,
we found that environmental variables and geographic information systems can successfully be
used to generate habitat suitability maps for  
     and    .


'&!"
GIS, Habitat suitability maps, Lizard, MaxEnt, Species
distribution.

#!$#
Habitat suitability maps are highly influential
tools for determining conservation priorities for decision makers when managing wildlife [1-2]. Species distribution models (SDM) created by geographic information systems (GIS) are used to estimate the probability of presence of a species at a
given location as a function of environmental
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This study aims at to determine the relations between    and     and environmental
variables in the Isparta-Sütçüler district (Turkey),
and to generate habitat suitability maps for the two
species using MaxEnt.

was then edited for the study area. The slope, aspect
and altitude maps of the environmental variables
were produced using the digital elevation model
(DEM). The digital elevation model of the area was
created with the use of 1/25000 scale topographic
maps. In order to form a dataset for the stream density, the streams on the digitized topographic map
were first drawn as a vector. The line density in
ArcGIS 10.2 was calculated by considering the density and the distance of 2000 m around the line [20].
Topographic position index, landform index,
roughness index, hill shade index, topographic wetness index, solar radiation index, ruggedness index
and solar illumination index (6 am, 8 am, 10 am, 12
noon, 2 pm, 4 pm, 6 pm, 8 pm, total solar illumination index) were created using ArcGIS 10.2 software
with the "topography tools" plugin. Using the formulas; Aspect favorable index (AFI), radiation index
(RI), heat index (HI) values were calculated and
“ascii" formats were obtained in ArcGIS 10.2. The
equations for these indices are as follows;

#!"#"

";<,>9-)Sütçüler district has been selected
as study area due to the diversity of forest structures
that can be found in the region such as; elevation
steps, slope groups and aspect. The study area is located between 37° 29'17" N latitude and 30° 59'46"
E longitude; with elevation ranging between 802980 m. The district is affected by continental and
Mediterranean climates. The average annual precipitation is 950.1 mm, with the driest and hottest
months being between July and August. The average
annual temperature is 14.1ºC, ranging between 0º50ºC and humidity 4 -57% (Fig.1).

AFI = cos(Amax-A) + 1

"8-+1-: );) This study was carried out between May-October 2014 with a total of 251 sample
plots. The study area was divided into 100 × 100 m
sized cells. We wanted to give the same scale as all
the environmental variables obtained as cellular data
of 100 × 100 m in size. We recorded 146 presence
data for   and 38 presence data for    . 

(1)

In the above equation, Amax refers to 202.50,
and A refers to the aspect. Aspect values were taken
in radians. The values obtained as a result of this
equation range from 0 - +2.
1-COSπ/180Q-30

RI=

17+415);-)6,6=19765-6;)4);)In total
47 climatic and environmental data were used as predictors variables. Nineteen climate data were obtained from WorldClim data set [19]. The bioclimate
data downloaded in “ascii" format on the world scale

2

(2)

Here, Q represents the value of the aspect. RI
values range from 0 - +1. In the north-northeast areas, values approach 0 whereas in the warmer and
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drier south-southwest areas they approach +1 [2124].

type of distribution modeling method for our study,
due to it having a higher estimation power and delivering better and more accurate results with less presence data of target species in small areas. Another
advantage of MaxEnt is that environmental variables
of categorical data can be used in modeling [3, 29].
MaxEnt within on the information given before, runs
by referencing on the relation of target species and
environmental variables to distribute the probability
of being located in any cell (100 × 100 m) for each
cell in the study area over the whole area. Twentyone environmental variables in the "ascii" format
and presence data in the "csv" format of the target
species were analyzed. Ninety percent of the presence data was set as training data and 10% as test
data, with 10 repetitions. We used Area Under the
Receiver Operating Characteristic (ROC) Curves
(AUC) for evaluate model performance [3]. If the
model has the AUC of 1, it is considered to be the
perfect explanatory model. The AUC value of 0.7 is
explained as descriptive, whereas the value of 0.5 is
considered as non-informative model [8].

HI (Beer) = (cos(Amax-A)+1) x tan(slope) (3)
Amax refers to 202.50, and A refers to the aspect.
202.50 represents the warm south direction and is assumed to be the largest heat load on the southwest
facing slopes. HI (Beer) values range from 0 to +2
[25-28].
Different bedrock types are shown as polygons
on the digital bedrock map. In total, categorical data
of 22 bedrock types were obtained. Numerical stand
maps of the study area were used to obtain land
cover/use classes data. The divisions within the map
were classified as five different groups: agriculture,
water, settlement, bush and forest.
MOD13Q1, one of the MODIS VI satellite
data, has been developed for the spatial and temporal
monitoring of terrestrial vegetation conditions globally. The data produced for Turkey has a resolution
of 250 m. The vegetation data, the Normalized Difference Vegetation Index and Enhanced Vegetation
Index data produced by this module were used in the
study.

!"$#""$""

)*1;);"<1;)*141;>7,-4)6,)8.79 
  The training data of the species distribution model obtained for   were found to
be AUC value of 0.942 and test data AUC value of
0.929. The most important factors affecting the distribution pattern were found to be the bedrock, annual precipitation, slope, ruggedness, total solar illumination index, distance to water, topographic position index, land cover/use classes and altitude. The
environmental factors that make up the suitable habitat for   have been described as follows (Fig.
2).
When the   habitat suitability map is examined; areas between Şeyhler-Çandır and Karacaören Barrage villages, Karadiken and Müezzinler
villages, Boğazköy and Hacıahmetler villages,
Beydilli village and Sarp Mountain western foothills, Aşağıyaylabel and Kesme villages were found
to contain suitable habitats. In addition, the area
north of Belence village where we could not obtain
presence data in field studies is potential habitat for
  (Fig. 3).
Our results showed that   prefers bedrock types including clayey limestone, dolomite and
limestone. These bedrock types have fissured, slotted, and perforated rock structures that provide special habitats for lizards for predator avoidance, feeding, nesting, and egg laying.   avoids the areas with very high and low annual rainfalls. The areas with an annual rainfall of 630-640 mm and moderate humidity are most suitable for this species. Another finding is that   prefer flat terrain with
low slope and shelter from strong winds. This species is mostly observed in locations where solar

";);1:;1+)4 =)4<);176 )6, )*1;); "<1;)*14
1;>5)8:In order to remove the negative effects that
might result from multiple connection problem
among the environmental variables, we applied
Pearson Correlation Analysis (R2<0.85) and Factor
Analysis for 47 environmental variables, 19 of
which were bioclimate data, nine were solar illumination index data, and 19 were other environmental
variables. As a result of these analyzes, environmental variables prepared at the beginning are reduced to
21 environmental variables. These environmental
variables are; annual precipitation (BIO12), slope
(SLP), stream density (SD), topographic position index (TPI), topographic wetness index (TWI), solar
radiation index (SRI), ruggedness index (RGDNS),
land position index (LPI), solar illumination index at
8 am (8AM), solar illumination index at 12 noon
(NOON), total solar illumination index (TSII), hill
shade index (HSI), aspect (ASP), altitude (ALT), aspect favorable index (AFI), radiation index (RI), heat
index (HI), bedrock (ROCK), Normalized Difference Vegetation Index (NDVI), Enhanced Vegetation Index (EVI) and land cover/use classes (LCUC).
MaxEnt 3.3.3k software was used to assess the
potential distribution of   and     in
Isparta-Sütçüler region [8]. This method applies the
approach of maximum entropy to calculate the most
likely geographical distribution for a species [8].
MaxEnt aims to determine the ecological requirements of species by evaluating the existence variables of target species and environmental variables
and to explain in what areas the likely distribution of
a species will be according to ecological requirements. MaxEnt was selected as the most appropriate
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differences in environmental and habitat characteristics between study sites. In our study site, the
mountainous areas (elevation >1500 m) with no vegetation in high altitude was found to be not suitable
for both   and    . Unfortunately, we
could not intensively compare and discuss our results with the relevant literature because there are no
published results focusing on the relationships between environmental features and   distribution.

illumination is high, as reptiles regulate their body
temperature according to external environment [30].
By force of their dietary habits (insect, larva, snails),
  chooses areas near to settlements, agricultural fields and water sources. Despite the findings
of Baran et al. (2012) [15], stating that the distribution of   is restricted to between 0 - 2000 meters above from sea level, we only observed this species in areas ranging between 80-1500 meters above
sea level. This difference in range could be due to the


$! 
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    The training data of the species
distribution model obtained for     were
found to be AUC value of 0.960 and test data AUC
value of 0.929. Environmental factors affecting the
distribution of the     were determined as the
bedrock, annual precipitation, slope, ruggedness,
land position index, distance to water, topographic
position index, land cover/use classes. The environmental factors that make up the suitable habitat for
    have been described as follows (Fig. 4).
When the map of     habitat suitability
is examined, it is seen that the areas between Bekirler
and Sarımehmetler villages, the western part of
Karadiken village and Eğirdir district, KuzcaÇobanisa-Sağrak area, flat areas between Sarayköy,
Çobanisa and Hacıaliler seem to be suitable areas for





    distribution. Flat areas in the south of
Sipahiler and Aşağıyaylabel villages offer potential
habitats for     (Fig. 5).
The finding our study showed that the bedrock
types including dolomite, alluvial fan, conglomerate
and alluvial are most suitable for    . This
result indicates that contrary to  ,    
does not depend solely on rocks for hiding and nesting habitat needs. Similarly to  ,    
prefers flat, windless terrain. Agricultural areas and
shrub lands are suitable for this species.    
also choose semi-arid areas with low humidity and
low vegetation cover. Our results confer with those
found in the the study undertaken by Oraie et al.
(2014) [31], in that they also modeled the distribution of     using   in Iran. Similarly,
the results from that study found that this species
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prefers the semi-arid areas with low vegetation in the
summer season and high winter precipitation. However, the other environmental variables that were
found to be significant in our study were not found
to play any roles on     distribution patterns
in the study of Oraie et al. (2014) [31]. It may be explained by the differences in variables used for the
models. Apart from our study, Oraie et al. (2014)
[31] used a satellite-based NDVI. We propose that
the NDVI may substitute for some environmental
variables in the MaxEnt model.
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We can conclude that MaxEnt method was successful in producing habitat suitability maps of 
  and     species. Climatic and environmental factors can be used for lizard species distribution modeling or habitat suitability maps. The
habitat suitability maps of lizard species have the potential for guiding managers when undertaking forest and agricultural management practices and determining the initiatives for biodiversity conservation.
In future studies, in addition to climate and environmental variables, remote sensing based variables
such as image texture and vegetation indexes can be
incorporated into modeling.
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pollinated plants. Although phenological studies
need to observe the phenophases of plants; it is
inevitable that frequent sampling should be done to
determine the variations and intensities of atmospheric pollen in special geography, where many
microclimatic fields reside such as the Anatolian
Peninsula. Because atmospheric pollen diversity of
any region is determined by the flora and vegetation
of that province as well as its geographical features
and predominant meteorological parameters. Therefore, separate atmospheric pollen monitoring studies are required for each region in this sense. For
this purpose, atmospheric pollen studies, which
initiated for the first time in Ankara-Turkey by
Karamanoglu and Ozkaragoz in 1966 [6], have been
continuing for a long time [7-11] Although the
present studies mostly focus on the volumetric
method, it should be remembered that the studies
carried out with the gravimetric method are now upto-date and used in various recent studies [12-15],
and that they constitute the appropriate source for
reflecting the general atmospheric pollen profile for
the regions with no earlier data.
In this study, atmospheric pollen spectrum for
Orhaneli (Bursa) province, located in the southern
ridges of Uludağ mountain has been revealed, plant
taxa producing much pollen for the region have
been determined, pollen calendar has been prepared
for the region, which can be a guide for the abovementioned issues, and the change in the amount of
pollen in the atmosphere due to meteorological
variables have been established.


!'% &"!'#&

&=>/B ;02498 169;, ,8/ .647,=0 Orhaneli is
situated at 39o54’29’’ N and 28o 59’11’’ E in the
northwestern part of Anatolian Peninsula, on the
south of Marmara Sea and on the southern slope of
the mount Uludağ (Olympos), which dominates the
area completely.
The oldest settlement in Orhaneli was seen in
Prehistoric periods. The study area is very rich in
terms of caves and people tried to maintain life in
this period, in springs, in caves and in rocky shelters. The sampling site is situated on the ancient city
of Hadrianoi, built by Roman Emperor Hadrian
(A.C. 117-138). Especially because of timber and

In this study, atmospheric pollen grains investigated with the gravimetric method in years 2014
and 2015. Annually 12158 pollen grains, belonging
to 52 plant taxa identified and pollen grains of
woody taxa consist of 93.30% of the annual pollen
index, which found concordant and evaluated as a
reflection of the dominated flora and vegetation of
the area. Pollen types belonging to *-31 3&0$31,
Cupressaceae/Taxaceae, &%031Poaceae,+"-2"(.
and #*&1 were classified as dominant pollen types
for the region and the total amount for them were
94.37% of annual pollen index. Of these, 59.87% of
dominated pollen types belonging to Pinaceae family members and can be shown as a reason for high
yellow rain in the study area. It was noted that
Gymnosperm trees such as *-31, Cupressaceae/
Taxaceae, &%031 andalso 3&0$31which produce
excessive amounts of pollen were particularly affected by rainfall and humidity in their pollination
period. The month, in which pollen was the highest
in the year, was recorded as April in both sampling
years. April-May term found as an overlap of pollination periods and can be thought as a risky period
for sensitive individuals for the region.
+*#%&
Pollen calendar, pollination, Orhaneli, Bursa.



"'%#('#"
Pollen grains are major atmospheric bioorganic aerosols, which most of them classified as respiratory allergens and pollen allergy is a world known
plague on human health and becoming more important day by day with the increase of pollen sensitive individuals especially in developed countries
and urbanized regions. For this reason, many studies have been designed about atmospheric pollen
monitoring and many researchers have focused on
the regional modellings and allergen pollen forecasts in many regions whole around the world [1-5].
Besides the fact that atmospheric pollen are
mostly allergenic, it is important botanically that the
aeropalinological studies carried out on a regional
basis give an idea about the phenology of wind-
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here as unidentified types and average values of
sampling years were used for preparing pollen calendar; taxa with the annual total of 1 pollen in cm2
were not taken in.


%&( '&

raw timber obtained from the forests of the region
are economically important, the city has been located on a trade route that has pass through midAnatolia in the past. Therefore, industrial development seen in Bursa city, where Orhaneli is administratively affiliated, could not be presented in the
province; mostly because of the rough geography of
the area. Thus, biggest incomes of the population in
the region are agriculture, livestock, mining, forestry and establishments, which based on these products.
The region has a Mediterranean sub-climate
type and has the transitional feature between EuroSiberian and Mediterranean climates as well as
represented floral elements. There are moist forests
in the northern and surroundings of the settlement
area. Major vegetation in these forest areas consists
of *-31 -*(0" Arn. subsp. /"++"1*"-" (Lamb.)
Holmboe, *-31 #032*" Ten., 3/0&1131 1&,/&04*
0&-1L., 3&0$31 /3#&1$&-1 Willd., "0/*-31 #&23
+31L., "0/*-31 .0*&-2"+*1 Miller, "(31.0*&-2"+*1
Lipsky., "12"-&"1"2*4"Mill.,*+*""0(&-2&"(Linden), .0-31,"1L.,./3+3120&,3+" L., 0"5*-31
&5$&+1*.0L., 0"5*-31.0-31L., $&0$",/&120& L.,
+-31 (+32*-.1" (L.) Gaertn., 3-*/&031 .56$&%031
L., 3-*/&031 &5$&+1" Bieb., .06+31 "4&++"-" L.,
+,31(+"#0" (Hudson) and afforestation of &%031
+*#"-* A. Rich. can be seen frequently. In addition
to the natural vegetation of Orhaneli, the following
species are also observed in the parks, gardens, and
streets of the area: $&0 sp., ,6(%"+31 $.,,3-*1
L., &23+" sp., 3/0&1131 "0*7.-*$" Green, +"&"(
-31"-(312*'.+*"L., 3(+"-10&(*"L., 3-*/&031sp.,
"+31%.,&12*$"Borkh., .031sp., +&"&30./"&"
L., +"2"-31 .0*&-2"+*1 L., ./3+31 sp., 03-31
%.,&12*$" L. and 03-31 $&0"131 L.. The field
crops mostly grown in the area are 0*2*$3,sp., !&"
,"61L., &+*"-2)31"--331L., .+"-3,23#&0.13,
L., and 0"("0*"sp.
Meteorological parameters evaluated in our
study for sampling years, provided by Turkish State
Meteorological Service. According to the average
values during the sampling period; January was the
coldest (5.5 oC) August is the hottest (23.42 oC),
June is the rainiest (87.10 mm), December is the
driest (40.45 mm), April is the lowest in relative
humidity (46.60 %) and December was the dewiest
(80.67%) months of the study area.

A total of 24310 pollen grains biennially recorded per cm2 according to gravimetric sampling in
Orhaneli atmosphere; annually 12155 pollen grains
(13614 in 2014 and 10695 in 2015) belonging to 52
plant taxa (28 woody and 24 herbaceous taxa) identified and pollen grains of woody taxa consist of
93.32% (93.43% in 2014 and 93.17% in 2015) and
herbaceous taxa represented 6.55% (6.40% in 2014
and 6.74% in 2015) of the annual pollen index
(API) (Figure 1, Table 1).
In monthly variation; the number of pollen
grains started to increase at the beginning of the
year with the highest contribution of winterpollinated trees and this blooming period continued
in February (Figure 1). Although there was a small
decrease in the amount of pollen in March, the
month in which pollen was the highest in the year
was recorded as April with 66.55% of API in 2014
and 60.16% of API in 2015 (Table 2) in both sampling years with the arrival of spring. It has been
noted that pollen amount fall down in both years
towards the summer months, until the autumn peak
in September, and then again low levels seen until
the end of the year (Figure 1). Looking up to meteorological data; January-March term of the first
year was warmer than the second but in January of
the second year, rain was five times more than in
the first year. It is noteworthy that in April, there
was no significant difference between precipitation,
temperature and wind parameters in both years, but
the humidity data of April of the second year was
three times higher than the first one. Another substantial point is that 3 times more rainfall was observed in September of the first year than the second year (Figure 1).
To list and to demonstrate the weekly variation of pollen types for the air of Orhaneli province,
a pollen calendar formed, which based on the average values of two sampling years (Figure 2). The
first part of the year mostly dominated by pollen
grains of woody plants and Cupressaceae/Taxaceae,
*-31 and #*&1 found determinative types for the
region especially about annual pollen index (API)
and yellow rain periods. The earliest pollen grains
were originated from Cupressaceae/Taxaceae,
0"5*-31 .06+31 +-31 and +,31 taxa (Figure
2) Pollen grains of Cupressaceae/Taxaceae family
was recorded as the most intense pollen type in the
first three months of the year for Orhaneli atmosphere and they observed as the source of high pollen amounts in this term. In April when the highest
amount of pollen was observed (63.74% of API), it

0;9:,6B896924.,6 <=>/B In this study, from
January 2014 to December 2015, Durham sampler
was used for the gravimetric study for trapping,
which placed on at a height of 9 m above the
ground level. The slides placed in the sampler were
changed weekly. Before exposure, the slides were
covered with glycerin-jelly mixed with basic fuchsine [16] and counting conducted on a 24 x 24 mm
area of the slide which was extrapolated to 1 cm2
later; all pollen numbers given for per cm2. The
pollen grains from unknown types were presented
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noted that the pollen dominated this period belongs
to the genus &%031. A gradual decline was seen
from October to the end of the year, but the small
increase in December was attributed to Cupressaceae/Taxaceae pollen, which will continue until
the next spring (Figure 2). The longest pollination
periods have seen mostly in families Cupressaceae/Taxaceae, Poaceae, Asteraceae and Amaranthaceae (Figure 2) probably due to limited identification and species richness of these family members.

was determined that responsible pollen types with
high quantities for this case was *-31 and 3&0$31
in every two years (66.55% of API in 2014 and
60.16% of API in 2015 recorded in April). After
April, it was observed that the herbaceous plants
became gradually dominant in the atmosphere
through the summer and it was determined that the
pollen grains seen as dominant in this period mostly
belong to Poaceae and +"-2"(.(Figure 2). Continuation of the year; In September, a remarkable peak
was hit in terms of the amount of pollen, and it was
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.06+31
30
0.22
27
0.25
28
0.23
+"2"-31
34
0.25
16
0.15
25
0.21
*+*"
28
0.21
6
0.06
17
0.14
"12"-&"
22
0.16
7
0.07
15
0.12
"(31
12
0.09
16
0.15
14
0.11
"0/*-31
7
0.05
19
0.17
13
0.11
Ericaceae
5
0.04
20
0.19
13
0.10
$&0
17
0.12
8
0.07
12
0.10
+,31
18
0.13
6
0.06
12
0.10
*12"$*"
7
0.05
14
0.13
10
0.09
./3+31
13
0.10
7
0.07
10
0.08
"+*5
4
0.03
11
0.11
8
0.06
1206"
10
0.08
4
0.04
7
0.06
.031
7
0.05
6
0.06
6
0.05
3(+"-1
4
0.03
9
0.08
6
0.05
Rosaceae
3
0.02
8
0.08
6
0.05
&1$3+31
3
0.02
5
0.05
4
0.03
*+"-2)31
2
0.01
2
0.02
2
0.02
*(31203,
1
0.01
3
0.03
2
0.02
&23+"
1
0.01
1
0.004
!# " 
 


 


$9,.0,0

 
 
 

 
+$-2$).



 
 
 
Amarathaceae
41
0.30
49
0.46
45
0.37
,#0.1*"
19
0.14
36
0.34
27
0.22
3,&5
26
0.19
29
0.27
27
0.22
Urticaceae
18
0.13
16
0.15
17
0.14
Asteraceae
15
0.11
19
0.18
17
0.14
Apiaceae
12
0.09
10
0.09
11
0.09
!&","61
8
0.06
12
0.11
10
0.08
02&,*1*"
2
0.01
16
0.15
9
0.08
"-2)*3,
7
0.05
6
0.05
6
0.05
&0$30*"+*1
4
0.03
6
0.06
5
0.04
Brassicaceae
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-31 constituted 52.54% of API (46.95% in 2014
and 59.65% in 2015) in the atmosphere of Orhaneli
(Table 1-2). A relatively long pollen season started
in 9. week (February), maximum between the 14th –
16th weeks (April) and ended in the 37th week (September) (Figure 2). The highest values were in
April with 39.64% of API in 2014 and 49.72% of
API in 2015 (Table 2). Pollen grains of 3&0$31
genus constituted of 18.18% of the API (Table 1,
2). Pollen season was between 11 – 31th weeks
(March to July) and maximum values recorded in
the 14th week in April (Figure 2) with the highest
values of 24.56% in 2014 and 7.47% in 2015 of
API (Table 2). Pollen grains of Cupressaceae/Taxaceae group formed 11.41 % of the total
pollen grains (12.47% in 2014 and 10.06% in 2015)
in the atmosphere (Table 1, 2). Pollen season started

Considering the two-year average in the study
area, pollen types, which were represented more
than 1% of the API, are considered as dominant
taxa for Orhaneli atmosphere (Figure 3). Pollen
types belonging to *-31 (52.54%) 3&0$31
(18.18%),
Cupressaceae/Taxaceae
(11.41%),
&%031 (6.02%) Poaceae (2.61%), +"-2"(.
(2.31%) and #*&1 (1.31%)were classified as dominant pollen types for the region and the total
amount for them were 94.37%. Of these, 59.87% of
dominated types belonging to Pinaceae family
members (Figure 3). Accordingly, it has been determined that the pollination periods of large
amount pollen producing anemophilous Gymnosperm trees are found determinative for the seasonal
pollen distribution over the year (Figure 2-3).
Pollen grains of the most dominated type; *
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year. The negative effect of high relative humidity
on pollen grains in the atmosphere is well-known,
and a decrease in pollen amounts is not surprising
data in cooler and more humid April of the second
year, which most probably due to coinciding pollination periods of
high pollen-producing
anemogame *-31 and 3&0$31 taxa (Figure 1,
Table 2). &%031 pollen showing dominance in the
autumn peak recorded in September was found in
the atmosphere 2 times more than in the second
year (Figure 2, Table 1-2). It is known that the rain
washed the pollen grains and other atmospheric
particles away from the atmosphere; the higher
autumn peak of &%031in the second year is probably due to the three times more precipitation in the
same period in the first year (Figure 1-2, Table 2).
Therefore, in our study, it was noted that
Gymnosperm trees such as *-31, Cupressaceae/Taxaceae, &%031 and also 3&0$31 which
produce excessive amounts of pollen were particularly affected by rainfall and humidity in their pollination period. Especially this phase of conifers is a
well-known phenomenon and is known as "yellow
rain". This case is found concordant both floristically and biometeorologically for this particular study
area, which is predominantly spread by EuroSiberian elements.
A quite high amount of coniferous pollen
(71.28% of API) found in the air of study region
from the taxa; *-31 &%031 Cupressaceae/ Taxaceae and #*&1 Many researchers identified pollen
grains of Pinaceae family members in family level
in aeropalynological studies because of their similar
pollen morphology and similar allergenicity. However, some contradictions can be seen in the literature about the allergenicity of Pinaceae type pollen;
some authors previously have suggested low allergenicity because of the large size of pollen grains,
while some older studies supported important allergenicity [21]. Therefore, in spite of all pine pollen
allergy must be taken into account in patients, who
living in areas with high Pinaceae/*-31 pollen
concentrations and complaining from respiratory
disease [22]. In our study, it can be clearly
concluded that, *-31pollen amount was very high
compared with surrounding cites [10, 23-24] and
higher or similar profile about pine pollen amounts
also can be seen in Turkey especially on the Aegean
coastal cites [25-26]. Cupressaceae/Taxaceae type
pollen is reported as an important aero-allergen
before [27-28], which represented in high quantity
in this study (11.41% of API) also from other countries [29-31]. Also in previous studies, &%031 and
#*&1 pollen mostly identified and evaluated under
Pinaceae family pollen and that’s why pollen grains
of these genera found dominated in a few studies
like; Burdur-SW Turkey [32], Bilecik- NW Turkey
[33], Büyükorhan-NW Turkey [10] for &%031
Karabük-NW Turkey [9] and Savaştepe-NW Turkey [34] for #*&1.

in winter (November), the highest value was in
February (6.50% of API in 2014 and 3.81% in
2015) and ended in the 29th week (July) (Figure 2).
Another conifer type found dominant in the air of
Orhaneli was &%031 and this kind of pollen formed
3.03% of API in 2014 9.81% in 2015 (Table 2).
Pollen season of these autumn pollinated plants
started in the first week of September (36th week)
and reached the highest level in this month, maximum in the 37th and 39th weeks and ended in the
first week of December (49th week) (Figure 2). The
most dominated herbaceous plant taxon was Poaceae in this study and pollen grains of this family
formed 2.61% of the API in the atmosphere of
Orhaneli (Table 1). Pollen season started at the
beginning of February (6th week), maximum in the
20th week, reached the highest concentration in May
for both years, it was discontinuous after September
and ended in the first week of December (Figure 2).
The other herbaceous dominated pollen type, +"-
2"(. constituted of 2.31% of API (2.48% in 2014
and 2.09% in 2015) in the atmosphere of Orhaneli
(Table 1-2). Pollen season started in the 14th week
(April), maximum in the 23rd week (June) and ended in the 37th week (September) (Figure 2). The
highest values were in June with 1.06% of API in
2014 and 0.79% of API in 2015 (Table 2). Pollen
grains of the last conifer, #*&1 genus constituted of
1.31% of the API (Table 1-2). Pollen season started
discontinuously at the end of February, found the
maximum in May (19-20th weeks) and ended in the
30th week (July) (Figure 2).
&(&&#"
Given the vegetation and geography, it is not
surprising that the pollen grains belonging to woody
taxa in Orhaneli atmosphere is represented as high
as 93.32% on average and evaluated as a reflection
of the dominated flora and vegetation. Pollen types
of woody plants also found as dominant in Ascoli
Piceno, Italy (55%) [17]; Ostrawiec Swietokrzyski,
Poland (73%) [18]; Balikesir-NW Turkey (70.92%)
[19] and Sakarya NW-Turkey (69.45%) [12]; but
controversially herbaceous pollen grains found
dominated on the Eastern part of Turkey [5, 20].
The effect of meteorological parameters and
pollen concentration is examined between sampling
years; it can be seen that differences in API originates from the atmospheric conditions of two sampling years. January-March period of the first year
was warmer and rainier in the second year in the
same period, this can be shown as the reason of
pollen decrease in the number of pollen grains in
the atmosphere half and half in February and one
third in March (Figure 1). Although most of the
meteorological parameters in both April terms seem
to be the same in sampling years, the relative humidity is seen to be three times higher in the second
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3&0$31 pollen grains were found as a predominated pollen type also in Thessaloniki-Greece
(20.8%) [35], Cordoba-Spain (59.81%) [36],
Vinkovci-Croatia (4.89%) [37], Yalova-NW Turkey
(3.07%) [38], Fethiye-SW Turkey (2.34%) [39] and
Antalya-SW Turkey [40]. Highly recorded 3&0$31
pollen is not considered as a potential aeroallergen,
although there are positive skin reactions to oak
pollen allergens reported from many regions [4143].
Poaceae family members were reported as the
most common pollen grains among non-arboreal
plants in studies conducted in Izmir-W Turkey
(7.7%–6%) [25], Sakarya- NW Turkey (18.95%)
[12], and Van-E Turkey (20.94%) [5] with parallel
to our findings. +"-2"(. pollen was also found to
be dominant in Porto-Portugal [44] and LublinPoland [45] and Canakkale-NW Turkey [46] before. Dominated pollen from herbaceous plants like;
Poaceae and +"-2"(.have also reported as a major
cause of pollinosis in many parts of the world [28,
47-48].
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Annually 12155 pollen grains (13614 in 2014
and 10695 in 2015) belonging to 52 plant taxa (28
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Mint has been well-known to man for long
time and used in all continents of the world. Usually genus   has been used in fragrances, flavours, and medicines [1]. The major producers of
mint are Vietnam, Brazil and India [2]. Many varieties and species of mint are grown worldwide but
only four species, pepper mint (   L.),
menthol mint (   L.), bergamot mint
(     L.) and horse mint (  
  L.) can be cultivated commercially. These four
species are major source of aromatic compounds
e.g. menthol, linayl acetate, carvone and linalool
[2]. Temperate zone of Pakistan including Azad
Jammu and Kashmir is consecrated with the affluent source of medicinal and aromatic plants. Medicinal plants are the boon of nature to remedy a number of diseases of human beings. In various parts of
the world medicinal plants are used against viral,
fungal and bacterial infections [3]. For centuries,
medicinal plants comprise chemical components of
therapeutic value since they have been used as
medications in help of human diseases. More than
80% of the world's inhabitants rely on conventional
remedy for their crucial healthcare requirements [49].
Generally, people use mint as a medication
because it is measured as stomachic carminatives,
diuretic and stimulant and also biological activities
like antioxidant, anti-inflammatory antiviral, digestive, choleretic, analgesic, antibacterial as well as
insecticidal, antiallergenic, antiulcer, detoxicant,
tonic and anesthetic, it is too used for mouth wash,
gas pain, muscle pain and toothache [10]. Dry mint
leaves are beneficial in to cure of abdominal tremors of alimentary canal and atony of gastric [1]. In
many fields, essential oils are natural products used
as raw tools including perfumes, spices nourishment and phototherapy [9]. Mint extract retains
antioxidant activity, flavonoid and polyphenolic
contents [11]. In Azad Kashmir mint is traditionally
used as an important part of chutnies, salad dishes

&'%'

Mentha ecotypes from diverse geographic regions show different chemical composition of important secondary metabolites. The objective of this
study was to evaluate the chemical composition of
indigenous mint (  ) germplasm collected
from Azad Kashmir Rawalakot. Three varieties of
mint       and 
   were collected from different sites of
Rawalakot. These genotypes were analyzed for
important biochemical parameters like total soluble
solids, pH of juice, total moisture content, dry matter, vitamin C, oil content, total phenolic content,
Phosphomolybdenum and antioxidant assays. The
response to different traits varies with type of plant
species and at different geographic location, and its
mean values ranged for total soluble solids (0.720.488 mg/g), pH of the juice (6.60-6.45), total
moisture content (87.67-71%), dry matter (34.6714.00 %), vitamin C (22.4821.01mg/100g), oil
content (173.6-11.77%), total phenolic contents
(214.2-173.6mg/g), Phospho molybdenum assay
free scavenging activity (22.53-19.60µg/ml) and the
total antioxidant activity by DPPH radical scavenging (>65-50%). In present study, it was concluded
that mint species which are grown in this Rawalakot had great approaching in term of medicinal and
genetic traits. These species were also rich in phenolic and antioxidant activities. The   
 showed high concentration of phenolic and
antioxidant activities due to favourable environment conditions which prevail in Rawalakot.


+*#%&
Antioxidant activity, Biochemical parameters, Medicinal
Plants, Mentha Species, Phenolic content
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130oC for 1 hour. After 1 hour sample was removed
from oven and kept it in desiccators until it will
come up to room temperature and then sample was
weighed. Moisture percentage was calculated by
the following formula:
!:5>?@=1-31 = Weight loss
x 100
Weight of sample

and curries. It is also used as a cure for vomiting
and gastric pains.
The area of Azad Jammu and Kashmir is
blessed with a rich source of aromatic flora many of
which have not been previously explored for their
natural potentials and chemical constituents. Present study was planned with the aim to investigate
the antioxidant activity and chemical composition
of indigenous species of mint including  
 and   collected from Rawalakot.

=D8-??1=Dry matter of five to ten gram of
grinded sample was determined by oven drying at
950C for one day until a constant weight was obtained according to the standard method of AOAC
[12].

!'% &"!'#&

The present research work was carried out to
investigate the chemical composition of indigenous
 germplasm collected from Rawalakot,
Azad Jammu and Kashmir. Three varieties of mint
        and  
 were collected from different sites of
Rawalakot i.e. Maidan, kherick, pothi, parrat and
mutyalmara. The experiment was performed at post
graduate laboratory Department of Horticulture,
Faculty of Agriculture, The University of Poonch
Rawalakot, Azad Jammu and Kashmir. The fresh
plant samples were washed under running tap water, air dried for 24 hours and then dried in a ventilated oven at 65oC. The plant material was dried,
crushed to a fine powder and stored in air tight
plastic containers at 5oC before further analysis
while total soluble solids (TSS) were determined
from fresh juice of plant.

5:/4185/-7 9-7D>5> $=1;-=-?5:9 :2 ;7-9?
1C?=-/?The powdered samples of mint leaves were
subjected to extraction (1.0 g each) in boiled water
(100 ml) for 15 minutes, stirred, cooled and filtered
by using Whatman no. 1 filter paper. The obtained
residues were further extracted and finally the
whole extract was concentrated. 

;:26@5/1pH of the juice was recorded with
the help of digital pH meter. A sufficient amount of
juice of each sample was taken one after the other
in 50 ml beaker and electrode was inserted to record pH. When first reading was completed, electrode was washed with distilled water and dried and
then continued for next determination [12].

':?-7>:7@.71>:750>'&&Total soluble solids were determined using a hand refractometer at
room temperature. One drop of extracted juice from
each sample was placed on absolutely dry refractometer prism and readings were recorded in percentage.

!:5>?@=1  -31 The total moisture content
was determined by Oven method. Two g of sample
was taken in Petri dish and was placed in oven at

':?-7;419:75//:9?19?'$The total phenol content was determined with Folin-Ciocalteu
reagent according to the method of Lillian et al.
[13] using gallic acid as a standard. The total phenolic content was noted by adding 0.5 ml of aqueous extract to 2.5 ml of 10 percent Folin-ciocalteu’s
reagent and 2 ml of 7.5 percent sodium carbonate
solution. The mixture was permitted to stand for 40
minutes with intermittent shaking at 45°C and absorbance was recorded at 765 nm in spectrophotometer. The results were stated as milligram of
gallic acid equivalents per gram (mg/g) extract.

9?5:C50-9? ;:?19?5-7 ->>-D The total antioxidant potential of the extracts was determined
using the phosphomolybdenum reduction assay
[14]. For the analysis of total antioxidant 0.6 M
H2SO4, 28 mM sodium phosphate and 4 mM ammonium molybdate was used. In control 0.7 ml
H2SO4, 0.3 ml water, 1 ml ammonium molybdate
and 1 ml buffer was added. Test tubes were placed
in a boiling water bath for 90 min at 95 ºC and
absorption was measured at 695 nm.

9?5:C50-9?-/?5A5?D.D$$=-05/-7>/-A
193593 The antioxidant activities of the mint extract was measured using the stable 1,1- diphenyl-2picrylhydrazy (DPPH) radical as described by Williams et al. [15]. About 0.25 mM solution of DPPH
radical (0.5 ml) was added to the sample solution in
ethanol (1 ml) at different concentrations (10, 25,
50, 75 and 100 µg/ml). The absorbance of all samples were measured at 517nm using the spectrophotometer after keeping in darkness for 30 minutes.
The corresponding blank (control) reading was also
taken. The activity was stated as percentage scavenging of the DPPH by the extracts and calculated
as:
The IC50 values (Extract concentration that
cause 50% scavenging) were determined from the
graph of scavenging effect percentage against the

1348

&%

# ' !









 !#!$ "#"


'  
)-=5-?5:959;:2859?>;1/51>
:/-?5:9>
L1 (pothi)
L2 (parrat)
L3 (mutyalmaira)
L4 (maidan)
L5 (kherick)
!1-9
LSD 0.05 for species
= 0.07821
LSD 0.05 for Locations
= 0.1010
LSD 0.05 for interaction = 0.1749

&;1/51>
   
6.74 ab
6.59 bc
6.41 def
6.43 cde
6.81 a


  
6.24 fg
6.54 cd
6.74 ab
6.76 ab
6.76 ab
 

  
6.59 bc
6.34 ef
6.56 cd
6.34 ef
6.13 g
 

!1-9
6.52 B
6.49 C
6.57 A
6.51 B
6.57 A

'  
)-=5-?5:959$4:>;4:8:7D.019@8->>-DF3 87:2859?>;1/51>
:/-?5:9>
L1 (pothi)
L2 (parrat)
L3 (mutyalmaira)
L4 (maidan)
L5 (kherick)
!1-9
LSD 0.05 for species
= 0.8539
LSD 0.05 for Location
= 1.102
LSD 0.05 for interaction = 0.1749

  
31.67 a
19.00 cd
29.00 b
16.00 ef
17.00 ef
 

&;1/51>
   
16.00 ef
15.33 f
20.00 c
29.00 b
19.00 cd



extract concentration. Tests were carried out in
triplicate.

)5?-859:9?19?The 5 ml of sample was
taken in 100 ml of conical flask and 5 ml of meta
phosphoric acid solution (4 percent) was put in and
titrated with 2, 6, dichlorophenol indophenol dye as
light pink colour appears as end point.

#57 /:9?19?. Oil content of dried mint leaves
were determined with the help of apparatus soxlet.
One g of sample was taken with the help of balance, and was dried at 950C for 3 days. After drying
Samples were weighed, grinded and covered with
filter paper, stapled them and weighed again. After
that 250 ml ether was put in the lower part of the
soxlet apparatus and samples were put in thrimble
apparatus. Samples were run in apparatus for 2
hours. Then samples were taken, dried and weighed
again. Oil content was calculated by the following
formula.

  
17.00 ef
29.00 b
16.67 ef
17.67 de
17.67 de
 

!1-9
21.55 B
21.11 B
21.89 A
20.89 C
17.89 D

%&( '&"&(&&#"
The present research was carried out to check
the chemical composition of indigenous 
germplasm collected from Rawalakot. Three species of mint were collected from Rawalakot during
2012. The study area lies between an altitude of
1500-1650 m from sea level and latitude of 33–360
in the North-East of Pakistan. The experiment was
performed at post graduate laboratory Department
of Horticulture, Faculty of Agriculture, The University of Poonch Rawalakot, Azad Jammu and Kashmir.
4185/-7 4-=-/?1=5E-?5:9 :2 859? >;1/51>
; Data regarding pH of juice was statistically
analyzed (Table 1). The means are presented in
Table 5, which showed significant differences
among all the species. Maximum pH value (6.60)
was noted in   and  
  while minimum 6.45 was found in 
 . For location maximum pH value (6.57)
was observed at location 5 and location 3 and minimum (6.49) at location 2, whereas for interaction
maximum pH value (6.81) was noted in 
 at location 5 followed by  
,   at location 5 and 3 with the
values 6.76 and 6.74. Minimum (6.13) was recorded in   at location 5. Variation in pH
is due to genetic constituents of mint. In present
study pH values remained in the range of 6.13 to
6.81 which is well in line with the findings of Gupta et al. [16] (6.5).


&?-?5>?5/-7 -9-7D>5> The collected data was
statistically analyzed by using analysis of variance
and treatments mean was compared by using least
significant difference (LSD) test at 5% probability
level.






1349

&%

# ' !









 !#!$ "#"


'  
)-=5-?5:959?:?-7;419:75//:9?19?>83 3:2859?>;1/51>
:/-?5:9>
L1 (pothi)
L2 (parrat)
L3 (mutyalmaira)
L4 (maidan)
L5 (kherick)
!1-9
LSD 0.05 for species
LSD 0.05 for Locations
LSD 0.05 for interaction

  
189.0 d
190.5 d
210.2 c
163.2 f
211.2 bc
152.2

&;1/51>
   
184.4 e
191.2 d
133.0 i
208.5 c
153.0 h
150.0

  
269.4 a
159.3 g
210.1 c
214.1 b
156.6 g
154.1

!1-9
214.2 A
180.3 B
184.4 B
195.2 C
173.6 D

= NS
= 1.887
= 3.268

' 
)-=5-?5:959A5?-85983
876@5/159859?>;1/51>
:/-?5:9>
L1 (pothi)
L2 (parrat)
L3 (mutyalmaira)
L4 (maidan)
L5 (kherick)
!1-9
LSD 0.05 for species
LSD 0.05 for Locations
LSD 0.05 for interaction

  
19.37 de
20.96 cd
22.09 bc
24.47 a
24.30 ab
22.23

&;1/51>
   
24.08 ab
21.58 cd
20.75 cd
20.94 cd
25.39 a
22.54

  
21.73 c
20.49 cd
21.06 cd
20.52 cd
17.75 e
33.85

!1-9
21.7 B
21.0 C
21.3 B
21.9 B
22.4 A

= NS
= 1.351
= 2.340


$4:>;4:8:7D.019@8 ->>-D F3 87 Data
collected for Phosphomolybdenum assay (µg/ml)
was analyzed statistically (Table 2). The mean
values presented in Table 2, showed significant
differences among all the species. Phosphomolybdenum assay was used to determine total antioxidant capacities of the hot water extracts of mint.
The maximum antioxidant activity (22.53 µg/ml)
was noted in   and minimum (19.60
µg/ml) was found in   . For locations
maximum antioxidant activity (21.89 µg/ml) was
found at location 3 followed by location 1 and 2
(21.55 and 21.11 µg/ml) and minimum (17.89
µg/ml) at location 5. For interaction the highest free
scavenging activity (31.67 µg/ml) was observed in
   at location 1 followed by  
 (29.00 µg/ml) at location 3 and  
 (28.00 µg/ml) at location 4. Least value
of antioxidant activity (15.33 µg/ml) was obtained
in   at location 2 followed by 
  (16.00 µg/ml) at location 1. Values of
current study are comparable with antioxidant activity reported in

  which was
34.2µg/ml [17].

':?-7 $419:75/ /:9?19?> 83  3 Data
concerning for phenolic contents are presented in
Table 3. Analysis of variance showed significant
differences for phenolic contents within plants of
different locations (Table 3). Total phenolic contents were calculated as Gallic acid equivalent (mg
GAE/g) among three different species collected
from different areas of Rawalakot varying in soil

and climatic conditions. Non significant difference
was observed among mint species. As considering
the mean values of phenolic content contained the
highest value (214.26 mgGAE /g) was recorded at
location 1 whereas, the least phenolic content
(173.6 mgGAE /g) was noted at location 5. Interactive effect of locations and species showed that
  at location 1 gave the highest phenolic content (269.4 mg GAE/g) while the lowest
(1.33 mg GAE/g) phenolic content was observed
for   at location 3. Recorded values in current studies are more than reported values
of Rameshwar et al. [18] who reported 27.26-0.62
mg/g gallic acid equivalent phenolic content. 
Present investigations indicated that such variability in mint species is due to genetic differences
or fluctuation of environment in different locations
during whole phases of growth. It also might be due
to favorable environmental conditions which prevail in Rawalakot.
)5?-85983
876@5/1Data was subjected to statistical analysis and obtained results for
analysis of variance showed significant differences
for vitamin C within plants of different species and
their mean values were given in Table 4. Mint species showed non significant result for vitamin C
content. For location maximum vitamin C content
(22.48 mg/100ml) was recorded at location 5 and
minimum concentration of vitamin C (21.01
mg/100ml) was found at location 2. As for interaction maximum vitamin C contents (25.39, 24.47
mg/100ml) were noted in   and
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 at location 4 and minimum
17.75mg/100ml in   at location 5.
The vitamin C content in plants can be influenced
by various factors such as genotypic difference. In
the present study, samples were collected from
different geographical and ecological zones at different times. Temperature is also an issue that influences the vitamin C. According to observation
temperature of madain was high than other selected
locations so results of vitamin c showing effect of
high temperature. Rise and fall in day temperature
at different sites might be responsible for variability
in vitamin C contents. Fluctuation in day temperature at different localities might be responsible for
variability in vitamin C contents. In present study
vitamin C content ranged between 17.75 to 25.39
mg/100ml but it is less as compared to wrinkled
leaf mint and water mint that were 431.98 and
450.25 mg/100ml [19].

showed results between 64.67 to 87.00% for moisture percentage. Moisture is also an important that
can influence the chemical composition of plants. It
is directly depends on humidity. If water evaporation is more than moisture percentage will also
increase. Similar results were observed by Lata [20]
who reported that   species contained 89
percent moisture. Significant variation in moisture
percentages exhibited in all accessions might be
due to variability in weather conditions (rain fall
and humidity).
=D 8-??1=  Data regarding dry matter
(%) was analyzed statistically (Table 6). The means
are presented in Table 6, which showed significant
differences. Mint species showed non significant
result for dry matter percentage. For locations maximum dry matter percentage (24.46 %) was observed at location 4 and minimum (21.77 %) at
location 3. For interaction maximum dry matter
percentage (34.67 %) was noted in  
 at location 5 and minimum 14.00% was observed in   at location 5. Values of
dry matter remained between 14.00 to 34.67%. Dry
matter percentage in different locations might be
different due to different climatic conditions, soil,
locality and temperature. The plants which have
more leaf area definitely have more dry matter.
These findings are also confirmed by Monika and
Dorota [19].


!:5>?@=1 ;1=/19?-31  Data regarding
moisture (%) was analyzed statistically (Table 5).
The means are presented in Table 5, which showed
significant differences. Species of mint showed non
significant results. As considering the maximum
moisture percentage (80.67 %) was noted in location 5. For interaction maximum moisture percentage (87.00 %) was found in   at
location 5 and minimum (64.67 %) at location 4.
Moisture percentage in different locations is different due to different climatic conditions, soil and
temperature. Other varieties in different locations

' 
)-=5-?5:9598:5>?@=159859?>;1/51>
:/-?5:9>
L1 (pothi)
L2 (parrat)
L3 (mutyalmaira)
L4 (maidan)
L5 (kherick)
!1-9
LSD 0.05 for species
LSD 0.05 for Location
LSD 0.05 for interaction

  
79.00 de
73.00 g
80.33 cd
69.00 ef
80.67 cd
78

&;1/51>
   
71.00 gh
81.33 c
77.00 ef
83.67 b
73.00 g
77.2

  
82.00 bc
79.00 de
76.33 f
64.67 i
87.00 a
77.8

!1-9
77.33 B
77.77 B
77.88 B
79.00 AB
80.67 A

= NS
= 1.292
= 2.237

' 
)-=5-?5:9590=D8-??1=59859?>;1/51>
:/-?5:9>
L1 (pothi)
L2 (parrat)
L3 (mutyalmaira)
L4 (maidan)
L5 (kherick)
!1-9
LSD 0.05 for species
LSD 0.05 for Location
LSD 0.05 for interaction

  
21.00 de
26.67 c
20.00 ef
30.67 b
18.67 f
23.40

&;1/51>
   
29.00 b
21.00 de
22.33 d
26.67 c
34.67 a
26.73

= NS
= 1.226
= 2.124
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18.33 f
18.00 fg
23.00 d
16.00 gh
14.00 h
17.86

!1-9
22.77 A
21.89 B
21.77 B
24.46 BC
22.44 C

&%

# ' !









 !#!$ "#"


' 
)-=5-?5:959':?-7>:7@.71>:750>59859?>;1/51>
:/-?5:9>
L1 (pothi)
L2 (parrat)
L3 (mutyalmaira)
L4 (maidan)
L5 (kherick)
!1-9
LSD 0.05 for species
= NS
LSD 0.05 for Location
= 0.1460
LSD 0.05 for interaction = 0.1460

  
2.80 a
2.33 d
2.50 bcd
2.40 bcd
2.80 a
2.56

&;1/51>
   
2.30 b
2.63 ab
2.80 a
2.40 bcd
2.77 a
2.58

  
2.50 bcd
2.33 d
2.36 cd
2.26 d
2.60 abc
2.41

!1-9
2.51 BC
2.35 CD
2.70 A
2.43 D
2.60 AB

' 
)-=5-?5:959:57/:9?19?59859?>;1/51>
:/-?5:9>
L1 (pothi)
L2 (parrat)
L3 (mutyalmaira)
L4 (maidan)
L5 (kherick)
!1-9
LSD 0.05 for species
= 1.174
LSD 0.05 for Location = 1.516
LSD 0.05 for interaction = 1.516

  
24.86 a
20.35 b
16.99 de
17.59 de
16.99 de
 

&;1/51>
   
18.18 cd
24.86 a
21.10 b
9.180 g
17.59 de
 

':?-7 >:7@.71 >:750>  Statistical analysis
regarding soluble solids showed highly significant
differences. Mean values are presented in Table 7.
Mint species exhibited non significant differences
for total soluble solids. As concerning the location
maximum total soluble solids (2.72 %) was found
at location 5 and minimum (2.35 %) at location 4.
For interaction maximum total soluble solids (2.80,
2.76 %) were obtained in     and
   at location 1, 3 and 4 respectively
and minimum (2.26 %) in   at location 4. Variations in total soluble solids are due to
the variation in climatic conditions and genetic
reasons. In current study range of total soluble
solids exists between 2.26 to 2.80 %. Variation in
total soluble solids is due to the variation in climatic conditions and genetic differences. In current
study total soluble solids were found in range between 2.26 to 2.80 %. Mean values of total soluble
solids in present study are less as compared to the
findings of [21] which were 12.1 and 13.2 % in
 

  
17.59 de
16.32 e
11.32 f
7.000 h
6.667 h


!1-9
20.21 A
20.51 A
16.47 B
11.25 D
13.74 C

20.51 and 20.21 % respectively. Minimum result
(11.25 %) was found in location 4. For interaction
maximum oil content (24.86 %) was present in
   at location 1 and also in 
 at location 2, while minimum (6.66 %)
was present in   at location 5. In the
present study, this diversity might be due to variations in local environments such as sunlight, soil
conditions, climate, topography, rainfall and other
salient features of the area. It also might be due to
genetic differences. Recorded values in present
studies are less then reported values of Farukh et al.
[22] who reported 84.5-99.0% oil content of 
  .
9?5:C50-9? /?5A5?D .D $$ %-05/-7
&/-A193593 Difference in Antioxidant activity by
DPPH radical scavenging among three species
collected from five different locations. Free radical
2, 2-diphenyl-1-picrylhydrazyl (DPPH) was used to
evaluate antioxidant capacity among different species of mint. In the presence of a hydrogen donor
basic principal of DPPH assay was reduction of the
stable radical DPPH to yellow tinted diphenyl picrylhydrazine. Extracts of five different concentrations (1 = 10, 2 =25, 3 =50, 4 = 75, 5 = 100 µg/ml
respectively) were used to measure the antioxidant
activity. Antioxidant activity of mint specie 
 is shown in Fig 1. At concentration 10
µg/ml the sample collected from location 3rd
mutyalmaria) has shown maximum antioxidant
activity that is more than 60% followed by 50 %.
At concentration 25 ug/ml, the locations 2 (parrat)

#57 /:9?19? Statistical analysis regarding oil
content showed significant difference for both species and locations and also interaction (Table 8).
The means value are presented in Table 8. Our
results revealed that oil content of mint was highly
significant for species. The maximum oil content
(19.35 %) was obtained in  , while
the minimum (11.77 %) was found in 
 . For locations maximum oil content was
found in location 1 and location 2 with the value of
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and 3 (mutyalmaria) showed maximum antoxidant
activity that was 60%. Location 1 (Pothi) and 3
(mutyalmaria) displayed maximum radical scavenging which is more than 60% at concentration 50
ug/ml. At concentration 75 ug/ml location 1 (pothi)
showed the antioxidant activity of 65% followed by
location 2 (parrat). At concentration 100 ug/ml
locations 1, 2, and 3 showed antioxidant activity
higher than 60%. Recorded values are more than
reported results that are 11.13±0.2, 9.13±0.1 and
3.13±0.2% for  ,    and  
; respectively [23]. Fig. 2 showed that at
concentration 10 µg/ml plants from location
1(pothi) showed maximum radical scavenging

activity that is 75% followed by location 2 (parrat)
more than 60%. At 25 µg/ml concentration location
1 (pothi) showed more than 60% radical scavenging
activity. At concentration 50 µg/ml location 1
(pothi) and 2 (parrat) showed more the 60% scavenging of DPPH radical. At 75 µg/ml location 1
(pothi) showed the highest antioxidant of 75%
followed by the location 2 (char) which has 60%
scavenging of radical. At 100 µg/ml concentration
location 2 (parrat) showed maximum radical scavenging that is 60%. Recorded values are more than
reported results that are 11.13±0.2, 9.13±0.1 and
3.13±0.2% for  ,    and  
; respectively [23].

(% 
)-=5-?5:9599?5:C50-9?-/?5A5?D.D$$=-05/-7>/-A193593:2    


(% 
)-=5-?5:9599?5:C50-9?-/?5A5?D.D$$=-05/-7>/-A193593:2    
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(% 
)-=5-?5:9599?5:C50-9?-/?5A5?D.D$$=-05/-7>/-A193593:2     





Fig 3 showed that at the concentration 10
µg/ml mint leaves from location 1 (pothi) showed
maximum radical scavenging activity that is 75%
followed by location 2 (parrat) 60%. At 25 µg/ml
concentration location 1 (pothi) displayed more
than 60% radical scavenging activity. At concentration 50 µg/ml location 1 (pothi) and 2 (parrat)
showed higher than 60% radical scavenging. At 75
µg/ml location 1 (pothi) showed maximum radical
scavenging activity that is 80%. At 100µg/ml concentration location 2 (parrat) showed maximum
radical scavenging more than 60% followed by
location 1(photi) showed 60% radical scavenging.
Recorded values are more than reported results that
are 11.13±0.2, 9.13±0.1 and 3.13±0.2% for 
,    and  ; respectively [23].


#" (&#"

In present study, it was concluded that mint
species which are grown in this Rawalakot had
great approaching in term of medicinal and genetic
traits. These species were also rich in phenolics and
antioxidant activities. The   showed
high concentration of phenolics and antioxidant

activities due to favourable environment conditions
which prevail in Rawalakot.
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dance of modern dinoflagellate cysts in sediments is
necessary to predict the appearance of future dinoflagellate bloom events. [3–5]. The usage of dinoflagellate cysts is not only limited to preventing
future blooms, but also helps to build some understanding of the relationship between sea surface
conditions and different pollution sources [6–11].
Phytoplankton blooms have increased over the
last 50 years in the Mediterranean Sea, and, because
of the human effect and nutrient enrichment, many
coastal areas are highly fertile [12]. Iskenderun Bay
is one of these hot spots in the Levantine Basin of
the Mediterranean. Phytoplankton composition and
distribution have been studied, and potentially
harmful species with bloom dynamics have been
investigated in detail in the bay for several years
[13–21]. Dinoflagellate cyst distribution and abundance have been investigated in the world’s oceans
over the last decade [22, 23]. Studies on the composition of dinoflagellate cyst assemblages in recent
sediments have mainly focused on areas in the
western Mediterranean [24–27]. Recent studies
were also carried out on western and eastern Mediterranean surface sediments [28–30]. There have
been few detailed studies on resting cysts and their
effects on harmful algal blooms in the eastern Mediterranean [4, 31, 32]. On the other hand, some
modern dinoflagellate cyst surveys from Turkish
Coastal waters (Black Sea, Marmara Sea, and Aegean Sea) were previously reported [33–42]; however, there are limited modern dinoflagellate cyst
records from the Mediterranean coast of Turkey.
Therefore, this study provides important data on the
distribution of dinoflagellate cyst assemblages and
their abundance in recent sediments from Iskenderun Bay (Turkey), in the northeastern Mediterranean.

To document and understand dinoflagellate
cyst assemblages, 6 surface sediment samples were
collected from Iskenderun Bay, in the northeastern
Mediterranean. A total of 28 cyst types were identified and the cyst concentration was attained as 144
cysts g–1 dry weight sediment in the bay. The cyst
concentration was low when compared to other
areas in the Mediterranean.
& &
# ! #&, !#%$ & &$, and
#%& spp. were the most abundant cysts
in the sampling points. Three of the stations had a
sandy sediment grain size, while the other stations
had a muddy (silt + clay) sediment distribution.
Only the clay exhibited a significantly strong positive correlation with the total and heterotrophic
dinoflagellate cyst concentrations, whereas no other
strong correlation was found between the sediment
grain size and dinoflagellate cysts. The present
study provides the first modern dinoflagellate cyst
records from the surface sediments of Iskenderun
Bay, in the northeastern Mediterranean. 


)("$%
Dinoflagellate, cyst, sediment, Iskenderun Bay, Mediterranean
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Dinoflagellates are one of the main groups of
marine phytoplankton, with over 100 species capable of causing harmful algal blooms, 50 of which
are known to be toxic [1]. Approximately 200 more
modern dinoflagellate species can produce a resting
cyst as part of their life cycle [2]. These resting
cysts are more likely to sink into the sediment after
the encystment of vegetative cells under unfavorable conditions. Dinoflagellate cyst distribution and
abundance provide important knowledge about
aquatic ecosystems, because cysts preserved in the
sediments may indicate the occurrence of planktonic species in the water column. Dinoflagellate cysts
can provide potential risk information for areas
where toxic and non-toxic blooms occur. Therefore,
collecting data regarding the diversity and abun-

&$%! &"%

%>?0C <1- Iskenderun Bay is located in the
northeastern corner of the eastern Mediterranean
Sea. The bay is one of the largest continental
shelves (surface area of approximately 2275 km2) in
the northeastern Mediterranean, with an average
depth of 70 m. The Ceyhan River is the main river
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%105819> 3<-59 =5D1. Sediment grain sizes
were analyzed via the wet sieving method [45]. The
wet sediments were weighted and dried at 70 °C in
an oven over a period of a few days. Next, the dried
sediments were weighted for calculation and each
sample was transferred into a 100-mL beaker. The
dry sediments were then suspended with 200 mL
distilled water, and the samples were sieved through
1.2 mm, 500 µm, 250 µm, 100 µm, 63 µm, 23 µm,
and 10 µm stainless steel mesh, respectively. Each
section of sediment above the mesh was transferred
into a weighted aluminum pan and dried in an oven
over a period of a few days. The dried sediments
were then weighted again and the sediment grain
sizes were calculated as a percentage of the dry
sediment. Textural classification of the sediment
samples was based on the relative percentages of
mud (<63 µm) and sand (>63 µm).


flowing into the bay and current systems in the
northeastern Mediterranean affect the hydrography
of the bay. The water column changes seasonally;
there is a 2-layered temperature structure during the
summer and a mostly homogenous water column in
the winter. The bay is one of the most productive
areas in the northeastern Mediterranean [43]. Important pollution sources in the bay include industrial plants, such as fertilizer factories, the iron-steel
industry, petroleum pipelines, and other industries,
which discharge their waste water into the bay, and
marine traffic [14, 43]. The bay is also an important
fishery area in the northeastern Mediterranean [44].
%-8;71 /:771/>5:9 -90 =105819> ;<1;-<-
>5:9 Surface sediments were collected with a Van
Veen grab sampler for sediment grain size analysis
and determination of the dinoflagellate cysts at 6
stations in Iskenderun Bay, in the northeastern
Mediterranean Sea, in 2013 (Fig 1. and Table 1).
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%-8;75937:/->5:9=-90A->1<01;>48<17->5@1;<:;:<>5:9=:2>41=105819>3<-59=5D1=-90=57>
-90/7-C59=?<2-/1=105819>=
%>->5:99:
1
2
3
4
5
6

->5>?01!
36°49ʹ12.70ʺ
36°49ʹ51.30ʺ
36°49ʹ34.70ʺ
36°49ʹ42.10ʺ
36°47ʹ17,98ʺ
36°36ʹ49.15ʺ

:935>?01
35°53ʹ36.40ʺ
36°53ʹ47.40ʺ
36°49ʹ8.07ʺ
35°54ʹ13.40ʺ
35°51ʹ40.36ʺ
35°50ʹ39.45ʺ

(->1<01;>48
12
8
11
11
11
12
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%-90
16.74
27.37
43.07
36.39
51.12
67.32

%57>
42.62
34.81
49.94
37.68
28.21
17.19

7-C
35.64
37.82
6.99
25.93
20.67
15.49
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#-7C9:7:35/-79-81=:2>41059:27-3177->1/C=>>-B--90>415<.5:7:35/-7-22595>51=-//:<0593>:
>412:77:A593(-77-90-71+ ,1-0+ ,$:/4:91>-7+  , -<<1>-90*:991@170+ ,
->=?:6--90?6?C:+ ,-90$-051>-7+ ,

?>:><:;45/=;1/51=

1>1<:><:;45/=;1/51=

#-71:9>:7:35/-79-81
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# % !#&  &
Unknown
% )$%

9-7C=5=:2>41059:27-3177->1/C=>= The Surface sediments (top 2 cm) were used for the identification and enumeration of the dinoflagellate cysts
and the samples were stored at 4 °C in the dark
until preparation for cyst analysis. For analysis of
the dinoflagellate cysts, the subsamples were processed using the standard palynological methods of
Matsuoka and Fukuyo [46]. Room temperature
hydrogen chloride (10%) and hydrogen fluoride
(40%) were used to treat the subsamples and the
samples rinsed with distilled water, respectively.
The residue was sonicated for 30 s in an ultrasonic
bath and sieved through 125 µm and 20 µm stainless steel mesh. The residue above the 20 µm mesh
was transferred into a plastic tube. Dinoflagellate
cyst identification and enumeration were carried out
on a 1 mL subsample of 10 mL aliquots in a
Sedgewick-Rafter counting chamber under a differential interference contrast attachment inverted
microscope (Olympus IX71). The total live and
empty cysts were reported as cyst g–1 dry weight of
sediment (dws). The paleontological names of the
cyst taxa were used in the text with some exceptions, which are only known by their biological
names. The nomenclatures followed for identification are given in Table 2. (#& spp. cysts
were classified by type or complex according to

Matsuoka and Fukuyo [46]. #%& spp.
includes all smooth-walled spherical brown cysts.
Some cyst types were also identified at the genus
level due to difficulties with observation of the cyst
orientation and their preservation.
Cyst concentrations were calculated by the
formula: N/W(1-R), where N is the cyst obtained by
multiplying the counted number of cysts by a coefficient to make 10 mL of refined sediment, W is the
weight of wet sediment sample, R is the rate of
sediment sample water content. The water content
of the sediment sub-samples was measured by
comparing the weights in wet condition and after
they were dried in an oven at 60 °C for 24 h. All of
the cyst concentrations were reported as cysts g−1
dws for each sample.
%>->5=>5/-7 -9-7C=5= The dinoflagellate cyst
diversity was monitored in this study using the
Shannon-Weiner and fisher’s alpha diversity index
[50]. Statistical relationships between the sediment
grain size and cyst abundance were tested using
Pearson’s correlation coefficient r along with corresponding P-values. In all of the cases, the level of
significance was set at P < 0.005. PAST (2.17) was
used to make all of the diversity calculations for
this study [51].
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2
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2
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#&  cyst type, & & #
! #&, !#%$& &$, !#%$#
$, #!!$ spp., and #%& spp.,
were recorded at most stations. %( &
 , !#%$ % #,  )# $   ,
#% $)%#&, #%&
# , & $!., # % !#&
#&, !!( "&%, and
&
#& $!. showed very limited distributions in
the study area.
The dinoflagellate cyst concentration ranged
between 15 and 144 cysts g–1 dws. The highest
concentration was observed at station 1 and the
lowest concentration was recorded at station 3. The
total autotrophic cyst concentration was observed to
be high at all of the stations. In the study area, the
autotrophic cyst concentration was observed as 124
cysts g–1 dws, whereas the maximum heterotrophic
cyst concentration was 37 cysts g–1 dws. 
# ! #&,  & &$, and #%
&spp., respectively,were the most abundant cysts
in the study area. According to the Shannon Weiner

$%'&%

<-59=5D1The sediment grain sizes were analyzed and the results are given in Table 1. Muddy
sediments were found at stations 1 through 4, while
stations 5 and 6 had a high percentage of sand. The
maximum sand percentage was determined as
67.32% at station 6 and the minimum sand content
was determined as 16.74% at station 1. The silt
content was observed as 49.94% at station 3, while
the lowest concentration was observed as 17.19% at
station 6. The rate of clay was found to be between
6.99% and 37.82% at stations 3 and 2, respectively.
59:27-3177->1 /C=> -==18.7-31= A total of
28 dinoflagellate cyst morphotypes were identified
from 6 surface sediment samples in Table 3. The
identified cysts were determined as 14 autotrophic
and 14 heterotrophic cysts. The cyst richness was
distributed unevenly at different sites at a range of
3–16 cysts (at stations 3 and 5, respectively). (
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flagellate resting cysts, including potentially toxic
species, in Iskenderun Bay, a critical area of the
northeastern Mediterranean subject to recurrent
harmful algal blooms and pollution. A total of 28
dinoflagellate cyst morphotypes were identified in
the present study. Most of the cyst taxa have been
reported from other Turkish coastal waters in the
previous studies [33–42]. Herein, # % !#&
#& cysts were recorded for the first time
from Iskenderun Bay in Turkish coastal waters.

diversity index, the maximum diversity was observed as 2.41 at station 5, while the minimum
diversity value was observed as 1.06 at station 3.
Using the Fisher’s alpha index, we calculated the
maximum diversity value as 5.58 at station 4,
whereas the minimum value was found as 1.13 at
station 3.
:<<17->5:9 .1>A119 /C=> -.?90-9/1 -90
=105819> 3<-59 =5D1 Pearson’s correlation results
between the number of dinoflagellate cysts, concentrations, and sediment grain sizes are given in Table
4. There was no significant correlation between the
sandy sediment and the dinoflagellate cyst concentration or number of dinoflagellate cysts. The silty
sediment was positively correlated with the total
autotrophic cyst concentration and number of total
cysts. A correlation was found between the clay
sediment and total number of cysts. The clay also
showed a significantly positive correlation with the
total heterotrophic cyst concentration and total cyst
concentration.

C=>-.?90-9/1-90/:9/19><->5:9/:8;-<
5=:9 >: :>41< 105>1<<-91-9 -<1-= Cyst assemblages, diversity, and concentration in Iskenderun
Bay compared to other Mediterranean areas is
shown in Table 5. The dinoflagellate cyst concentration ranged between 15 and 144 g–1 dws in the
study area. According to Table 5, the total cyst
number and concentration were much lower than in
other Mediterranean areas.  # ! #&, 
& &$, and #%& spp. were the most
abundant cyst taxa in the Iskenderun Bay. The cyst
assemblages of the bay showed similarities with
other Mediterranean cyst assemblages, especially
those in Izmir Bay (Turkey) [37], and a study from
the Mediterranean Sea reported by Elshanawayn et
al. [29]. The autotrophic cyst concentrations were
observed to be higher than the heterotrophic cyst

%'%%"!
To the best of our knowledge, this is the first
study that examines the assemblages of recent dino-

& 
#1-<=:9F=/:<<17->5:9@-7?1=.1>A119=:81:2>41/C=>>-B--90=105819>3<-59=5D1
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a

Total autotrophic cyst number, bTotal heterorophic cyst number, cTotal cyst number, dTotal autotrophic cyst concentration,
e
Total heterotrophic cyst concentration, fTotal cyst concentration

&
:8;-<5=:9:2>41>:>-7/C=>9?8.1</C=>/:9/19><->5:9<-9313E 0A=-908:=>-.?90-9>/C=>>-B-
A5>4:>41< 105>1<<-91-9<135:9=
<1Iskenderun Bay, Turkey
İzmir Bay, Turkey
Aliaga and Nemrut
Bay (together)
Thermaikos
Gulf,
Greece
Bizerte Lagoon, Tunisia
Syracuse Bay, Italy
Alexandria
Harbor,
Egypt
Mediterranean Sea

&!15

&. 
15-144

$121<19/1=
Present study

389-9944
11-2543

/
 # ! #&,  & &$, #%
&spp.
 #, # ! #&, & &$
 #%)! # ! #&

42
42
36

385-5718

#!!$ spp., $%%&, "&%

Giannakourou et al. [4]

48

1276-20126

$!(, round brown cyst, $! $&

34
26

43-828
138-1296

33

57-929

&%&  # # ! #&
# % !#& spp., (#& spp.,
! !$$ spp.,
!&
spp.,
!#%$
spp.,
#%& spp.,

Fertouna-Bellakhal et al.
[30]
Rubino et al. [25]
Ismael et al. [52]

a

Total cyst number, bTotal cyst concentration range, cMost abundant cyst taxa

1360

Aydın et al. [37]
Aydin et al. [38]

Elshanawayn et al. [29]

%$

" &   









 " #!"!


The average sea surface temperature in the study
area was recorded between 15.4 and 30.5 °C, and
the salinity was between 34.8 and 39.2 ‰ [43, 53,
55]. Some impacts from pollution sources (such as
agricultural, industrial, and nutrient input from
rivers) were also reported in the bay [13, 57–61].
Eutrophication in the bay has been observed and
pointed out as a contrast of the open sea Mediterranean. Polat measured the highest mean phosphate
value as 0.93 µM and nitrite+nitrate 3.66 µM in the
bay [55]. Dinoflagellate cysts are commonly used
as a proxy of environmental changes. & &$
(in the  # $&$ group) is distributed within a
broad temperature and salinity range, and has a
cosmopolitan distribution [22]. Furthermore, the
highest relative abundance was found from the
mesotrophic to eutrophic area, which can be characterized by an upwelling or a well-mixed surface
water layer. #%& spp. can be considered
as a cosmopolitan species, but there have been
some studies which reported that the cyst abundance might depend on food preferences in the
world’s oceans [23]. Phytoplankton studies have
shown that diatom species are more abundant in the
bay; hence, protoperidinoid cyst abundance might
be relatively linked to this food source.  ! )
#& has been known as a eutrophication indicator, and distribution of the species has a broad range
in marine environments [22]. Therefore, the highabundance of cyst species is likely close to the
distribution and abundance of other world oceans.
Although assemblages and distribution of dinoflagellate cyst species in the area may be slightly compatible with their ecological needs, it is difficult to
find dinoflagellate cysts and an environmental connection due to the lack of real-time environmental
data.


"!'%"!

concentrations in the Iskenderun Bay. This result
was similar to results reported from Syracuse Bay
(Italy), Thermaikos Gulf (Greece), Izmir Bay (Turkey), and the Mediterranean Sea [4, 25, 29, 37, 38].
In contrast, the heterotrophic cyst concentration was
reported to be higher than the autotrophic cyst concentration from Bizerte Lagoon (Tunisia) and Alexandria Harbor (Egypt) in the other Mediterranean
areas [30, 52].
:8;-<5=:9 .1>A119 /C=> -==18.7-31= 59
>41 =105819> -90 059:27-3177->1 =;1/51= 59 >41
A->1< /:7?89. The phytoplankton composition in
the Iskenderun Bay has been studied previously by
several researchers [16, 43, 44, 53–56,]. Bacillariophyceae was reported as being superior to the
other classes in terms of diversity and abundance in
the bay and Dinophyceae was the second important
class after Bacillariaphyceae in terms of species
distribution and abundance [53, 55, 56]. It was also
reported that #%& spp. was most abundant
among dinoflagellate species in the bay [44, 53, 55,
56]. As the studies have stated that dinoflagellate
species are in low abundance compared to the diatom abundance, the low cyst concentration in the
area might be a reflect of pelagic species compositions and abundance. Moreover, the most abundant
dinoflagellate species was reported as #%&
spp., in which no resting cyst production was
known. Aydin et al. also found a similar connection
and results in the Çanakkale Strait (Dardanelles),
where the low cyst concentration may be correlated
to low dinoflagellate species abundance in the water
column [39].
Polat et al. recorded )&($!#, 
& &! )#&, and #!!%#  
in the potentially harmful phytoplankton species list
in the Iskenderun Bay [17]. Moreover, Polat reported that in the water column, %#   and

)&( spp. were recorded at high levels in June
2005, which caused an increase in the dinoflagellate
species abundance in the bay [56]. These results
also highlighted a close correspondence between
the water column and sediments; as the main
bloom-forming species (  ! )#&,
)&(
spp., (#& spp., and #!!$ spp.), a
relative abundance was dominant in the sediments.

Turkish coastal waters include important areas
that can contribute to phytoplankton and dinoflagellate cyst studies. Iskenderun Bay is one of these
areas and phytoplankton studies are frequently
observed there. This study was the first to investigate dinoflagellate cysts from the northeastern
Mediterranean. The cyst assemblages and species
composition were similar to those of other studies
of Turkish coastal and Mediterranean areas, even
though a small number of samples were analyzed.
There was a significantly positive link between the
total cyst concentration and rate of clay in the sediment. The low cyst abundance in the study area
might be reflected in the water column, as previous
studies have supported that dinoflagellate species
were only a small part of the phytoplankton composition and abundance when compared to the diatoms. The Mediterranean Sea provides an important
perspective for dinoflagellate cyst studies with

9@5<:9819>-7 21->?<1= -90 059:27-3177->1
/C=>= -==18.7-31=. Iskenderun Bay is located on
the northern Levantine coast of Turkey. The vicinity of Iskenderun Bay includes the area towards
Mersin Bay and covers the largest continental shelf
in the eastern Mediterranean, with the exception of
the Nile Delta. Iskenderun Bay is affected by current systems prevailing in the northeastern Mediterranean, because of its connection through the wide
opening and by the regional and local winds [57].
Physicochemical features of the Iskenderun Bay
have been reported by several authors [43, 53, 55].
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regards to harmful blooms. The connection between
pelagic and benthic species assemblages suggests
that dinoflagellate cysts are an important component of this relationship in the world’s oceans. This
study provides the first dinoflagellate cyst data for
Iskenderun Bay and the northeastern Mediterranean
coast of Turkey. Further studies should be conducted to provide a better understanding of the dinoflagellate cyst distribution in this part of the northeastern Mediterranean.
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alkali region of Northeast China. The soil in the
study area is mainly carbonate saline soil, and its
salt composition consists mainly of NaHCO3. Such
soils are formed by the multi-field coupling effects
of the temperature field, the moisture field and the
material field [1-3]. As a special kind of soil, saline
soil can cause significant harm to engineering construction, such as salt dilatancy, frost dilatancy,
road pulping and subsidence, corrosion of building
foundations and so on. Therefore, it is very important to study the engineering properties and
influencing factors of saline soil.
Studies of saline soil began in the 1940s. During the first 40 years, the formation mechanism of
the salt was mainly discussed [4]. It was not until
the 1980s that the focus was transformed into the
study of the mechanical properties of saline soil [56]. El-Aal and Ahmed K. Abd studied the effect of
salinity of groundwater on the geotechnical properties of some Egyptian clays [7]. The dynamics of
soluble ions in the soils of a pinewood forest of the
Mediterranean coastal area in the Province of Ravenna, Italy, were evaluated [8]. Since the 1950s,
studies of saline soil began to be carried out in
China. First, the major distribution areas of saline
soil in China were investigated, evaluated, improved and utilised. The soil erosion characteristics
of ditch banks during reclamation of a saline/sodic
soil in a coastal region of China were also studied
[9-11]. Bing Hui and He Ping performed uniaxial
compressive strength experiments on saline loess
with different water and salt contents, and multiple
freeze/thaw cycles at room temperature. The experiments revealed changes to the stress–strain curve
and the failure mode of the saline loess [12]. The
saline soil of the Songnen Plain has always been
discussed from the point of view of the salinisation
mechanism. It is believed that the unreasonable use
of land resources triggered and increased the development of salinisation of the soil, thereby further
increasing the secondary salinisation [9]. The characteristics of the groundwater and its influence on
the interior salt-affected soil in the western section
of Jilin Province were studied based on the migration of groundwater and salt [13-15]. The causes of
secondary salinisation in the western section of Jilin
Province were analysed from the perspective of
environmental evolution [16-18]. It can be seen that
the research on the general mechanism has made

With the continuous implementation of the
water diversion project from the Nenjiang River to
Baicheng City, and under the effects of multi-field
coupling, slope failures occur frequently in the
water conveyance canals in the Zhenlai region. To
solve this problem, a large number of unconfined
compression strength tests under different moisture
contents, salt contents and numbers of freezing and
thawing cycles, as well as studies of the change in
the soil strength, have been conducted based on
long-term field observations. It is shown that the
saline soil in the study area has the behaviour of a
structural soil, in which the unconfined compression strength decreases with increasing moisture
content, and there is an inflection point of the
strength reduction rate (at a moisture content of
21.9%). With an increase in the salt content, the
strength of saline soil presents a fluctuating characteristic, which first decreases and then increases,
with a fluctuating inflection point (at a salt content
of 1.5%). With an increase in the number of freezing and thawing cycles, the strength of the saline
soil shows an exponential decaying trend. The unconfined compression strength becomes stable after
ten freezing and thawing cycles, and finally exhibits
a residual strength of ~110.0 kPa. These results
provide a reference for the stability evaluation of
subgrade slope engineering and water conservancy
slope engineering.
)' #$
Saline soil, Moisture content, Salt content, Freezing and
thawing cycle, Unconfined compression strength
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Saline soil is widely distributed all over the
world and is generally located on the surface of
soil, so its undesirable properties have a significant
influence on road engineering and structural foundations. Zhenlai County is located in the western
section of the Songnen Plain in Jilin Province, China. Scientific studies have been carried out in this
area and have indicated that the study area belongs
to the semi-humid and semi-arid low-lying saline
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soil samples showed good regularity with increasing depth [32-35], and all of the above parameters
changed clearly at a depth of 40–50 cm. Thus, this
soil layer was selected as the study object to analyse and evaluate its properties.

substantial achievements.
To date, studies of the mechanical properties
of soil have also made some progress. The salt
content has adverse effects on the properties of soil,
such as reducing its strength, changing its freezing
point and so on [19-22]. The combined effect of
clay, moisture content and the number of freezethaw cycles on the behaviour of remoulded unsaturated soils was studied [23-25]. The mechanical
behaviour of different kinds of soil has also been
studied by experiments [26-30]. Most previous
works only studied the effects of different factors
on soil mechanical properties, but there are few
studies on the comprehensive effects of various
factors on soil mechanical properties.
In the Songnen Plain, such studies are still in
the primary stage. As a result of the existence of
both dispersive and saline soil, and with the different temperatures and moisture conditions, the stability of the slopes has great potential to become a
safety hazard [31]. To solve this problem, our team
conducted a long-term field observation of the
temperature, humidity and material composition in
the study area and conducted a large number of
unconfined compression strength tests under different moisture contents, salt contents and numbers of
freezing and thawing cycles. Through this longterm monitoring and laboratory test data, the changing characteristics of saline soil and the mechanical
effect of saline soil in the Zhenlai region were analysed and evaluated. This study not only expounds
the influence of three factors on the mechanical
properties of saline soil, but also explores the difference in the change rate of the mechanical properties, finds the inflection point of the change of
properties and analyses the influencing mechanism.

+;3- 8:78/:<3/; 70 <2/ ;734 In this study,
Zhenlai County is the main study area. The coordinates of the sampling site are N45°59′41.62″,
E123°13′46.88″, and the sampling site is shown in
Fig. 1.
The surface soil in the sampling site is greywhite, and changes from brownish-yellow to yellowish-brown as the depth increases. The characteristics of loessial soil in Northeast China appear
below a depth of 2 m. There are root channels and
wormholes filled with sandy soil, and “garlic-like
soil” can be seen within the frozen layer. The moisture content, density and soluble salt content of the
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The natural density of the study soil is 1.59
g/cm3 and the natural moisture content is 14.5%.
The total soluble salt content is 0.4515% and the
proportion of each component is shown in Fig. 2. It
can be seen from Fig. 2 that the salt composition
consists mainly of NaHCO3. Therefore, the influence of NaHCO3 on the properties of saline soil was
mainly studied. The basic property parameters were
obtained through laboratory tests, as shown in Table 1. Figure 3 shows the granularmetric composition of the soil samples.
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ρ (g/cm3)

Natural moisture
content
ω (%)

Maximum dry
density
ρd (g/cm3)

Optimum
moisture content
ωop (%)

Liquid
limit
ωL (%)

Plastic
limit
ωP (%)

Plasticity
index
IP

1.59

14.5

1.74

20

32.4

18.5

13.6

Natural density
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Influence factors
Moisture content
Salt content
Number of freezing and
thawing cycles
Compactness

Experiment 1
16%, 18%, 20%, 22%,
24%

Experiment 2

Experiment 3

20%

20%

0.4515%

0.0%, 0.3%, 1.0%, 1.5%,
2.0%

0.4515%

0

0

0, 1, 3, 5, 10, 30, 60

90%

90%

90%

@8/:35/6<+4 5/<27. +6. :/;=4<; The
moisture content of the soil in the study area is low,
ranging from 18.0–22.0%, and the optimum moisture content is 20.0%. Based on the long-term observations combined with previous research results
[31, 35], moisture contents of 16%, 18%, 20%,
22% and 24%, and salt contents (NaHCO3) of
0.0%, 0.3%, 1.0%, 1.5% and 2.0%, were selected to
study the strength of saline soil. The number of
freezing and thawing cycles was determined according to the changes in temperature in the Zhenlai
region. A complete freezing and thawing cycle
consists of reducing the temperature of the soil
sample to -20  for 12 h, and then thawing at a
temperature of +20 , for 12 h (Fig. 4). According
to the results of previous research [31,35] and the
relevant literature, the change in soil strength tends
to be stabilised gradually after 3–7 freezing and
thawing cycles. Thus, 0, 1, 3, 5, 10, 30 and 60 cycles of freezing and thawing were used in this
study. Since we study the change of unconfined
compressive strength of soil after freezing-thawing,
and the deformation generated by freezing-thawing
can be reflected in the change of strength, we do
not control the deformation generated during freezing-thawing. A compactness value of 90% was
selected for all samples.
While preparing samples, the air-dried soil
was first milled through 2 mm sieves. For each
specimen, the weights of the dried soil, NaHCO3
and distilled water were determined according to
the standard method for soil tests. The weighed soil
was placed on a large porcelain plate, and the soil

was evenly sprayed with the weighed amount of
distilled water or mixed saline water. Then, the soil
was placed into a humidor for 24 h. Finally, the
layered soil compaction method was used to prepare cylindrical specimens with a 90% degree of
compaction, a diameter of 3.91 cm and a height of 8
cm for the unconfined compressive strength test.

&# 
://B/<2+?-3:-=4+<376,7@



To investigate the influence that the different
factors had on the mechanical properties of saline
soil, the control variable method was used to test
the unconfined compressive strength of the soil
samples. For the moisture content (16%, 18%, 22%
and 24%), the initial salt content (0.4515%) was
used, and no freezing and thawing cycles were
conducted. For the salt content (0.0%, 0.3%, 1.0%,
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and show features of brittle failure. When the
moisture content reaches 22%, the stress-strain
curve of the saline soil begins to change to the
strain-hardening type, and the failure form gradually changes to ductile failure. The compressive stress
increases slowly with the increase of the axial
strain, the peak strength is not obvious, there is a
change interval, and then the curve declines slowly
such that the decline rate of stress is slower. After
the moisture content reaches 24%, the stress-strain
curve has no obvious peak value. This curve is the
strain-hardening type and shows features of ductile
failure.
The unconfined compressive strength test of
soil samples with different salt contents shown in
Fig. 5(c) shows that the stress-strain curves of different salt contents are all the strain-softening type
and show features of brittle failure. The difference
in salt content has little effect on the stress-strain
curves.
In the unconfined compressive strength test of
soil samples with different cycles of freezing and
thawing shown in Fig. 5(d), under the condition of
no freezing and thawing cycles, the stress-strain
curves are the strain-softening type and show features of brittle failure. After freezing and thawing
cycles, the stress-strain curves began to change
from the strain-softening to the strain-hardening
type with the increasing numbers of freezing and
thawing cycles.

1.5% and 2.0%), the optimum moisture content
(20%) was used, with no freezing and thawing
cycles. For the number of freezing and thawing
cycles (0, 1, 3, 5, 10, 30 and 60 times), the initial
salt content (0.4515%) and optimum moisture content (20%) were used. The degree of compaction of
all samples was 90%. The experiment design is
shown in Table 2.
An unconfined compressive strength test of
undisturbed and remoulded soil was conducted
(moisture content of 20%, salt content of 0.4515%
and compaction degree of 90%). As shown in Fig.
5(a), the stress-strain curves of both samples are the
strain-softening type and show features of brittle
failure. However, there are several differences.
Different from the general structural soil, the peak
strength (103.1 kPa) of the undisturbed soil is lower
than that of remoulded soil (112.3 kPa). There is an
obvious structural yield strength (~81.0 kPa) of the
undisturbed soil, and the axial strain increases rapidly after the stress reaches the yield stress, lasting
until sample failure, but the yield behaviour of
remoulded soil is not obvious. After failure, the
stress on the undisturbed soil decreases sharply
with an increase in the strain, but the decline rate of
the remoulded soil stress is slower.
An unconfined compressive strength test of
soil samples with different moisture contents was
also conducted. As shown in Fig. 5(b), when the
water content is lower (16–20%), the stress-strain
curves of the saline soil are the strain-softening type

+&6.3;<=:,/.+6.:/57=4./.;+584/;
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6+4A;3;+6..3;-=;;376It can be seen from
the unconfined compressive strength curves of the
undisturbed and remoulded samples (Fig. 5(a)) that
the unconfined compressive strength of the undisturbed soil is 103.1 kPa, while that of the remoulded soil is 112.3 kPa. The degree of sensitivity is
0.92, which is different from that of general structural soil. The structural yield strength of the undisturbed soil is significant. There are many fractures
in the saline soil in the Zhenlai region that form the
“garlic-like soil” observed in the study area, which
is cracked soil. The large number of cracks form
weak structural planes in different directions, causing the formation of polyhedral prisms in the soil.
Therefore, the soil mass is easily damaged along
the weak structural planes under the action of external force. The samples, after the unconfined
compressive strength test, further illustrate this
phenomenon. Large cracks appear along the sand
column, leading to the brittle failure of the soil (Fig.
6(a)). However, the remoulded sample is uniform
due to the destruction of the weak structural planes.
There are no cracks in the soil sample, so there is
only a slight bulging phenomenon when the failure
occurred (Fig. 6(b)).

the soil strength. When the moisture content is
higher than the optimal moisture content (20–24%),
the strength reduction rate increases significantly
(71.21%).
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The optimum moisture content of the soil
samples is 20%, and the plastic limit is ~18.5%. It
can be seen from Fig. 7(a) that the inflection point
where the strength reduction rate increases obviously is near the moisture content of 21.5% (10% more
than the optimal moisture content and 10–20%
more than the plastic limit). At this point, the
strength of the sample begins to show a rapid
downward trend, and the damage ratio to strength is
large, which significantly affects the stability of the
soil slope. Analysing the consistency state of the
soil, with an increase in the moisture content, the
thickness of the bound water film on the surface of
the soil particles thickens. This means that when the
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The moisture content is the main factor that
affects the soil strength. With an increase in the
moisture content, the unconfined compressive
strength values of the samples decrease, as shown
in Fig. 7(a). When the moisture content is lower
than the optimal moisture content (16–20%), the
strength reduction rate is relatively small (18.76%),
which illustrates that water has a small influence on
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Moisture content ω (%)
16
18
20
21.5
21.9
22
24

Plastic limit ωP (%)
18.5
18.5
18.5
18.5
18.5
18.5
18.5



Plasticity index IP
13.6
13.6
13.6
13.6
13.6
13.6
13.6
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Liquidity index IL
-0.18
-0.04
0.11
0.22
0.25
0.26
0.40

Consistency state
Hard
Hard
Hard plastic
Hard plastic
Hard plastic-plastic
Plastic
Plastic
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mainly Na2CO3 and NaHCO3. With an increase in
the salt content, the bound water film thickens with
the increase of the Na+ ions, the connecting force
between the soil particles weakens, and the strength
of the soil thus decreases slightly. If the composition of the soil remains unchanged, i.e., if the thermodynamic potential of the soil remains unchanged, with an increase in the ion concentration,
the ion concentration has a greater impact on the
thickness of bound water film than the ion composition. Therefore, the bound water film thins with
increasing salt content, and there are some ions
precipitating, which improves the connection
strength of soil. Therefore, the unconfined compression strength of the soil first decreases and then
increases, and there is a fluctuating inflection point
(when the salt content is 1.5%) (Fig. 8(b)). This is
consistent with the results of our discussion on the
relationship between the change in the strength and
the salt content of saline soil in the west of Jilin
[32].

moisture content reaches the limit between hard
plastic and the plastic state (liquidity index IL=
0.25) [31], the joint between the soil particles transforms from one of strongly bound water into one of
loosely bound water, and the strength of the soil
decreases. It can be seen from Table 3 and Fig. 7(b)
that the limiting moisture content of soil from hard
plastic to a plastic state is 21.9%, which is basically
consistent with the inflection point (21.5%) in Fig.
7(a). Therefore, the moisture content near this inflection point is the limit where the soil strength
decreases significantly. If the moisture content
reaches this limit value, the stability of the soil
slope is in a dangerous state.
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The change of salt content has little effect on
the stress-strain curves (Fig. 5(c)). The stress-strain
curves of the soil samples with different salt contents are all the strain-softening type and show
features of brittle failure. With an increase in the
salt content, the compressive stress will reach a
maximum under greater axial strain. The unconfined compression strength of saline soil presents a
fluctuating characteristic with an increase in the salt
content (Fig. 8). When the salt content is lower
(0.3–1.5%), the unconfined compressive strength
values decrease with an increase in salt content, but
when the salt content is higher (more than 1.5%),
the unconfined compressive strength values increase gradually with an increasing salt content
(Fig. 8(a)). The soluble salts in the study area are
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The number of freezing and thawing cycles influences the soil strength. As shown in Fig. 9(a), the
unconfined compressive strength of the original
sample is greatly reduced after the first freezing and
thawing cycle, and it then decreases gradually with
an increase in the number of freezing and thawing
cycles. The change of strength tends to be gradual
after 10 cycles of freezing and thawing, and shows
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a general trend of exponential decay. After the first
freezing and thawing cycle, the cracks in the soil
are developed to a certain extent, which causes the
structural strength of the soil to become weaker.
With the increase of the number of freezing and
thawing cycles (60 times was the most in this
study), the structural strength of saline soil tends to
have a stable residual value. This is mainly due to
the partial freezing of the weakly bound water film
between soil particles at low temperature: the
growth of ice crystals produces a tangential wedge
pressure on the soil particles that destroys the interparticle bonding and causes cracks to appear,
thereby causing the strength to decrease. Then,
because of the thawing action, part of the strength
of the soil can be restored. The combination of the
two natural actions cause some damage to the structural strength of saline soil, but there is still a stable
freezing and thawing residual strength (~110.0 kPa
in this study), as shown in Fig. 9(b). These results
indicate that the damage caused by freezing and
thawing cycles is serious.
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(1) The unconfined compressive strength test
of the undisturbed soil and remoulded soil shows
that the soil in the study area is a structural soil, and
there are many cracks in the soil mass, which lead
to low soil strength and poor slope stability.
(2) The moisture content, salt content and the
number of freezing and thawing cycles have a
strong influence on the compressive strength of
saline soil, and because of the different compositions of soil, there should be different limiting values of the moisture content and salt content in different soils that change their strength significantly.
(3) The saline soil in the area west of Jilin is
mainly soda alkaline soil, but because the salt composition is complex, the strength of this soil is easily degraded, especially under the action of water.
The slope stability is poor, so it should be treated
with caution in engineering.
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repeating in eukaryotic genomes independent from
the locus in genome [2, 3]. ISSR markers are an
effective method that may be applied on many
plants in the determination of genetic diversity, in
phylogenetic studies [4]. Artificial intelligence is
the ability of a computer or a robot under the control of a computer to fulfill various activities similar
to intelligent living beings [5].
In recent years, it is evident that artificial intelligence methods have an increasing rate of usage in
the agricultural field. Artificial neural networks are
used for purposes such as classification, clustering,
functional approach estimation [6]. Fuzzy logic is a
branch that is based on thinking like a human and
that is processing by transforming these into mathematical functions [7]. Fuzzy logic allows decision
making in cases of uncertainty; it is used in line
with different purposes such as classification of
data. [8]. Pazoki et al., used two different artificial
neural networks to classify the grains of rice grown
in 5 different environments in Iran and the classification was considered in terms of 11 morphological
properties and 4 different shape factors. The results
showed that MLP and Neuro Fuzzy methods could
be used in the classification of rice grains [9].
Zhang et al. used fuzzy logic to estimate suitable
planting regions for a healing herb in danger of
extinction in China; and they determined fuzzy
logic was suitable for such estimation and the habitat may be protected by determining suitable planting areas [10].
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Olive producing countries grow olives belonging to the subtype of        (cultivated type olive) in  variety and a vast diversity of varieties are available. Olive agriculture is
present in the Black Sea, Marmara, Aegean, Mediterranean and Southeastern Anatolia regions, starting from the north in Turkey.
The values obtained by using 7 ISSR primers
on 13 cultivated type olives, Edremit, Gemlik, Domat, Uslu, Cilli, Esek, Kaba, Cekiste Nazilli, Memecik, Tavsan Yüregi, Halhalı, Manzanilla, Cekiste
Bozdogan, which are included in this diversity of
varieties spread to a wide ecology, were modeled
using Artificial Neural Networks and Fuzzy Logic,
being the branches of artificial intelligence, and the
applicability of results were studied.
In this study, ISSR primers were used on different cultivated type olives with economic importance and the applicability of results in estimation were studied through artificial neural networks
and fuzzy logic artificial intelligence techniques.


(' "#
Cultivated Type Olives, ISSR, Artificial Neural Networks, Fuzzy Logic.
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Olive is one of the first trees that were cultivated on earth. It is known that it has been grown
for thousands of years in Asia Minor, which is
today called Anatolia. Olive consumption had a
rapid increase in the world in recent years and it has
become a much more valuable product having
learned that olive and olive oil has a protective
property against heart diseases [1].
In this context, estimating the genetic diversity
of a plant with such an increase in demand is very
important. In just this direction, genetic markers are
used and one of the principal markers is ISSR
markers. ISSR is a method that is based on random
distribution of nucleotide units such as 2, 3, 4, 5

DNA extraction thirteen cultivated type olives
were obtained from Izmir, Aydın, Manisa, Isparta,
Sanlıurfa Provinces (Table 1). DNAs of all samples
were isolated by the Doyle and Doyle method [11,
12] with minor modifications. Plant tissues were
powderized with liquid nitrogen in a mortar.
Ground tissues were immediately transferred to 1.5
mL Eppendorf tubes, 700 µL preheated CTAB
(Cetyl trimethylammonium bromide) extraction
buffer (2% CTAB, 20 mmol/L EDTA (Ethylenediaminetetraacetic acid), 1.4 mol/L NaCl, 100
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determined based on the melting temperatures of
ISSR primers. The amplification reactions of ISSR
were carried out following these steps: Initial denaturation at 94 °C for 5 min; followed by 45 cycles
at 94 °C for 30 sec, 52 °C for 45 sec., and 72 °C for
2 min, and final extension at 72 C for 5 min. Table
2 shows the properties of ISSR primers [14]. Tubes
with PCR reagents without genomic DNA were
used as controls. The PCRs were also carried out as
duplicates for controlling the reproducibility of
primers, only scorable bands were used in data
analysis. Agarose-gel-electrophoresis was performed for segregation of DNA fragments that were
reproduced following the PCR. Electrophoresis was
performed in 1 X TBE buffer with 1.2% agarose gel
for ISSR products. Ethidium bromide was used for
DNA staining, and added to gel.
Artificial neural networks (ANN) were modeled as 7 inputs and 1 output. Molecular sizes of
bands obtained through ISSR markers were used as
input data. Olive types were considered as output
information. MATLAB R2016a software [15] was
used in the modeling of artificial neural networks;
whereas, Feed Forward Back Propagation was used
as learning algorithm.

mmol/L Tris-HCl pH 8.0, 2% mercaptoethanol)
added and mixed several times by gentle inversions.
Samples with CTAB buffer were incubated for 30
min in 65 °C. Tubes were mixed by inversions
every 5 min. Tubes were removed from the water
bath, left to cool down and then added to 700 µl of
cold chloroform:isoamyl alcohol (24:1). Tubes
were spun for 10 min at 10.000 rpm/min in a refrigerated centrifuge (Nuve 1200 R, Izmir, Turkey).
Supernatants were poured into new tubes; 600 µl of
cold chloroform:isoamyl alcohol (24:1) was added
and mixed by gentle inversions for 5 min. Samples
were spun for 10 min at 10.000 r/min again and
supernatants were transferred to fresh tubes including 10 M ammonium acetate and 3 M sodium acetate; 500 µl cold isopropanol was added and mixed
by shaking very gently for DNA precipitation. Precipitated DNA was removed with pipette and
washed with 70% ethanol. DNA samples were
dried and re-suspended in EDTA and RNAase was
added [11, 12].

 9=*6<2/2,*<276 Following the isolation
of DNAs of spectrophotometric method was used in
the determination of DNA quantities. Spectrophotometric analyses were performed in Thermo Unicam Helios Gamma spectrophotometer (Thermo
Fisher Scientific, Waltham, MA, ABD). The DNA
quality and quantity was calculated by their optical
density values at 260 and 280 nm. Optical density
ratios were evaluated and good quality DNA samples were used in PCR [13].

$1.!"*6-.44.,<:7817:.;2;Olive
samples were put in an Eppendorf tube and kept in
deep-freezer before the PCR process. Then, PCRs
of samples were performed with ISSR primers.
ISSR amplification reactions were carried out in 25
µl volume containing 25 ng DNA, 4 µl primer, 2.5
µl PCR buffer, 2 µl dNTP stock, and 0.5 µl Taq
DNA polymerase. Annealing temperatures were
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Fuzzy logic modeling was also composes of 7
inputs and 1 output as it is with ANN. Molecular
sizes of bands obtained through ISSR markers were
considered as input data and olive types were considered as output data. In fuzzy logic modeling,
Matlab R2016a [15] software, fuzzy library were
used.

:<2/2,2*4.=:*4
.<?7:3;
3
Random
Tansig
8-8,10-2

*<* *6*4A;2; ANN, Input and output data
were normalized and training and testing was performed. Molecular weights in the data set were used
as input parameters. Olive varieties were used as
exit parameters. The structure and parameters of
ANN are shown in Table 4.

Backpropagation
0.8
1e-10
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The system formed in fuzzy logic modeling is
shown in Figure 1. Membership functions, lower
and upper limits of input and output variables are
provided in Figure 2. Membership functions were
formed through trials. Different membership functions were tried and most suitable one was used.
Fuzzy rules table consists of 33 rules. This table was developed based on the values in data set
and the rules were determined after identifying the
lower and upper limits of input and output values
affecting the model. Molecular weights of bands

were considered while forming the table of rules. A
section of such table of rules is shown in Figure 3.
"#%$##%## 
The training and test results graph obtained
from artificial neural networks is shown in Figure
4.
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Different parameters were used to try improving the estimation capability of ANN (number of
layers, number of neurons in layers, training function of network, error rate). Those parameters
providing the most suitable result were accepted as
the training parameter of network. It has been observed that ANN (Artificial Neural Network) estimated olive types accurately at a rate of 94% at the
end of modeling. Ruanet et al. (2005) used ANN to

compare the images obtained following the electrophoresis of RAPD and ISSR markers in   
variety and developed the dendrograms from binary
data as a result of electrophoresis (1: Band present,
2: Band absent). They mentioned that ANN and
dendrograms showed similarity of more than 90%
and ANN may be useful in the examination of
problematic image (high noise) [16].
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cordingly, artificial neural networks and fuzzy logic
modeling applications performed by using the molecular weights of bands obtained with ISSR markers on olive types show the practicability of olive
type estimations. When the results obtained from
artificial neural networks and fuzzy logic are compared, it was determined that fuzzy logic could
estimate the olive types more accurately than the
artificial neural networks based on the data set in
hand and our modelings. In conclusion, this study is
a step in terms of determining as to which estimation method would be more on the point by making
developing new predictions through different artificial intelligence models in further studies with
ISSR markers. Through artificial neural networks
and fuzzy logic estimation in agriculture, it will
also be possible to grow the correct olive types in
the correct environment in the future.

The results of examination performed through
fuzzy logic are shown in Figure 5 and Figure 6.
Based on the results obtained, it was determined
that the olive type estimations performed by using
the molecular weights of bands obtained through
the use of ISSR primers could be determined approximately through fuzzy logic. In accordance
with the random test input data shown in Figure 5,
1.31 value was obtained and this result was close to
Edremit olives as olive type no. 1 in our fuzzy logic
modeling; and therefore, it was determined that the
olive type we estimated based on the test data could
be Edremit olives.
The result expected to be based on the input
data in Figure 6 is Domat olives as the olive type
no. 3. The result obtained from the system modeled
through fuzzy logic is 2.87. This value gave a result
close to Domat olives as the olive type no. 3 in
fuzzy logic model; therefore, this shows that the
type may be Domat olives. Figure 7 shows the
graph of test results performed through fuzzy logic.
Fuzzy logic made 98% accurate estimation based
on the accuracy rate of R2. It has been determined
that the estimated data was close to the trial results.
When the model obtained with Fuzzy logic was
compared with the model obtained with ANN, it
was determined that the estimations made with
fuzzy logic were more to the point. In conclusion, it
was determined that those models developed may
be used in cases such as making predictions with
regards to olive varieties using ISSR markers on
cultivated type olives.
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It is observed that the test results of this study
performed for the estimation of olive types through
artificial neural networks and Fuzzy logic modeling
gave values close to the expected olive types. Ac-
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peratures during the summer period, leading to
extreme growth of vegetable seedlings and therefore producing tall but low quality seedlings [2]. In
terms of seedling quality; seedling industry is employing new production techniques and treatments
to meet parameters such as plant size, leaf stalk
length, leaf quantity, node quantity, internode distance, body thickness, root quantity etc. Therefore,
a significant amount of studies have been conducted
recently on the issue of slowing-down plant growth.
In these studies trying to exert a chemical size control for plants both during the seedling period and
also during the latter growing stages, the generally
used chemical substances are prohexadione-calcium
(Pro-Ca), paclobutrazol [3], (2-chloroethyl)trimethyl ammonium-chloride also known as
chlormequat chloride, uniconazole, ethephon, abscisic acid, flurprimidol, ancymidoletc. It has been
observed that these chemicals are effective on controlling the growth and shoot extension of both
single year and multiyear plants [4, 5]. Among
these chemicals used for plant growth control, ProCa is a prevailing one as it stays in the plant for a
short period of time and has very few unwanted
side effects on plants [5, 6].
The objective of this study is to determine the
effects of plant development retarder prohexadionecalcium and composed fertilizers used in tomato
seedling production on seedling quality. It has been
aimed to determine the best fertilizer treatment for
the seedling growth effect on tomato and the optimum dosage for plant growth retarder.
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Extreme growth of seedlings and the environmental adaptation-related issues during transplantation are serious problems in vegetable growing. In
this study, the effects on seedling growth and quality of applying Prohexadione-Calcium (Pro-Ca) and
different fertilizer dosages in Melis F1 tomato variety have been examined. In the study, 3 different
fertilizer dosages, optimum dosage, 50% reduced
and 50% increased dosage, and also 5 different (0,
30, 60, 90, 120 mg-1) Pro-Ca dosages have been
applied to Melis F1 tomato variety. According to
the study findings, it has been observed that the
application of Pro-Ca dosages, other than with NPK
fertilizers, has particularly slowed down extreme
growth in measured parameters of tomato seedlings,
and the use of NPK fertilizer applications with ProCa has reduced the impact of Pro-Ca. Even though
Pro-Ca treatment prevents extreme growth of tomato plants, it did not have any significant impact on
the dry matter weight of the plants. All Pro-Ca
dosages have an effect on seedling growth, however
the results acquired in dosages lower than 120 ppm
have varied, therefore it has been decided to use the
Pro-Ca in 120 ppm dosage.

'&!"
Seedling maturity, Vegetable, Seedling, Tomato, Prohexadione-Calcium
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In case the plants are to be grown in field conditions or under-tunnel, it is important to mature the
seedlings before transplantation in order to make
sure that the seedlings can adapt to the relatively
cold and partially dry ambient and under-tunnel
conditions, when compared to the warm and humid
environment the seedlings are grown. Seedling
maturity is highly important in vegetable production, when increasing the dry matter amounts of
plants and prepares them to transplantation [1].
The leading problem encountered by producers in growing vegetables is the low temperature
during the winter and spring periods and high tem-

This study has been conducted at “Mersin Fide
Üretim ve Pazarlama” (Seedling Production and
Marketing) company’s seedling growing greenhouses and at the Alata Horticultural Research
Station Directorate laboratories. In the study, the
effects of Pro-Ca and nitrogen (N), phosphor (P)
and potassium (K) fertilizers on Melis F1 hybrid
tomato variety seedlings have been examined. The
optimum fertilizer dosages in fertilization of tomato
seedlings have been determined in accordance to
[7] (150:40:220 ppm NPK). By decreasing the
optimum fertilizer by 50% (75:20:110 ppm) and
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cc volume in the greenhouse. 1 seed has been planted into each section. Once seedlings grew and produced their actual leaves, they have been transferred
into new viols, by leaving gaps between them to
ensure no contact between the leaves. They have
been made ready to Prohexadione-calcium (Pro-Ca)
and fertilizer treatments.
Pro-Ca and fertilizers have been applied 2
weeks after seed planting. Pro-Ca treatment has
been applied once in the instructed dosages following of cotyledon leaves. Fertilizer treatment has
been for a total of 4 times with each irrigation. With
the purpose of determining the seedling development and seedling quality parameters of Pro-Ca and
fertilized treated and non-treated (control) tomato
seedlings, root and stem have been separated 35
days after seed planting and the below given measurements and analyses have been conducted. In 5
seedlings for each treatment, cotyledon length and
width(cm), hypocotyl length (cm), seedling
size(cm), node quantity (pcs), seedling stem diameter (mm), number of real leaves (pcs/plant), plant
internode (cm), leaf stalk length(cm), leaf
length(cm), leaf width(cm), seedling stem wet
weight(g),seedling stem dry weight(g), root wet
weight(g), root dry weight(g)have been defined.
The study has been based on randomized blocks
experimental design. In the study, fertilizer dosages
comprised the first and Prohexadione-calcium concentrations comprised the second factor. Treatments
have been held with 3 recurrences and each recurrence contained 30 plants.

increasing by 50% (225:60:330ppm), three different
fertilizer forms have been created and during the
trials the prepared fertilizer dosages have been
applied along with various dosages of Pro-Ca. calcium nitrate (Ca (NO3)) has been used as nitrogen
source, phosphoric acid (H3PO4) 85% has been used
as phosphor source and potassium sulphate (K2SO4)
has been used as potassium source. By using prohexadione-calcium, treatment concentrations have
been defined with 30-60-90-120 mg prohexadionecalcium for 1 lt of water. Pro-Ca and fertilizer
treatments have been made 2 weeks after planting
the seeds. Pro-Ca treatment has been made once in
the specified dosage when the cotyledon leaves
fully blossomed. All treatments have been applied
in the form of spraying. Fertilizer treatment has
been applied for a total of 4 times with each irrigation. The development retarders and application
dosages used in the study are given below.
Prohexadione-calcium and Fertilizer Dosages;
Control(0+0): Control(Fertilizer and Prohexadione-calcium not applied)
0+30 : 30 mg Prohexadione-calcium
0+60 : 60 mg Prohexadione-calcium
0+90 : 90 mg Prohexadione-calcium
0+120 : 120 mg Prohexadione-calcium
75N20P110K+0 : (75:20:110 ppm) N,P,K
150N40P220K+0 : (150:40:220 ppm) N,P,K
225N60P330K+0 : (225:60: 330 ppm) N,P,K
75N20P110K +30 : 30 mg Prohexadionecalcium + (75:20:110 ppm) N,P,K
150N40P220K +30 : 30 mg Prohexadionecalcium + (150:40:220 ppm) N,P,K
225N60P330K +30 : 30 mg Prohexadionecalcium + (225:60:330 ppm) N,P,K
75N20P110K +60 : 60 mg Prohexadionecalcium + (75:20:110 ppm) N,P,K
150N40P220K +60 : 60 mg Prohexadionecalcium + (150:40:220 ppm) N,P,K
225N60P330K+60 : 60 mg Prohexadionecalcium + (225:60:330 ppm) N,P,K
75N20P110K +90 : 90 mg Prohexadionecalcium + (75:20:110 ppm) N,P,K
150N40P220K +90 : 90 mg Prohexadionecalcium + (150:40:220 ppm) N,P,K
225N60P330K+90 : 90 mg Prohexadionecalcium + (225:60:330 ppm) N,P,K
75N20P110K +120 : 120 mg Prohexadionecalcium + (75:20:110 ppm) N,P,K
150N40P220K+120 :120 mg Prohexadionecalcium + (150:40:220 ppm) N,P,K
225N60P330K+120 : 120 mg Prohexadionecalcium + (225:60:330 ppm) N,P,K

!"$#""$""
It has been observed that Pro-Ca treatment has
a significant on cotyledon length and Pro-Ca treatments have significantly reduced cotyledon length.
The shortest cotyledon length has been found in
225N 60P 330K+120 treatment by 1.80 cm (Table
1).
The impact of the treatment on cotyledon
width was also significant, and Pro-Ca treatment
has significantly reduced the cotyledon width. The
narrowest cotyledon, by 5.80 cm, has been acquired
in the tomato seedlings where (0+120) Pro-Ca
treatment was at the highest dosage while N,P,K
was not applied at all (Table 1).
Pro-Ca and N,P,K treatments had impact on
hypocotyl length in varying levels and this impact
has been found to be statistically significant. Pro-Ca
treatments have significantly reduced hypocotyl
length. The shortest hypocotyl, 2.63 cm, has been
observed in 0+120 treatment where Pro-Ca was
applied on its own. Hypocotyl has been shortened
by 39.26% in comparison to control treatment (Table 1).

Works related to the seedling quality and plant
size control have been held in greenhouse.
On 08.01.2014, seeds have been planted to
128 viols containing 2:1:1 ratio of turf: vermiculite
and perlite mixture and has sections each with a 43
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# 
..-+:96.:8-):4-5:965+6:>3-,653-5/:0)5,=1,:00>76+6:>393-5/:0)5,9--,315/91?-
-8:131?-886)
7731+):165
0
75N20P110K
150N40P220K
225N60P330K
Pro-Ca Average
-8:131?-886)
#8-):4-5:
0
75N20P110K
150N40P220K
225N60P330K
Pro-Ca Average
-8:131?-886)
#8-):4-5:
0
75N20P110K
150N40P220K
225N60P330K
Pro-Ca Average
-8:131?-886)
#8-):4-5:
0
75N20P110K
150N40P220K
225N60P330K
Pro-Ca Average


2.67 ac
2.73 ab
2.07 ef
2.33 be
2.45

6:>3-,65-5/:0+4



2.43 ae
2.07 ef
2.40 ae
2.80 a
2.67 ac
2.53 ad
2.60 ac
2.27 ce
2.33 be
2.47 ae
2.13 df
1.80 f
2.58
2.29
2.27
6:>3-,65&1,:0+4




6.63 ef
6.57 ef
6.33 f
5.80 g
7.30 bd
7.20 cd
7.30 bd
7.30 bd
7.50 ac
7.43 ad
7.20 cd
7.13cd
7.13 cd
7.23 cd
6.97de
6.47 f
7.14
7.11
6.95
6.68
>76+6:>39-5/:0+4




3.23 d
3.17 d
3.13 d
2.63 e
3.97 ac
4.10 ac
4.10 ac
4.03 ac
3.97 ac
4.30 ab
4.13 ac
4.07 ac
4.27 ab
4.33 a
4.17 ac
3.93 bc
3.86
3.98
3.88
3.67
"--,315/"1?-+4




7.07 hı
7.83 fg
7.43 gh
6.43 ı
7.87 fg
9.00 bd
8.53 cf
8.73 ce
9.17 bc
8.03 eg
8.60 ce
8.74 ce
9.17 bc
9.13 bc
8.63 ce
8.40 df
8.32
8.50
8.30
8.08


2.60 ac
2.53 ad
2.60 ac
2.53 ad
2.57


7.40 ad
7.23 cd
7.73 ab
7.87 a
7.56

4.33 a
3.87 c
4.03 ac
4.17 ac
4.10

9.53 ab
9.13 bc
9.03 bd
10.23 a
9.48

-8:131?-8
<-8)/-
2.43
2.65
2.37
2.25
LSD(0.05) = 0.40
-8:131?-8
<-8)/-
6.55
7.27
7.40
7.13
LSD(0.05) = 0.48
-8:131?-8
<-8)/-
3.30
4.01
4.10
4.17
LSD(0.05) = 0.37
-8:131?-8
<-8)/-
7.66
8.65
8.71
9.11
LSD(0.05) = 0.70


# 
#0--..-+:96.:8-):4-5:9653-).9:)323-5/:03-).3-5/:0)5,=1,:05;4*-86.56,-9
-8:131?-886)
#8-):4-5:
0
75N20P110K
150N40P220K
225N60P330K
Pro-Ca Average
-8:131?-886)
#8-):4-5:
0
75N20P110K
150N40P220K
225N60P330K
Pro-Ca Average
-8:131?-886)
#8-):4-5:
0
75N20P110K
150N40P220K
225N60P330K
Pro-Ca Average
-8:131?-87731+):165
0
75N20P110K
150N40P220K
225N60P330K
LSD(0.05) = 0.090


2.67 ac
2.60 ad
2.53 be
2.83 a
2.66

3.13 a
2.80 be
3.10 ab
3.03 ac
3.02

3.60 a
2.77 bc
2.83 b
2.77 bc
2.99

-).":)32-5/:0+4




2.27 ef
2.37 df
2.23 fg
1.97 g
2.40 cf
2.50 bf
2.43 cf
2.33 df
2.77 ab
2.53 be
2.50 bf
2.37 df
2.60 ad
2.43 cf
2.33 df
2.33 df
2.51
2.46
2.37
2.25
-).-5/:0+4




2.70 df
2.43 fh
2.37 gh
2.17 h
2.60 eg
2.46 fh
2.63 dg
2.73 cf
2.87 ae
2.93 ad
2.70 df
2.80 be
2.90 ae
2.87 ae
2.93 ad
2.80 be
2.77
2.67
2.66
2.63
-).&1,:0+4




2.07 gh
2.17 eh
2.10 gh
1.87 h
2.27 dh
2.17 fh
2.23 dh
2.27 dh
2.63 be
2.37 cg
2.37 cg
2.57 bf
2.67 bd
2.67 bd
2.40 bg
2.30 dh
2.41
2.35
2.28
2.25
6,-97+9
86)#8-):4-5:
1.2 b
0
1.24 b
30
1.35 a
60
1.25 b
90
120
LSD (0.05) = 0.101

It has been observed that the impact of Pro-Ca
and N,P,K treatments on seedling length was also
statistically significant. The shortest seedlings have
been observed in 0+120 treatment by 6.43 cm,
where Pro-Ca has been applied on its own. Pro-Ca

-8:131?-8
<-8)/-
2.30
2.45
2.54
2.50
LSD(0.05) = 0.29
-8:131?-8
<-8)/-
2.56
2.64
2.88
2.91
LSD(0.05) = 0.31
-8:131?-8
<-8)/-
2.36
2.34
2.55
2.56
LSD(0.05) = 0.44
6,-97+9
1.43 a
1.26 b
1.25 b
1.25 b
1.13 c

treatments were highly important in size control of
seedlings and when compared to control treatment,
they reduced the seedling size by 37.14% (Table 1).
The treatments have created significant differences in terms of leaf stalk length. The shortest leaf
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stalk length of 1.97 cm has been observed in 0+120
treatment, where Pro-Ca has been applied on its
own (Table 2).
It has been determined that the applied treatments led to significant differences in leaf length.
As in the previous measurements the shortest leaves
have been determined in 0+120 treatment by 2.16
cm, where Pro-Ca has been applied on its own
(Table 2).
The differences in leaf width have been found
to be significant and the findings were in parallel to
other measurements. The smallest width was 1.86
cm and observed in 0+120 treatment, where Pro-Ca
has been applied on its own (Table 2).
Prevention of extreme growth of the seedlings
can be possible by ensuring internode distance is
short and the number of nodes is low. The impact of
the treatments on the number of nodes has been
found to be significant. The lowest number of nodes

has been acquired by 1.13 pieces in 0+120 Pro-Ca
treatment (Table 2).
It has been observed that the impact of Pro-Ca
and N,P,K treatments on seedling stem wet weight
is existent and significant. Similar to other measurements, the heaviest seedlings have observed in
control and only in N,P,K treatments, while the
lightest seedlings have been markedly observed in
Pro-Ca treatments only. This dosage of 0+120 ProCa treatment has increased the seedling wet weight
by 14.28% when compared to the treatment with
the highest weight. (Table 3).
The impact of the treatments on seedling dry
weight has been found to be statistically insignificant. Looking at the seedling trunk dry weight averages of the treatments, they display similarities to
trunk wet weight (in terms of decrease and increase). The lowest seedling stem dry weights have
been observed only in Pro-Ca treatments (Table 3).


# 
5:-8496..-8:131?-8:8-):4-5:9:0--..-+:96.:8-):4-5:9659--,315/9:-4=-:=-1/0:9--,315/9:-4,8>
=-1/0:866:=-:=-1/0:866:,8>=-1/0:
-8:131?-8
#8-):4-5:
0
75N20P110K
150N40P220K
225N60P330K

"--,315/":-4
&-:&-1/0:/
1.34 b
1.36 b
1.54 a
1.46 a

LSD(0.05) = 0.09
-8:131?-886)
#8-):4-5:
0
75N20P110K
150N40P220K
225N60P330K
Pro-Ca Average
-8:131?-886)
#8-):4-5:
0
75N20P110K
150N40P220K
225N60P330K
Pro-Ca Average


0.05
0.05
0.04
0.03
0.04

86)
"--,315/":-4
-8:131?-8
!66:&-:&-1/0:
7731+):165
&-:&-1/0:/
7731+):165
/
0
1.51 a
0
0.316 b
30
1.48 a
75N20P110K
0.309 b
60
1.45 ab
150N40P220K
0.320 b
90
1.36 bc
225N60P330K
0.388 a
120
1.32 bc
LSD(0.05) = 0.11
LSD(0.05) = 0.040
"--,315/":-48>&-1/0:/
-8:131?-8
<-8)/-
0
30
60
90
120
0.14
0.12
0.116
0.116
0.106
0.12
0.146
0.133
0.133
0.12
0.133
0.11
0.17
0.136
0.138
0.12
0.13
0.14
0.143
0.13
0.123
0.12
0.11
0.13
0.15
0.13
0.13
0.12
0.12
LSD(0.05) = N.S.
!66:8>&-1/0:/
-8:131?-8
<-8)/-




0.04
0.04
0.03
0.05
0.04
0.07
0.04
0.03
0.05
0.05
0.03
0.04
0.05
0.03
0.04
0.04
0.09
0.04
0.03
0.05
0.05
0.01
0.04
0.04
LSD(0.05) = N.S.

N.S.: Not Significant.


# 
5:-8496..-8:131?-8:8-):4-5:9:0--..-+:96.:0-:8-):4-5:9659--,315/9:-4,1)4-:-88-)35;4*-86.
3-)<-9,19:)5+-*-:=--59--,315/56,-
-8:131?-8
#8-):4-5:
0
75N20P110K
150N40P220K
225N60P330K

"--,":-41)
44
2.64 b
2.68 ab
2.68 b
2.76 a

LSD(0.05) = 0.08
-8:131?-886)
#8-):4-5:

0
2.40 cd
75N20P110K
2.93 ab
150N40P220K
2.73 bd
225N60P330K
2.73 bd
Pro-Ca Average
2.70

86)
"--,":-41)
#8-):4-5:
44
0
2.95 a
30
2.85 a
60
2.60 b
90
2.51 b
120
2.53 b
LSD (0.05) = 0.096
!-)35;4*-86.3-)<-97+9



2.33 de
2.33 de
1.93 ef
2.53 bd
2.66 bd
2.46 cd
2.53 bd
2.46 cd
2.40 cd
2.80 bc
2.66 bd
2.40 cd
2.55
2.53
2.30
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#8-):4-5:
3)5:6,-44
0
1.16 a
60
1.08 ab
30
1.00 b
90
0.97 b
120
0.81 c
LSD(0.05) = 0.155
-8:131?-8
<-8)/-

1.73 f
2.14
2.33 de
2.58
2.31 de
2.49
2.53 bd
2.62
2.23
LSD(0.05) = 0.42
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ages, on tomato fruit.
It has been observed that all Pro-Ca dosages
applied in this study led to significant reductions on
all the measured parameters of seedlings, excluding
stem thickness. However, considering the dry matter measurements of seedlings, it has been observed
that the impact of Pro-Ca treatments on total dry
matter was not significant [12]. Despite the fact that
Pro-Ca treatments have led to reductions in plant
sizes, this makes one think that the total vegetative
development of the plant was not reduced and it
directed the energy used by the plant to grow towards the horizontal growth of the plant, thus the
seedlings are comparatively shorter but at the same
time they are stronger and healthier [15], Therefore,
even though the Pro-Ca treatments did not significantly increased the dry matter weight in tomato
plant, they neither reduced the dry matter amount
[8, 12].
All Pro-Ca treatments applied in this study led
to a reduction in plant size, and the high dosage
treatments associated with dosage increase increased the shortening that occurred in plant size.
The impact of Pro-Ca treatments on productivity in
tomato has not been examined in this study, however it has been reported that Pro-Ca treatments applied in high dosages led to a decrease in productivity in eggplant. The same study reported that ProCa treatments in 50 mgL-1 dosage did not cause a
reduction in productivity and can be used safely
[13].
As in previous studies, this study has also concluded that NPK fertilizers applied together with
Pro-Ca generally reduce the effect of Pro-Ca [12].
In order to prevent the possible negative effects of
high-dosage Pro-Ca treatments on productivity, it
might be necessary to be careful in fertilization
made together with Pro-Ca. If the dosages of NPK
fertilizers are reduced, the high-dosage Pro-Ca
treatments may not be needed at all. Considering
that the low-dosage 15 mg L-1 [14] and 50 mg L 1
[13]. Pro-Ca treatments in particular can also yield
the desired results, the high-dosage treatments may
not be needed.
It is thought that Pro-Ca treatments divert the
energy used by the plant to grow into horizontal
development of the plant, without reducing the total
development of the plant. In conclusion, based on
all measured parameters it has been observed that
Pro-Ca treatments have significant suppressing
effects on plant development, excluding plant dry
weight. It has been observed that the effect increased in parallel to Pro-Ca dosage increase. It has
been observed that NPK fertilizer applied together
with Pro-Ca led to a decrease in the effect of ProCa. Therefore, in order to grow seedlings resistant
to environmental conditions, it may be necessary to
avoid the use of high-dosage NPK fertilizers together with Pro-Ca. When the low-dosages of ProCa are used solitarily, the growth of tomato plant

It has been observed that seedling root wet
weight is not affected by the Pro-Ca treatments but
is significantly affected by fertilizer treatments.
Again, when fertilizers and Pro-Ca are applied
together, the interaction between them was insignificant in terms of seedling root wet weight (Table 3).
It has been observed that the impact of the
treatments on seedling root dry weight is insignificant. In terms of root dry weight, no distinguishable
difference has been observed between the impacts
of N,P,K, Pro-Ca and control treatments (Table 3).
The impact of the treatments has been found to
be significant on seedling stem diameter too. The
smallest stem diameter has been acquired from 0
fertilizer treatment by 2.64 mm, and from Pro-Ca’s
0+90 dosage by 2.51 mm. It has been observed that
the Pro-Ca treatments in high dosages decrease the
thickening of the seedling trunk diameter (Table 4).
It has been determined that during the seedling
growing period, the impact of Pro-Ca and N,P,K
treatments on the real number of leaves is significant. The highest number of real leaves has been
measured in N,P,K and control treatments and the
lowest real number of leaves has been measured in
Pro-Ca0+120 treatment. Pro-Ca treatments were
highly important for controlling the number of real
leaves, and compared to control treatment they
reduced the number of real leaves by 59,04% (Table 4).
The impact of Pro-Ca treatments on the distance between plant and node has been found to be
statistically significant; the longest internode has
been observed in 0 Pro-Ca by 1.16 cm, and the
shortest internode has been observed in 120 Pro-Ca
by 0.81 cm (Table 4).
$"
Pro-Ca treatments led to significant levels of
shortening on the sizes of tomato seedlings, but led
to an increase in stem thickness. Based on the outcomes of previous studies, it has been determined
that Pro-Ca is effective as the inhibitor of gibberellic acid [8]. Pro-Ca treatments have also found to be
significantly increasing the indole acetic acid and
peroxidase enzymes in plants, while reducing catalese enzyme [8]. It has been observed that gibberellic acid(GA3) or gibberellins have key roles in producing enzymes for the germination of seeds and to
activate the energy accumulated in the seed [8].
As in previous studies, the Pro-Ca treatments
applied in this study led to a decrease in extreme
growth of tomato seedlings, contributing to develop
higher quality seedlings that are able to withstand
ambient conditions [5, 9, 10, 11, 12, 13, 14]. Even
though there are some studies reporting that Pro-Ca
treatments have a positive effect on tomato fruit
quality [15], this study did not examine the effect of
Pro-Ca treatments, particularly those in higher dos-
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can be slowed down and healthy tomato seedlings
can be produced. In this study, the effect of 120
ppm Pro-Ca applied in high dosage has always been
obvious. Therefore, it can be suggested that Pro-Ca
is used at a dosage of 120 ppm to ensure health
growth of tomato seedlings.

[11]Ramírez, H., Herrera-Gámez, B., MéndezQuiroa, Y.H., Benavides-Mendoza, A., CruzBretón, J.A. de la, Álvarez-Mares, V., Rancaño-Arrioja, J.H. and Villareal-Quintanilla, J.A.
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Content of Endogenous Gibberellins in Shoot
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193-198.
[12]Altıntaş, S. (2011) Effects of prohexadionecalcium with three rates of phosphorus and
chlormequat chloride on vegetative and generative growth of tomato. African Journal of Biotechnology. 10(75), 17142-17151.
[13]Ozbay, N. and Ergun, N. (2015) Prohexadione
calcium on the growth and quality of eggplant
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[14]Altuntaş, Ö. (2016) Effects of Prohexadione-Ca
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hoods of about three billion individuals that belong
to dry habitats constituting 41% of land surface [3].
In wheat, Association analysis based upon
land races, elite cultivars and foreign accessions
offers a principally valuable tool to distinguish loci
for attributes with little heritability including yield
and yield components [4, 5]. However, in hexaploid
wheat ( "# !"$# L.), the Linkage disequilibrium mapping studies so far conducted have all
been done under rather suitable conditions, at least
in terms of soil humidity [4, 6, 7]. Keeping in view
the status of wheat harvest in Pakistan and issue of
low production in moisture stress relative to advanced countries it becomes vital to advance an
instant plan to cultivate such varieties which can
achieve well under drought stress. So this project
was intended for physio-biochemical and molecular
assessment of bread wheat cultivars for stress tolerance. The main goal of this research was to apply
association mapping approaches to identify SNP
regions associated with drought tolerance traits in
diverse wheat germplasm, and determine a markerbased approach for identifying drought related
Traits


! ! 

*7251&82 Diverse germplasm of bread
wheat was used for the study of genetic diversity
and for screening drought tolerant genotypes using
agronomic, morphological, physiological and molecular traits. The germplasm used in the study was
comprised of candidate lines from SAWSN 20112012 (Semi Arid Wheat Screening Nursery),
NUWYT- Rainfed (National Uniform Wheat Yield
Trial), synthetic D- genome Selection (WWC,
CIMMYT), land races, historical set collection.
NARC-09, NARC-2011, Chakwal-95, Inqalab 98
was cultivated as control checks.

97*88 )2.3.897&9.43 Field experiments
were carried out in year 2013-2014 and 2014-2015
at National agricultural research centre (NARC),

Genome-wide association studies (GWAS)
were undertaken to detect SNP markers related with
physiological and biochemical traits in 92 genotypes from Pakistani historical set and synthetic
hexaploid wheat collections. The field experiment
was conducted during 2013–2015 seasons under
controlled and drought conditions. Genotyping was
done using high-density Illumina iSelect 15K SNP
(single nucleotide polymorphism) array, and finally
7739 high quality SNPs were used in mapping.
Linkage disequilibrium decay was observed at
11cM genetic distance for whole genome collection
using 700 unlinked markers. In total, there were
1174 MTAs recorded for biochemical parameters at
P<0.001 in stressed conditions using MLM approach, among them, 647 MTAs were flanked for
more then one trait. Genome A, B and D contributed 431, 553 and 190 MTAs respectively. Highest
number of MTAs were found on chromosome 2B.
Further FDR test was used to detect noval MTAs
discussed in paper


%# 
Drought, bread wheat, biochemical traits, association
mapping, Linkage disequilibrium



!"!
Climate change has become a major threat for
crop production worldwide. Environmental variations cause drought, flooding, soil acidification, soil
salinization, extremely low and high temperatures,
and other adversative environmental problems [1].
This stress dynamics influences both crop quality
and production, openly or indirectly. It is foreseen
that the world population will extend to 9 billion by
2050, so this is an ultimatum to upsurge crop yield
for feeding an additional five billion individuals
during the next 50 years [2] Drought is one of the
chief constraints checking food safety and liveli-

1387

('

 %

)   !#

  





"#%#&" $%$


Islamabad, Pakistan. Seeds were obtained from
Wheat wide crosses, NARC, and were sown under
stressed conditions in the tunnel and fully irrigated
conditions in field following Randomized complete
block design. Rain out plot shelters were roofed
with green and plastic sheets to block water coming
through precipitation. Tunnel was lined with 3 feet
high brick wall underground to stop water seepage
from surrounding areas. The seeds were sown in 1
meter rows having 3 replications. Non-stress plots
were irrigated until maturity at sowing time, tillering, booting and post anthesis stage [8]. While,
stress plots received no water after booting. Irrigation was stopped 2-3 weeks before pre-anthesis
stage, and soil moisture level in stress condition
was checked with Time domain refractometer
(Spectrum Technologies, Illinois, USA) to ensure
that stress is induced. Drought stress was maintained at 12.5% soil moisture till post anthesis
stage.

-=8.414,.(&1 &3) .4(-*2.(&1 3&1=8.8
Various physiological and biochemical characters
were observed such as Relative water content, Electrolyte leakage, Canopy temperature [9], Chlorophyll content [9], Proline content [10], Soluble
Sugar content [11] and Super oxide dismutase activity.

*349=5.3, Five seeds of each genotype
were sown in small pots. Fresh foliar samples for
DNA extraction were taken from 20 days old seedlings. DNA extraction was done following CIMMYT Molecular Genetics Manual [12]. Afterward,
50–100 ng/μl DNA samples in 96-well plate formats were sent to Traitgenetics, Germany
(www.triticarte.org.au) for genotyping as a for SNP
array. The analysis of genotyping data was performed with 15k wheat array. The chip carried a
total of 13006 SNPs. Samples were analyzed on
infinium ultra HD chips carrying 24 samples each.
Allele calling was performed using final version of
the cluster file.

&9&1*&3.3,The positions of SNP markers
in terms of genetic distances (cM) were compared
along chromosomes using 2014 wheat consensus
genetic map [13]. The 15K iSelect genotyping assay was tested by surveying SNP variation. From
13006 SNP markers on infinium array, all 7739
polymorphic SNP marker loci that had high-quality
data (<5% missing data) were separated.

.30&,* .8*6:.1.'7.:2 The linkage disequilibrium among the mapped SNP markers on the
hexaploid wheat consensus map given by [13] was
assessed for each sample only on markers that
showed frequencies ranging from 0.05 to 0.95. The
allele frequency correlation (R2) between marker
pairs were obtained using TASSEL 3.0.115 [14]

and haploview version 4.2 softwares [15]. The
significance (P values for LD) between marker
pairs was computed using 1,000 permutations. The
LD extent was estimated per chromosome, and afterward gathered over all of the chromosomes of
the A, B and D genomes. The LD was considered
independently for intrachromosomal pairs and interchromosomal pairs. From the interchromosomal
pairs, a critical value of R2 was estimated following
[4, 16], by taking the 95% percentile of this distribution as the threshold beyond which the LD is
probably caused by a real physical linkage. The
intrachromosomal R2 values were plotted against
the distance (cM) and locally weighted polynomial
regression (LOESS) curve was drawn. Statistical
programme R(R core team., 2012) was used to determine at which distance the LOESS curve intercepts the critical R2 which shows the extent of LD
decay [17]. 

884(.&9.43 &55.3, Association analysis
was carried out following the method of [17]. GLM
(General linear modal) and MLM (Mixed linear
modal) Analysis was done by using TASSEL software, version 3.0.115. For GLM analysis, marker
data and phenotypic The association analysis was
based on the polymorphisms present in 7765
SNPs.TASSEL calculated the kinship as the proportion of alleles shared between each pair of lines.
FDR correction was applied on P values obtained
from GLM analysis. Marker- trait associations were
considered significant at threshold of a positive
false discovery rate.
 "! 

.30&,* .8*6:.1.'7.:2 3&1=8.8 Among
the 7765 SNP markers used for association mapping, 700 were selected to be used for linkage disequilibrium analysis. The markers chosen were distributed on all chromosomes with 10cM distance.
Linkage disequilibrium analysis was performed for
whole genome as well as separately for genome A,
B and D.
Linkage disequilibrium analysis for whole genome was based on 241861 pairs of markers. The
distribution of markers was different for each
chromosome. Highest number of markers were located on chromosome 5B (54) and lowest on 4D
(9). Interchromosomal LD was investigated for the
set of 228659 pairs of non syntenic loci with an
average R2 of 0.03. Four classes were defined on
the basis of map positions on [13] demonstrating
the tightly linked loci (Class 1) to independent pairs
(class 4). Among them, Class one was designated at
distance from 0-10cM, Class 2(10-20cM), class
3(20-50cM) and class 4 (>50cM).
The R2 decreased with the increasing distances
between the loci. The pattern of decreasing R2 is
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LD decay for D genomes is 2-3 times slower then
A and B genomes. Genome B showed the fastest
decay in our observations contrary to the results of
[18] and [19]. The result of LD decay curve showed
that LD extends 22cM on B genome [19]. [18] observed LD for A genome at 5 cM, D at 12cM and B
genome after 12cM. In our studies, the longer extent of significant LD in the D-genome compared to
that in the A- and B-genomes in hexaploid wheat
can mostly be explained by the polyploidization
event approximately 8,000-10,000 years ago which
effected the level of genetic diversity in the Dgenome [20].
If LD decays rapidly, the resolution of association mapping is high and when it extends to
longer distances then resolution becomes low and
genome wide association mapping becomes more
suitable option [21].Observation of LD in this study
are within the range of reported approximations.
The distance over which LD decayed in our study
of 11cM for whole genome was greater than reported by [18] and [22]. Previously LD decay was reported at 0.09cM distance by [23]. [24] observed
LD decay within 0.5-5cM distance in both durum
and bread wheat. LD decay distance of about 2.2cM
was estimated for the whole genome, and LD decay
distances for A, B, and D genomes were approximately 2.2, 0.6, and 8.6cM, respectively [25].

shown in figures 1 and 2. The upper 95th percentile
of distribution for inter-marker distance is widely
considered as a threshold useful to separate the true
linkage LD from the background LD due to population structure [4, 6, 16] which was equal to 0.095 in
this study. Taking the point at which Loess curve
intercepts the critical R2 as standard point [17], LD
decay was observed at 11 cM. The linkage disequilibrium analysis was also done for genome A, B
and D separately. The number of marker pairs each
for genome A, B and D were 5828, 6552 and 824.
The highest average R2 of 0.070 was observed
in D genome followed by B (0.059) and A (0.056)
and respectively. In genome A, maximum distribution of markers was on chromosome 7A (48 SNP
markers-1130 pairs) and minimum on 2A with 37
markers and 667 pairs. In gneome B, maximum
marker numbers was on chromosome 5B which was
highest for the whole genome and minimum on
chromosome 4B with 30 markers. While in chromosome D maximum number of markers i.e. 21
were found distributed on chromosome 1D. For
genome A, critical R2 was 0.097 and LD decay was
observed between 10-20cM with average LD decay
at 14CM. Critical R for genome Band D was 0.097
and 0.087 resulting in an average LD decay at
12cM and 19 cM respectively. The results are confirmation of results of [13] who hypothesized that

" 
(&99*7514984+9-*89&9.89.( &8&+:3(9.434+,*3*9.().89&3(*(+47#-41*,*342**342*

*342**342* (:7;*7*57*8*39.3, )*(&=&143,,*3*9.().89&3(*.88-4<3'=,7**3
1.3*(7.9.(&19-7*8-41).8.11:897&9*)'=9-*)&8-*)-47.>439&11.3*
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.3*(-&7984+9-*89&9.89.( &8&+:3(9.434+,*3*9.().89&3(*(+47#-41*,*342**342*
*342**342*
41:'1* &7'4-=)7&9* 439*39 MTAs for
soluble sugar content were detected on chromosomes 1A, 2A, 2B, 2D, 3A, 3B, 3D, 4D, 5B, 6A,
6D. [29] identified MTAs for soluble sugars on 5B
(127cM) and 7D (163cM). In our study MTA was
located on 5B at 183-213 positions and on 7D at
159cM position (in control) which is near to position described by [29]. The number of MTAs detected by [29] using SSR markers were very low.
[31] found MTAs on 2D (37.10CM), 3A (73CM),
3B(139.3cM), 3D, 4B (27.4cM), 7B(35.20),
7D(135 and 162cM) in water deficit conditions.
[32] reported QTLs for soluble carbohydrates on
chromosomes 1A, 1B, 2B, 2D, 4B, 7A and 7B consistant across different populations and environments. QTL for water-soluble carbohydrates (WSC)
have been mapped to chromosomes 1A, 1D, 2A,
2B, 3B, 4A, 5A 5D, 6B, 7A, 7B, 7D by QTL and
meta QTL approach [33, 34]. MTAs found on 6A
and 4D have not been reported before and can be
considered noval.

 SOD MTAs found for stressed conditions at P< 0.01. Earlier [29] also identified SOD
MTA by SSR marker WMC235 at 139cM on
chromosome 5B. In our study MTAs (6-10% R2)
were located on 84.90-148.69 interval flanked by
Excalibur_c49271_183 and Excalibur_c3165_730
on 5B chromosome, which is nearest to position
described by Ali ". (2015). [29] also found SOD
MTA at 6B (14CM) position. In our study MTAs
on chromosome 6B was found at 42.17 position
flanked by &#    . [35] reported
QTLs for SOD on chromosome 1A, 1B, 1D, 2D,

[5] found the LD decayed within 4cM in 96
winter wheat accessions with 525 DArT markers. In
A set of 205 US winter lines genotyped with 254
SSRs, the mean genome LD decay observed at
10cM while the highest LD block was (>40cM)
[26]. [27] observed very low level of LD (3cM) in a
set of 103 Chinese wheat accession assayed with 31
SSR markers). Using hexaploid wheat accessions,
[28] observed the LD decay at greater then 10cM
distance with DaRT markers showing approximately 28% marker pairs in significant Linkage disequillibrium. Differences between previous reports may
be accredited to the populations under examination
and markers used [23].


 !
! 

741.3*439*39In stress conditions, MTA s
for proline content were found on 1A, 1B, 1D, 2A,
2B, 3B, 3D, 4A, 4B, 4D, 5A, 5B, 6A, 6B, 7A, B
and D chromosomes. Earlier, [29] found MTA for
proline content located on chromosome 2A (60
cM), 5A(60cM) and 5B (127cM) in controlled and
stress conditions, which are confirmed in our research. MTA on chromosome 5A (18.1cM interval)
is located quite near to the position described by
[29]. [30] found a QTL for proline content on 3H
chromosome using barley populations. Other MTAs
bear no relevance to the previous findings can be
referred as novel MTAs.
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3A, 4A, and 7A which is comparable to our study
except for 1D which is not confirmed in stressed
conditions at P<0.001. 

-14745-=11439*39In controlled and stress
conditions MTA on chromosome 5A (62.5CM)
flanked
by
%!#  
    %!#  
is
near to the position described by [29] hence confirming his results. Many reports are present regarding QTL estimation of chlorophyll content. Chlorophyll MTA is mapped on 2D chromosome under
drought conditions [36]. Using classical mapping
approach, [37] identified 9 QTLs for chlorophyll
content on chromosomes 1B, 2B, 3B, 4A, 5B, 7A,
7B. Five QTLs significantly affecting chlorophyll
content (C) were detected on chromosomes 4B
(0.5CM), 4D (14.5CM), 6D (2.5CM) and 7A(2.5,
6cM) [22]. QTLs for chlorophyll content disruption
in heat stress were located at 1B (2.3cM), 1D
(11.21cM), 6A (9.18CM), 7A (11-13cM) [38]. [39]
mapped four additive QTLs controlling chlorophyll
content under water deficient and well watered on
chromosomes 1A, 5A, and 7A in wheat.

&345= !*25*7&9:7* MTAs for canopy
temperature were identified distributed on all chromosomes. Most of the MTA for canopy temperature are noval and they have not been previously
reported. In a recent study, [40] reported fifteen
QTL for canopy temperature (CT) in the SeriBabax bread wheat population grown under water
scarced, hot-irrigated and non-stressed environments. The authors demonstrated 5 QTLs (1B, 2B,
3B, 4A, 7A) associated with cooler canopies that
were consistent in drought, heat and controlled
conditions. The QTL for CT at chromosome 2B
was categorized as stress exclusive (drought and
heat) and was also reported as the main QTL responsible for primary and lateral root development
in hexaploid wheat [41, 42].
In our study, Various canopy temperature
MTAs were found co-localized with other physiological and yield traits. At 2B, CT MTAs were co
localized with SOD, DH and DPM on 5B, MTAs
associated with thousand grain weight were found
on chromosome 2A, 2B (142.3-148cM), 6A (43.1),
7B (143.8). The relationship of canopy temperature
assessment with yield components was confirmed
by [43] who found two QTL for both yield and
CTD were co-located on chromosomes 3B and 5D
[43]. Canopy temperature related QTLs genomic
regions (QTL) were co-localized with regions controlling other drought adaptive traits including kernel number, grain yield and chlorophyll content [40,
44, 45].

*1&9.;*#&9*7 439*39 In stress conditions
at p<0.01, Major MTAs for relative water content
were detected at chromosomes 3A, 3B, 6A,5A, 5B,

7A in stress conditions. The first major MTA
(14% R2) was detected at 3A position at 26.01cM
distance. Previously, [46] investigated 3 marker
trait associations under normal and drought conditions on chromosome 2A. [47] also found a QTL on
chromosome 2A at 27cM position. In our study,
only one MTA detected on 2A chromosome in controlled
conditions
at
156.23cM
with
%!#


marker. Another MTA
detected on chromosome 5A at 55.79cM location
which were quite near to the QTL discovered by
[48] at 30.41cM using  marker.

1*(9741=9* *&0&,* MTAs were found distributed on chromosomes 1A, 1B, 1D, 2A, 2B, 2D,
3A, 3B, 4A, 4D, 5A, 5B, 5D, 6A, 6B, 7A, B and D
at P<0.01. Major MTAs with 6R2 were found on
chromosome 2B and 5A. Mean R2 ranged from 36% or less.
In earlier studies, QTL for cell membrane stability was located at 27.1 and 4.4CM on chromosome 2A [47]. These results are confirmed in our
studies where MTAs were found quite near to the
location described (Suppl. table 9) The QTL on
chromosome 1D (11.21CM), 2B (5.55-6.47cM), 7A
(13.05cM) were associated with electrolyte leakge
[38]. Where, in our studies MTA was found on
chromosome 1D at 126.4 position flanked by
 . Other MTAs were also found on
same chromosomes but positions were very far
from the ones described by [38].


" 
Most of the chromosomes for biochemical parameters were found on on chromosomes 1A, 2A,
2B, 2D, 3A, 3B, 3D, 4D, 5B, 6A and 6D as explained in the discussion section. These MTAs can
be exploited further for finding novel genes. Integrating knowledge about the regulatory network of
interacting genes into genome-wide association
studies should improve our understanding of genotype-phenotype maps
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Heavy metal pollution has the characteristics of
concealment, irreversibility and consequences,
therefore, the remediation of the contaminated sediments is difficult, high cost [12-14]. Generally, the
physical and chemical treatment technologies are not
only expensive, needing special equipment and specialized technical personnel [15-17], but also can
cause secondary pollution, not solving the problem
completely [18-20].
Presently, phytoremediation has become an effective and affordable technological solution to extract or remove the heavy metals from the contaminated sediments [21, 22]. Phytoremediation is a technology which uses plants to clean up contaminants
from soils, sediments, and water. This technology is
environmental friendly and potentially cost-effective. Several studies suggested the reduction of
As(V)to As(III)by endogenous arsenate reductases
inside plant cells: genes encoding plant arsenate reductases have recently been isolated and characterized from  ,  ,     , and
  [23-25].    [26] and 
    [27] are hyperaccumulator plants
for Cu, Cd, Cr, Ni, Pb, and Zn.    
is a hyperaccumulator plant for Hg, Mn, Cd, Cu, and
Pb [28], and it can be the greatest accumulation of
Cd and As (12 μg g-1 and 0.04 μg g-1, respectively)
[29].     and    have
been reported to higher accumulative capacities for
Cu, Cd, Cr, Ni and Fe in the waste water [30, 31].
However, there are few reports on naturally
growing hydrophytes of       
     , and  
 for phytoremediation for the contaminated sediments in the aquatic body which was polluted by
fishery culture. Furthermore, the four kinds of hydrophytes were growing very well in the Wenchang
Lake (Zibo City, China) which had been used to develop fisher culture decades years ago. Therefore,
the objective of the study is to investigate the feasibility of using of        
      , and    
for the phytoremediation of heavy metals of the contaminated aquatic body.

Phytoremediation is a feasible method for remediation of heavy metals contaminated sediments.
Wenchang Lake (Zibo, China), had been used as a
receiving water body of industrial factories, were
sampled to investigate the phytoremediation characteristics of heavy metals in sediments by the natural
growing hydrophytes. The results showed that 
         
 , and      have a good potential to accumulate of As, Cd, and Pb from the sediments. The metal concentrations of As, Cd, and Pb
range from 199.94-552.07 mg kg-1, 1.88-3.89 mg kg1
, and 27.87-53.19 mg kg-1 in the roots or fronts of
the hydrophytes, respectively. Bioconcentration factor (BCF) values of As, Cd, and Pb in roots and
fronds of the tested hydrophytes range from 6.9719.24, 5.53-11.44, and 3.65-6.96 respectively.
Therefore,         
   , and     were
potential accumulators for As, Cd, and Pb, and could
be used for phytoremediation of heavy metals contaminated sediments in the aquatic body.
(&!"
Phytoremediation, Hygrophyte, Heavy metals, Sediments
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Accompanied by economic development, an
environmental crisis caused by heavy metal pollution of field ecosystems was appeared gradually, and
was paid more attention in many countries [1-4].
Many human activities have potential contribution to
produce heavy metals as side effects, and it could become a ecological problem once the metals go into
the sediments and cumulate to some extent, which
will pose a threat to aquatic ecosystems because of
the metals toxicity, recalcitrant nature, accumulation, and potential to enter the food chain [5-7].
Therefore, how to remediate the heavy metal contaminated sediments in aquatic system has received
increased attention in recent years [8-11].
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"<9=.@ 9.* .:,928;276 Wenchang Lake
(36.669°–36.716°N, 117.835°–117.879°E) is located in the southwest suburb of Zibo city (China),
with a total field surface area of 282 km2, and water
surface of 65 km2. It had been served as water
sources for residents and industries, however, the
ecosystem had been destroyed seriously due to fish
food of over breeding decades years ago. Now it
mainly serves as landscapes and agriculture irrigation reservoirs (Figure 1).



distilled water to remove the adhering sediment particles. Then, the hydrophytes were dried in plastic
plate in natural conditions. The dried plant parts
were ground and homogenized for the processing of
digestion. All sediment samples were sealed in clean
polyethylene bags and placed into a cool box on site.
The cooled samples were transported to the laboratory, freezed-dried, and then ground and sieved with
a standard 2.0 mm sieve before analysis.
For heavy metal concentration determinations,
the dried Sediment samples (0.300 g) or powdered
plants samples (0.100 g) were digested with a 5 ml
mixture of HNO3–HClO4 (5:1; v/v) [32] and diluted
to 25 ml with ultrapure water in microwave oven
(Mars 6, CEM). All of the above solutions were
stored at 4 oC prior to analysis. The concentrations
of As, Cd, Mn, and Ni were measured by the atomic
absorption spectrophotometer (TAS-990, Beijing).
The pH and conductivity of Sediment effluent were
examined by using pH meter (HQ40d, Hach) and
conductivity meter (HQ40d, Hach), respectively. All
the samples were analyzed in triplicate.

";*;2:;2,*4 6*4@:2: The SPSS software was
used for data statistical analysis. Correlation coefficient between metals in root and frond was determined by Pearson regression equation. Bioconcentration factor (BCF) is the ratio of heavy metal accumulated by plants to that dissolved in the aquatic

"*584260 All of the hydrophytes were collected randomly nearby or among the lake on May,
2017. The whole plants were collected in aseptic
bags, and taken back to the laboratory immediately.
The hydrophytes collected were     
        
   etc. The 1.0 L of water sample was collected in 15cm below the surface of the lake surface
water at each site. Using the sediment column sampler collect surface sediment, the 1.0 kg (wet weight)
of sediment was sampled at each site, and the sediment samples were saved in sealed bag in 4 oC before
analysis. 
6*4@:2:The hydrophytes collected were divided into root and frond, and washed with doubled
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medium. Here, two BCF were computed from the
plant parts (root and frond) as
1
BCF1=Croot/CSd
2
BCF2=Cfrond/CSd
Translocation factor (TF) of heavy metals were
calculated as
TF= Cfrond/Croot = BCF2/BCF1
3[33]

The BCFs of metals in the fronds / roots and
TFs of metals from root to frond for hydrophytes
were shown in Figure 3 and Figure 4, respectively.
BCF and TF are important assets to evaluate the feasibility of any plant species for the phytoremediation
of heavy metals. Phytoremediation is the green technology to remove heavy metals from the contaminated aquatic body, has received increasing attention. The different plant organs had the different accumulation ability for the same heavy metal. For the
four kinds of aquatic plants, the accumulation quantities of As, Cd, and Pb were bigger, with the BCF
of root and frond greater than 1.0. In case of As, the
maximum enrichment amounts by root and frond of
    were 552.07 mg·Kg-1 and
444.04 mg·Kg-1, respectively; For Cd, the highest
accumulation in roots of     is 3.89
mg·Kg-1 with BCF of 11.44, while the highest accumulation of frond, 3.67 mg·Kg-1, is  
 , with BCF of 10.79. As for Pb, both of the root
and frond of     had BCF more than
6, with the highest Pb contents of 53.19 mg·Kg-1 and
50.86 mg·Kg-1, respectively.
The accumulation of the same hydrophytes on
the different heavy metals has obvious differences.
Heavy metals in plants were mainly accumulated in
the roots, and those of the fronds were relatively low,
which was consistent with previous reports [36]. The
As contents in the roots of      and
    were 538.19 mg·Kg-1 (BCF
18.76) and 552.07 mg·Kg-1 (BCF 19.24), respectively, which were higher than that of the other four
kinds of metal. Even though, the Cd contents in the
four hydrophytes were the lowest, whatever in root
or in frond, the BCF of its root or frond was more
than 5. The absolute concentrations of Pb in the four
hydrophytes were about 27.87-53.19 mg kg-1, lower
than that of As and Mn, while their BCF were among
3.65-6.66 mg kg-1. Thus, the four kinds of aquatic
plants has the strong ability of accumulation for As,
Pb, and Cd. The heavy metal accumulation amounts
by the plants depend on some factors such as metal
concentrations in sediment, pH, age and type of plant
species, and season of sampling [37]. The results
also showed that the contents of Ni, and Mn in sediment were greater than four kinds of aquatic plants
(except the root of    ). The reason
may be due to the continuous oxidation in the rhizosphere, where root surface and root apoplast were
oxided and formed the Fe/Mn plaques to prevent excess absorption of Mn, and Ni [38].

!"$#""$""

.*=@ .;*4: 26 ".-25.6; The pH of sediments were alkaline in range with a value of
7.8±0.04 and the salinities were recorded as 683 ±
13 mg/L. The concentrations of heavy metals in the
sediment are shown in Table 1 and and the total concentration (mg kg-1 dw) of various metals were in the
following order: Mn  Ni  As  Pb  Cd. The
concentrations of As, Cd, Ni, Mn, and Pb in the lake
sediments were higher than those of the Grade I of
"Environmental Quality Standard for Soils" (GB
15618-1995, China), with As, Cd, Ni more than 1.9,
1.7, and 1.3 times of the standards, respectively. The
result showed that the heavy metal pollution in the
lake sediments was relatively serious.
.*=@ .;*4: 26 ;1. !77;: *6- 976-: 7/
@-9781@;.: The tolerability of plant is defined
that the plant can survive in a particular conditions
with a certain level of heavy metals, without poisoning symptoms, such as decline of growth rate or
death [34]. The plant tolerability to heavy metals can
be obtained through two ways, i.e., avoidance and/or
patience. Some plants can protect themselves by
some external mechanism, called a avoidance, by
which they don't absorb heavy metals from the environment, and not be affected by the poison. And patience is referred to that the plant body has certain
physiological mechanism, can survive in high
amount of heavy metals in the environment, and
there is no damage to the plant. Thus, this mode
would results in a high concentration of heavy metals in plant’s body [35]. In Figure 2, the absolute levels of As, Cd, and Pb in the four hydrophytes were
relatively higher than those in the sediment background values, while the absolute levels of Mn and
Ni were below the sediment background values except that in     root. The results indicated that these hydrophytes had certain patience
for heavy metal As, Cd, and Pb.

# 
76,.6;9*;276:7/1.*=@5.;*4:26".-25.6;:*584.:50B0 ->
As
Cd
Mn
Ni
Sediment
28.69
0.34
510.32
52.47
Grade I of Environmental Qual15
0.2
40
ity Standard for Soils
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# 
799.4*;2767/1.*=@5.;*4,76,.6;9*;276:+.;>..684*6;:*6-:.-25.6;
part
    
   
   
   

frond
root
frond
root
frond
root
frond
root

As
0.989
0.999**
0.985
0.996**
0.988
0.985
0.784
0.592

Cd
0.983
0.993*
0.987
0.99
0.994*
0.992
0.984
0.681

correlation coefficient
Mn
0.853
0.864
0.864
0.653
0.738
0.629
0.986*
0.996*

Ni
0.992*
0.729
0.729
0.735
0.812
0.694
0.623
0.743

Pb
0.982
0.999 *
0.999* *
0.994
0.992
0.989
0.986
0.996*

* * Correlation is highly significant at 0.01 level.
* Correlation is significant at 0.05 level

799.4*;276: .;>..6 2//.9.6; .;*4: 26
".-25.6; *6- #1.29 ,,<5<4*;276 26 !77; *6-
976-The correlation between the concentration of
heavy metals in different hydrophytes part and contaminated sediment were calculated, which determines the phytoavailability of heavy metals in sediments (Table 2) [43].
Single regression analysis for the phytoavailability of heavy metals under the field condition of
Wenchang Lake. The positive and negative correlation showed suitability and non-suitability of metal
accumulation in plants, respectively [37]. Table 2
showed correlation between metals in the lake sediments vs. root and frond metal concentration in the
naturally grown four plants. A positive highly significant correlation is found between As concentration
in sediments against As concentration in the roots of
    and     which
indicates that As is easily accumulated in the roots
part of     and    .
In case of Pb, it shows a positive highly significant
correlation between Pb concentration in sediments
against Pb concentration in    
frond or in      /    
 root, which indicates Pb is easily accumulated
in    frond or the   
 /      root. In case of Cd, it
also appears a highly significant correlation between
Cd concentration in sediments against Cd concentration in     root /     
frond, which implies that Cd is easily accumulated
in    root /    frond.
As for Mn, a highly significant correlation between
Mn concentration in sediments against Mn concentration in    root / frond is found.
As for Ni, Ni concentration in sediments against Ni
concentration in      frond has a
highly significant correlation. The results further illustrated that the heavy metals accumulation by different aquatic plants had different characteristics. It
is well known that certain metal ions like Mn2+, Ni2+,
and Zn2+ are essential micronutrients for plant metabolism, but they could become toxic when they are
present in excess amount become toxic. Non-essential (Cd, Pb) heavy metals in excess amount may
cause more toxicity in plants than that of essential
heavy metals [44].

The BCF reflects the enrichment characteristics
of aquatic plants, on the other hand, it also reflects
the migration ability of heavy metals from sediments
to the plants. As can be seen from Figure 2, the
strongest absorption of As was found in  
 , with the BCF 15.48, 19.24 in frond and
root, respectively. In case of Cd, the BCF of roots for
    and     were
11.44 and 10.79, respectively. The strongest absorption ability for Pb is     , with BCF
of 6.66, 6.96 in frond and root, respectively. The
BCF of Mn over 1.0 (1.05) was only found in  
   root. The accumulation abilities of
four kinds of aquatic plants on Ni were also very
weak, the BCFs in roots and fronds were less than
1.0.
Most of TF of metals in the hydrophytes are
lower than 1.0, which suggests low mobility from
roots to aboveground organs [39]. The results were
consistent to G. Bonanno's reports that belowground
organs were the primary areas of metal accumulation
[39]. In general, plants having BCF greater than one
and TF less than one show phytostabilization potential and can be used as for rhizoremediation [40].
This is particularly true in those emergent tall macrophytes (e.g.       ),
which contribute to metal sequestration thanks to
their extensive root system [31, 41, 42]. But for some
heavy metals is on the contrary, such as   
  for accumulating Cd and    for
the enrichment of As, Cd, and Pb (Figure 4). Therefore,     and    can
be promising species to remove heavy metals from
sediment through harvesting the fronds, especially
for removing As, Cd, and Pb.
The roots BCFs of     were
19.24, 11.44, 1.05, 0.90, and 6.62 for As, Cd, Mn,
Ni, and Pb, respectively. As for    
,it has the same heavy metal accumulation ability to     with greater BCF (> 4.37)
in roots than fronts for As, Cd, and Pb. In addition,
    and     
were widely distributed in shallow aquatic body,
therefore they were suitable as a phytoremediation
plants to remove As, Cd, and Pb in sediments of the
shallow aquatic body
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The heavy metal contaminated sediments in
aquatic bodies poses an ecological risk to the health
of aquatic life as well as human being worldwide,
and requires an efficient on-site hydrophytes for the
phytoremediation of the sediments. The results of investigation the heavy metal concentrations in hydrophytes in the contaminated sediments indicated that
the accumulation contents of As, Cd, and Pb in 
    ,    ,  
 and      are greater, with
the BCFs of root and frond over 1.0.   
  ,    ,    and
   , widely distributed in shallow
aquatic body and being easy to harvest, could be
used as promising candidates for phytoremediation
of contaminated sediments, especially for removing
As, Cd, and Pb.
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The recycling and disposal of medical waste
should follow strict standards and business processes, however, these standards and processes are
usually violated in practice. Different types of medical wastes are mixed placed, which will lead to
multi-bacteria repeatedly crossing-infection, disease
transmission and environmental pollution. Considering the defects and problems existing in current medical waste classification management, this paper tries
to optimize medical waste mixed and classification
business model. Taking the number of healthcare institution, hospital beds, patients that accept diagnosis
or treatment and patients that being discharged, as
well as the amount of medical waste generated in
Beijing, China from 2014 to 2016 as the basic data,
this article selects 3 existing papers that relate to
medical waste classification in China as the basic criteria to comparatively analyze the medical waste
output rate, recyclable medical waste quantity, domestic waste quantity, and non-recyclable medical
waste quantity under the classification business
model and the mixed business model. It is shown that
strengthening medical waste classification and recycling play a significant role in reducing disposal
costs and environmental pollution, and preventing
disease transmission.



the medical and health undertakings are under rapid
development [2]. At the same time, more and more
medical waste is generated rapidly. Under this condition, problems such as environmental pollution
and disease transmission caused by medical waste
also occur frequently. People are paying more attention to the classification and disposal of medical
waste in these years, especially after the outbreak of
SARS, H1N1, H7N9 and other acute infectious diseases [3].
As the main potential source of disease transmission and environmental pollution, there are rigorous procedures and requirements for the collection, storage, transportation, classification and disposal of medical waste. Nevertheless, such procedures and requirements are not executed strictly in
many healthcare institutions, particularly in small
and medium-sized hospitals, clinics, etc., medical
waste is collected, placed and treated as general
waste. Many medical wastes are mixed together with
domestic waste due to the lack of reusing awareness.
The puncture of sharp instruments such as needles
and blades often occurs due to lack of safety awareness. Such behaviors increase the risk of bacteria
crossing-infection and disease transmission.
According to the statistics of the World Health
Organization (WHO), only 15% of medical wastes
are hazardous, the left 85% is general, non-hazardous waste [4]. Among this 85% medical waste, plastics, metals and papers, etc., are recyclable, however,
in practice, a large quantity of recyclable medical
waste is not recycled, but directly disposed as nonrecyclable medical waste, which not only causes the
waste of resources, but also increases the burden of
hospitals and plant, and the harmful substances produced during the disposal procedures lead to environmental pollution.
In sum, the problems existing in current medical classification management, not only lead to pollution of environment and risk of human health, but
also block the healthy development of the medical
and health service undertaking. It is of great significance for the development of national medical and
health service to improve the classification and management of medical waste.

*( #$
Medical waste, Classification business model, Mixed business model, Generation rate, Output

%# &% 

Medical waste is infectious, toxic and hazardous waste, which is directly or indirectly generated
by healthcare institutions in the processes of medical
treatment, prevention, health care or other related activities [1]. Due to its infection and toxicity, medical
waste has more serious potential hazards to society
and environment in comparison with other wastes
[1].
With the improvement of living standard and
increasing demand for medical and health services,
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.@2>6.9? 2160.9 ?2>B602? .;1 <A@=A@ <3
:2160.9C.?@26;2676;46;     According
to the “Statistical bulletin of Beijing health and family planning” 2014-2016, the number of medical and
healthcare institutions in Beijing from 2014 to 2016
is 10,265, 10,425 and 10,637, respectively. The
number of medical institutions was 10107, 10270,
and 10491, respectively. The number of healthcare
institutions was 158, 155, and 146, respectively [5,
6, 7]. As shown in Figure 1, the number of medical
and healthcare institutions and medical institutions is
on the rise, while the number of healthcare institutions is showing a downward trend. This phenomenon may be due to the rise in the level of some small
and medium-sized hospitals, thus these hospitals become higher-level hospitals; or the reform of the corporate system, thus the original private enterprises
are merged and reorganized into shareholding or
state-owned enterprises. The poor management of
hospitals and the closure or merger of some small

hospitals is also a cause of the decline in the number
of healthcare institutions.
As shown in Figure 2, from 2014 to 2016, the
total number of hospital beds compiled by medical
institutions in Beijing was 113,653, 118,384 and
125,041, while the actual number of beds was
109,789, 111,555 and 116,963 [5, 6, 7]. Both the
number of compiled beds and the number of actual
beds maintain growth at an annual rate about 3%5%. The number of beds is a key factor in measuring
the scale of the hospital, and it is also a direct factor
that affects the output of medical waste in the existing statistical methods.
From 2014 to 2016, the population diagnosed
and treated by the medical and healthcare institutions
in Beijing reached 229,671,000, 235,016,000 and
248,777,000 person-time, respectively, and the number of outpatient reached 3,221,000, 3,381,000 and
3,698,000 person-time, respectively [5, 6, 7]. As
shown in Figure 3, although both diagnosis and treatment population and outpatient population have kept
rising, there is still a large gap between these two
numbers.
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A@=A@<3:2160.9C.?@2
classification of medical waste has also caused an increase in the amount of medical waste.
A large amount of medical waste is generated
in Beijing each year, thus there is an urgent and
higher-level demand on Beijing's medical waste disposal capacity, infrastructure construction, and management level. The environmental protection department is faced up with great challenge to deal medical
waste with effectively and environmentally-friendly.
Correct and reasonable classification of medical waste could effectively separate recyclable medical waste from non-recyclable medical waste, help
to realize the recycling of some harmless medical
waste, and reduce the non-recyclable medical waste
quantity, the disposal costs, as well as the pollution
to the environment.

@=>2?2;@.9<@<3?05<9.>?5.B2?@A1621@52
:.;.42:2;@<3:2160.9C.?@2 ( #2?2.>05@52
09.??6360.@6<; :.;.42:2;@ <3 :2160.9 C.?@2
Birpınar et al. conducted a survey on medical waste
quantity, collection and temporary storage in 192

As shown in Figure 4, according to the "Annual
Report on the Prevention and Control of Solid Waste
Environmental Pollution by Large and Mediumsized Cities" issued by the Ministry of Environmental Protection of the People's Republic of China,
from 2014 to 2016, the amount of medical waste
generated in the large and medium-sized cities was
622,000 tons, 697,000 tons, 721,000 tons, respectively, while the medical waste output in Beijing during these three years was 28,000 tons, 30,000 tons
and 33,100 tons, respectively, and the maintained an
average annual growth of 2000 tons to3,000 tons [8,
9, 10].
Due to the limited number of cities in statistics,
it does not represent the amount of medical waste
generated in China. This paper focuses on analyzing
the generation of medical waste in Beijing. With the
improvement of medical and health conditions, as
well as the increase in demand for health care, this is
an important reason for the rapid increase in the output of medical waste, and the unreasonable
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respectively, through the survey of hospitals in Ha
Noi, Vietnam [26]. The survey of 7 from the 12 hospitals in Souss-Massa-Drâa region, Morocco, indicated that the medical waste generation rate ranges
from 0.4 to 0.7 kg/bed/day, and the infectious and
general waste are about 30.5% and 69.5%, respectively [27]. Graikos et al. found that the proportion
of solid medical waste is 91.6% for clinical pathology laboratory, 12.9% for the X-ray laboratory,
24.2% for the surgery departments and 17.6% for the
injection therapy department in a small hospital in
Xanthi, Greece [28]. These studies have analyzed the
output, component, and generation rates of medical
waste, which provides some references for our research.

hospitals in Israel, Turkey, and the results showed
that 83% of recyclable materials are separately recycled, and 63% of the hospitals have temporary repository [11]. The survey conducted by Abdulla et al. in
northern Jordan reveals that most medical waste is
not properly handled, the most frequently used treatment method for solid medical waste is burning [12].
Windfeld and Brook highlighted that unnecessary
classification of infectious medical waste leads to
higher disposal costs and negative environmental effects [13]. Kei Robert and Njagi Ananias revealed
that medical waste is not well segregated through the
survey of two national hospitals in Kenya [14]. Inappropriate medical waste management have substantial potential hazard, Akpieyi et al. conducted a research and found that the most frequently occurring
risk is the contact with sharps, infectious agents and
hazardous substance [15]. Campion et al. analyzed
the life cycle of materials for single-use customized
packs in medical and health industry and evaluated
the impact of these materials on environment [16].
Conrardy et al. found that reusable surgical products
could reduce the generation of medical waste, lower
the disposal cost, and reduce impact on the environment effectively [17]. These studies have analyzed
the current status of medical waste management, and
further demonstrated the importance of strengthening the management of medical waste.

  #2?2.>05 <3 @52 <A@=A@ .;1 42;2>.@6<;
>.@2?<3:2160.9C.?@26;56;. Gai et al. carried
out two studies in Shandong Province, and found
that the generation rates of medical waste are 0.744,
0.558, 1.534 kg/bed/day and 1.22, 0.77, 1.17
kg/bed/day in tertiary hospital, secondary hospital
and primary hospital, respectively [29] [30]. Zhang
et al. conducted a survey shows that the medical
waste generation rates in primary, secondary and tertiary hospital in Gansu Province, China were
0.79,0.59 and 0.61 kg/bed/day [31]. While Zhang et
al. found that the medical waste generation rate in
Nanjing, China, ranges from 0.5 to 0.8kg/bed/day,
and the weighted average is 0.68 kg/bed/day [32].
Xin found that the generation rates of medical waste
in secondary and tertiary hospital are 0.842 and
0.626 kg bed/day, and the average generation rate is
0.734 kg/bed/day in Beijing, China [33]. These studies have analyzed the output and component of medical waste in China, which provides some references
for the contrast study of medical waste in Beijing.
The current research on medical waste management, especially the research on medical waste output, generation rate and component, which provide
certain theoretical basis and practical experience for
the design and comparative study of the classification business model and mixed business model of
medical waste.

 #2?2.>05<3@52<A@=A@0<:=<;2;@.;1
42;2>.@6<;>.@2?<3:2160.9C.?@2Cheng et al. collected data of medical waste types and output by
sampling 200 small medical institutions and found
that small medical institutions have produced more
extensive waste [18]. Komilis et al. conducted a survey on 132 health-care facilities in Greece to calculate the unit generation rate of hazardous medical
waste per day [19]. Maamari et al. sampled 57 hospitals from a total of 163 in Lebanon to collect data
of medical waste during 5 years and analyze medical
waste generation rate [20]. Patwary et al. estimated
the amount of medical waste produced in Dhaka, and
the results showed that the waste generated is about
37 ± 5 ton/day, and 21% is hazardous waste [21].
Debere et al. sampled 6 hospitals in Addis ababa,
Ethiopia, and found that the generation rate of medical waste is about 0.361-0.669 kg/patient/day, the
hazardous waste is about 41.31% [22]. Tesfahun et
al. studied 6 government and 3 private hospitals and
found that the generation rate of medical waste is
about 0.25-2.77kg/bed/day, the generation rate in
private is greater than government hospitals [23]. AlKhatib et al. conducted a survey in the hospitals in
Nablus city, Palestine indicated that the medical
waste generation rate lies in the range of 0.59--0.93
kg/ bed/ day, and another study in Palestine indicated
the proportion of hazardous medical waste is about
31.2%-43.6% [24, 25]. Nguyen et al. indicated that
the generation rate of solid and hazardous medical
waste is about 0.86 and 0.14 kg/bed/day

9.??6360.@6<;<3:2160.9C.?@2 As shown in
Table 1, the WHO classifies medical waste into 8
types, including infectious waste, pathological
waste, sharps waste, chemical waste, pharmaceutical
waste, cytotoxic waste, radioactive wastes, and nonhazardous or general wastes.
As shown in Table 2, unlike the WHO medical
waste classification standards, according to the
“Classification Catalogue of Medical Wastes” of
China, medical waste could be classified into 5
types, including infectious wastes, pathological
wastes, injury wastes, and drug-induced and chemical waste [34]. These five types of wastes, except for
some of the sharps wastes, such as injection needles,
surgical tools and other metal waste which could be
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recycled, the rest are non-recyclable. Plastic packaging, infusion bottles, etc. could be recycled together
with metal waste. Food waste and uncontaminated
ordinary waste could be disposed of as domestic
waste.

Medical waste packaging bags are generally
made of polyethylene (PE). The color of packaging
bags is generally yellow, black, and blue according
to the type of waste [36]. The appearance of the
packaging bag should be printed with medical waste
type and logo. For sharps medical wastes such as
needles, blades, etc., labeled yellow special sharp
boxes are used for placement.
In order to facilitate the collection, storage,
transportation, and disposal of medical waste, packaging bags and sharp boxes containing medical
waste are placed in corresponding categories of
waste containers (barrels). Turnover boxes (barrels)
are generally made of high-density polyethylene
(HDPE), and the box (barrel) body is yellow and
printed with medical waste labels and names [2, 36].
Specific labeling is shown in Figure 5.

9.??6360.@6<;!.08.46;4<32160.9 (.?@2
For the convenience of recycling, storage, transportation, and disposal, different types of medical waste
should be stored in bags or containers with different
colors. As shown in Table 3, black plastic bag is used
for general waste and domestic waste, and yellow
plastic bag is used for infectious waste, pathological
waste, drug-induced waste and chemical waste. For
sharps waste, such as needles, blades, etc., yellow
special sharp box is used to store them, and blue bag
is used for recyclable medical waste. Sharps waste,
such as needles, scalpels and other metal wastes is
first packed in a yellow sharp box and then placed in
a blue bag. When capacity of packaging reaches 3/4,
the bag or box must be replaced in time and sealed
compactly and tightly, in case of spillage during
transportation and storage. At the same time, it is
necessary to mark the packaging bag and sharp box
with the information of medical waste type, name,
&# 
source, and time of generation, etc., and appropriate
2160.9(.?@2
registration is also necessary.

% 
( 9.??6360.@6<;<3:2160.9C.?@2, -
(.?@2.@24<>E
;320@6<A?C.?@2
!.@5<9<460.9C.?@2
$5.>=?C.?@2
52:60.9C.?@2
!5.>:.02A@60.9C.?@2
E@<@<D60C.?@2
#.16<.0@6B2C.?@2
<;5.F.>1<A?<>42;2>.9
C.?@2

5.>.0@2>6?@60?.;10<:=<?6@6<;<3:2160.9C.?@2
Wastes contaminated by blood or other body fluids, infectious pathogens, or waste from infected patients
Human tissue produced during surgery, contaminated animal carcasses in medical experiments, etc.
Syringes, medical needles, scalpels, blades, etc.
Laboratory of various types of solvents, reagents, disinfectants, fungicides, thermometers, etc.
Expired and contaminated medicines and vaccines, etc.
Waste with high probability to result in carcinoma, mutation or teratogenicity, cytotoxic drugs, etc.
Diagnostic materials or radiotherapy materials contaminated with radionuclides.
Waste that does not produce biochemical abnormalities, radioactive or physical hazards.

% 
56;.9.??6360.@6<;<3:2160.9C.?@2,

 %
#20E09./92

#20E09./92
<:2?@60

(.?@2
.@24<>E
Infectious
Waste
Pathologic
Waste
Chemical Waste
Drug-induced
Waste
Injury Waste 1
Injury Waste 2
Recyclable
Medical waste
Domestic waste

-

5.>.0@2>6F.@6<;<3(.?@2
Medical waste that carries pathogenic microorganisms and causes the spread of infectious diseases.
Human tissue and medical test animal carcasses generated during the diagnosis and treatment process.
Chemicals that is toxic, corrosive, flammable and explosive.
Expired, obsolete, deteriorating or contaminated waste medicines.
Waste medical sharps that can injure or cut the human body, including injection needles, surgical tools,
glass slides, glass test tubes, etc.
Plastic packaging, cartons, infusion bottles, etc.
Food waste, uncontaminated ordinary waste, etc.


% 
9.??6360.@6<;=.08.46;4<3:2160.9C.?@2, -
<9<><16;4
9.08/.4
*299<C/.4
*299<C?.32@E/<D
9A2/.4

%E=2<3:2160.9C.?@2
Non-hazardous or general waste, domestic waste
Infectious waste, pathological waste, drug-induced waste and chemical waste, etc.
Needles, blades, slides, ampoules, etc.
Recyclable medical waste, includes plastic, paper and metal, etc.
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Hospital Departments
Generate
medical waste

Medical staff
classification of waste

Pathological Infectious
Recyclable
Drug-induced Waste
Chemical
Injured

Recyclable medical
waste

Black packet
Domestic Waste

Check packing ¾
Classification

Medical/Domestic
Waste
Non-recyclable waste

Recyclable waste

Non-recyclable
medical waste

Recyclable medical
waste
Temporary storage area

Domestic waste

Domestic waste

&#
9.??6360.@6<;/A?6;2??:<129
Hospital cleaners regularly go to hospital departments to collect medical waste, and check
whether the garbage cans or bags containing medical
waste are damaged or leaked. Hospital cleaners
transfer medical waste from the department to the
hospital waste concentration area, and divide the
medical waste into non-recoverable medical waste
(infectious, pathological, partially sharps, drug-induced, chemical), recyclable medical waste and domestic waste. After the classification is completed,
the medical wastes are placed in packaging bags of
different colors. The packaging bags are marked outside, and the type, name, source, and time of the
waste are indicated in the mark.
Medical staffs in hospitals will put different
types of medical wastes into trash bins with different
colors according to the category of medical waste,
and cleaners in hospital will regularly collect these
trash bins. When medical waste is collected from
hospital departments to hospital waste concentration
areas, hospital cleaners will classify them according
to the categories and characteristics of medical
waste. After completing the classification and packaging of medical waste, it is necessary to mark the
waste turnover box (barrel) and record the information of the area, hospital, department, waste type,
generation time, and responsible person. And the
hospital waste management center must make

corresponding registration work for future reference.
Upon completion of the corresponding business process, the medical waste will be sent to the hospital's
waste temporary storage area and domestic garbage
area, separately.
Medical waste could be divided into non-recyclable medical waste, recyclable medical waste and
domestic waste. Recyclable medical waste includes
disposable medical paper, cartons, plastic packaging, syringes, medicine bottles, infusion bottles, injection needles, scalp needles, surgical tools and
other paper, plastic, and metal products [34]. After
high temperature heating, crushing, dehydration and
other processes, recyclable medical waste is broke
up into PE, PP, PS, ABS, PVC, PC, PET and other
types of plastic and metal particles. Recyclable medical waste should be separately stored, marked, and
transported to a corresponding waste recycling plant
for recycling.
Through classification, on one hand, it facilitates the recycling, storage, transportation and disposal of waste, and on the other hand, it sorts out
medical waste that could be recycled, which could
reduce waste of resources and pollution to the environment and realize the recycling of resources. Recyclable medical wastes may also be contaminated
during use and recycling, thus such kind of medical
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wastes must be strictly sterilized with high-temperature.

2@5<1? This article designed the classification business model and mixed business model of
medical waste based on the current situation of medical waste management. On the basis of this models
and literatures on the composition of medical waste
in China, this paper makes a comparative analysis of
medical waste in Beijing from 2014 to 2016, in order
to calculate the output and composition of recyclable
medical waste, non-recyclable medical waste and
domestic waste respectively, and further illustrates
the importance of strengthening classification management of medical waste.

2160.9 (.?@2 9.??6360.@6<; A?6;2??
<129 As shown in Figure 6, medical wastes are
generated by hospital departments in the daily health
care work. The hospital cleaners collect, sort, pack,
and seal medical wastes regularly, and transfer them
to the storage area of the hospital department for
temporary storage before classifying them.
The classification business process mainly includes the following aspects:

garbage bag must be sealed to prevent spillage during transportation and storage. It is necessary to
identify the packaging bag and the sharp box separately, and to make registration of information.

 9.??6360.@6<; <3 5<?=6@.9 12=.>@:2;@?
The hospital's department could be roughly divided
into: inpatient department, emergency department,
pharmacy, laboratory, radiology, operating room, B
ultrasound room, administrative departments and logistics departments. Departments can be further divided into internal medicine, surgery, pediatrics, gynecology, ophthalmology, otorhinolaryngology, stomatology and other departments.

(.?@2=.08.46;4 Hospital cleaners divide
the medical waste collected from each department
into recyclable medical waste and non-recyclable
medical waste. Yellow bags are used to place nonrecyclable medical waste, and blue bags are used to
store recycling medical waste. For sharps medical
wastes such as needles, blades, etc., yellow special
sharp boxes are used for packaging, and they are
within the scope of recyclable medical waste.

2160.9C.?@20.@24<>E Medical waste can
be divided into 5 categories: infectious waste, pathological waste, sharps waste, drug-induced, and
chemical waste. The detailed classification can be
waste water, surgical waste, laboratory waste, disposable consumables, dressings, food waste, infectious waste, glass products, and other wastes.

 #2=9.02 @52 4.>/.42 /.4 Compared with
the classification business models, mixed business
model should also follow the rule that when the
packaging bag containing medical waste reaches 3/4
of the capacity, the garbage bag should be changed,
and sealed, at the same time labeling and registration
is necessary.

 (.?@2 =.08.46;4 Hospital cleaners regularly collect medical waste from various departments
and classify them into non-recyclable medical waste,
recyclable medical waste, and domestic waste. Different types of medical waste use different colors of
waste packaging bags.
Medical waste packaging bags are mainly divided into 3 types: black, yellow and blue. Among
them, black bags are used to place domestic waste,
yellow packaging bags are used to store non-recyclable medical wastes, and Blue bags are used to place
recyclable medical waste.

$@<>.42<3:2160.9C.?@2 Contrast with the
classification business model, mixed business model
will store on-recyclable medical waste and recyclable medical waste at the corresponding storage areas
for further processing, after packaging sealing and
registration.
Comparing Figure 7 with Figure 6, we know
that in actual practice, many hospitals, especially
small and medium-sized hospitals do not strictly
classify medical waste. Except for a portion of medical waste that can be directly recycled, the rest are
directly mixed together and send as non-recyclable
medical waste to a waste disposal plant for treatment. This not only increases hospital disposal costs,
but also causes environmental pollution and disease
transmission.

$@<>.42<3:2160.9C.?@2 After the garbage
bags filled with medical waste are sealed and registered, they will be stored at the corresponding storage areas that non-recyclable medical waste area, recyclable medical waste area, and domestic waste
area, for subsequent processing.
2160.9 (.?@2 6D21 A?6;2?? !><02??
<129 As shown in Figure 7, the mixed business
model has some differences with the classification
business model.
Compared with the classification business
model, medical waste mixed business model mainly
includes the following aspects:
2160.9C.?@20.@24<>EExcept for medical waste that can be directly recycled, such as plastic, rubber, glass bottles, and metal products, the rest
of the medical waste is directly mixed and disposed
of as non-recyclable medical waste.

#2=9.02@524.>/.42/.4 According to regulations, when the capacity of packaging bag reaches
3/4, the bag needs to be replaced. The original
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Through comparative analysis, we could see
that there are many differences between the mixed
business model and the classification business model
of medical waste in the recycling and treatment of
medical waste. These two kinds of business models
are the real embodiment of whether the medical
waste could be classified strictly in the real world.

paper accounted for 15.05%, rubber accounted for
2.92%, laboratory waste accounted for 11.84%, surgical waste accounted for 25.23%, experimental
specimen accounted for 0.81%, wastewater accounted for 18.85%, dressing accounted for 8.25%,
expired drugs accounted for 0.11%, and disposable
inspectoscope accounted for 2.23% of medical waste
in Beijing [37]. Among them, plastic, paper, rubber,
disposable inspectoscope can be recycled, but actually recycling rates for plastic, paper, rubber, laboratory waste, surgical waste, dressing, expired drugs,
disposable inspectoscope are 73.2%, 1.29%,
36.25%, 0.42%, 2.7%, 0.3%, 4.44%, 32.24%, separately [37]. For ease of calculation, this basic data is
used as classification model. We assumed it is classification model 1.
He et al. statistics showed that currently medical waste in China could be roughly divided into
waste glass, scrap metal, plastic and rubber, and
other medical waste whose proportions are 12%, 3%,
25%, and 60% respectively [38]. Some of the recyclable medical waste is not classified in detail, but is
mixed with other non-recyclable medical waste, and
this basic data is used as mixed model. We assumed
it is Mixed model.

#$&%$$&$$ 
At present, there are few literatures on the classification of medical waste in China. At the same
time, because of the restrictions on the economic
level, medical conditions, and expenditure ability of
various regions, there will be certain differences in
the amount and types of medical waste generated in
different regions. In order to facilitate analysis and
calculation, the paper selects 3 existing articles on
the classification of medical waste in China as the
basic criteria.
Xu statistically analyzed the medical waste application materials of 106 hospitals in Beijing in
1998 and found that plastic accounted for 14.97%,
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Ananth et al. divided medical waste into nine
categories that surgical waste, wastewater treatment
sludge, dressing, infectious waste, food residues,
glassware, laboratory waste, disposable materials,
and others, and the proportion approximately 4.6%,
6.4%, 11.7%, 2.3%, 10.1%, 17.6%, 6.2%, 23.1%,
and 17.9% [39]. This basic data is used as classification model. We assumed it is classification model 2.
We classified and calculated the medical waste
that generated in Beijing from 2014 to 2016 according to this classification ratio.

the hospitalization rate of inpatients and d represents
the number of days of the year [33].
According to the statistics of the WHO, the average output of hazardous waste is 0.5kg/day in
high-income countries, and the averages output is
0.2 kg/day in low-income countries [4]. However,
because low-income countries do not distinguish
hazardous medical waste from harmless medical
waste, the amount of hazardous waste is actually
much higher in low-income countries [4]. Through
calculation, the ratio of medical waste generated in
2014-2016 in Beijing, China, under classification
model 1, mix model, and classification model 2 are
given in Figure 8.

A@=A@<3:2160.9C.?@2Take Beijing as an
example, the outputs of medical waste from 2014 to
2016 were 28,000 tons, 30,000 tons, and 33,100 tons,
respectively. According to the above classification
ratio in Figure 8, the amount of recyclable medical
waste generated in 2014-2016 under classification
model 1, mix model, and classification model 2 are
given in Figure 9.

#2?A9@? %52 42;2>.@6<; >.@2 <3 :2160.9
C.?@2The generation rate of medical waste is generally closely related to the size of the hospital, the
number of beds, inpatients, and the number of patients diagnosed. The formula for the generation rate
of medical waste is calculated as follows:
       
Here, R is the generation rate of medical waste,
W represents the annual output of medical waste, b
represents the number of available beds, r represents
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recyclable medical waste, recyclable medical waste,
and domestic waste on the basis of the number of
hospitals, beds, diagnosis population, outpatient, and
output of medical waste in Beijing from 2014 to
2016. The results further validated the importance of
strengthening the management and classification of
medical waste.

According to the above classification ratio,
through calculation, the amount of non-recyclable
medical waste generated in 2014-2016 in Beijing,
China, under classification model 1, mix model, and
classification model 2 are given in Figure 10.
According to the ratio of medical waste in Figure 8, the output of domestic waste generated in
2014-2016 in Beijing, China, under classification
model 1, mix model, and classification model 2 are
given in Figure 11. The domestic waste in classification model 1 and mix model are not classified
strictly, therefore the output is 0.
Through calculation, we could clearly see the
proportion of output and generation rates of all kinds
of medical waste in Beijing from 2014-2016.

6?0A??6<; In order to facilitate analysis and
calculation, this article compared and analyzed the
differences in the generation rate and output of non-

6?0A??6<; @52 42;2>.@6<; >.@2 <3 :2160.9
C.?@2As shown in Figure 8, according to the statistical data of Xu [37], only 13.7% of the medical
wastes in the classification model 1 are recycled, and
up to 86.3% of the medical waste is directly treated
as non-recyclable medical waste.
In the case of the medical waste mixed model,
the proportion of recyclable medical waste accounts
for approximately 40%, while other types of medical
waste accounts for about 60% of the total, and are
unified treated as non-recyclable medical waste.
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business model and classification model 2 are given
in Fig10. Obviously, classification model 1 has the
highest amount of non-recyclable medical waste and
classification model 2 has the lowest output of nonrecyclable medical waste. Although the amount of
medical waste in Beijing from 2014 to 2016 increased by 2000 to 3000 tons per year, after detailed
classification, we can find that in comparison with
total output of medical waste, the amount of non-recyclable medical waste only had a small increase.
As shown in Figure 11, the outputs of domestic
waste from 2014 to 2016 under classification model
1 and the mixed model were zero. This is because in
most cases, medical waste is not classified in detail,
so domestic waste is treated as non-recyclable waste.
However, classification model 2 classifies the medical waste in detail, and gets that the proportion of
food residues is about10.1%.

  A@=A@ <3 1<:2?@60 C.?@2 As shown in
Figure 11, output of domestic waste in classification
model 2 from 2014 to 2016 increased at a small annual rate. The domestic waste in classification model
1 and mix model are not classified strictly, therefore
the output is 0. Since the disposal costs and environmental costs of domestic garbage are lower than
those of medical waste, strictly classification will
substantially reduce the amount of non-recycle medical waste, as well as the disposal costs and environment pollution.
Through comparative analysis of these three
models, it can be seen that strict classification of
medical waste will increase the yield of recyclable
medical waste and reduce the yield of non-recyclable
medical waste. Strict classification could also separate domestic waste from medical waste. Since the
disposal cost of domestic waste is lower than medical waste, it also reduced the disposal cost of medical
waste to a certain extent. Strict classification of medical waste could reduce the output of non-recyclable
medical waste effectively, lower the disposal cost of
medical waste and reduce environmental pollution.

In classification model 2, medical wastes are
strictly classified, and about 31.2% of the total medical waste is non-recyclable, which composed of surgical waste, waste water treatment sludge, infectious
waste, dressing, and laboratory waste, the proportion
is 4.6%, 6.4%, 2.3%, 11.7%, 6.2%, respectively.
Due to difference in statistical methods, regional disparity, medical waste type difference, non-recyclable waste’s proportion 31.2% differs from WHO's
statistic proportion 15%. The proportion of recyclable medical waste is around 40.7%, which includes
glassware 17.6%, disposable materials 23.1%. The
food residue is about 10.1%, and others that could be
disposed of as domestic waste accounts for about
17.9%. Particularly, without detailed classification
most of the food residues could be treated as nonrecyclable medical waste.
The data used in classification model 1 is quite
old, back to 1998, medical waste recycling-classification technology and management level were limited, and hence the proportion of recyclable medical
waste under classification model 1 is much lower
than those under the mixed business model and classification model 2. It is further verified that the refinement of the classification criteria and the improvement of technology and management levels
will help increase the amount of recyclable medical
waste.
The classification business model and the
mixed business model do not classify domestic
waste in detail, thus, except for some of the waste
that could be recycled directly, the rest are treated as
non-recyclable medical waste, which increased the
disposal cost of medical waste to some extent.

6?0A??6<; @52 <A@=A@ <3 :2160.9 C.?@2  
A@=A@<3>20E09./92:2160.9C.?@2 Through calculation, the output of recyclable medical waste in
classification model 1, mix model, and classification
model 2 in 2014 was 3836 tons, 11,200 tons and
11,396 tons, respectively; @he output of recyclable
medical waste in 2015 was 4110 tons, 12,000 tons
and 12,210 tons, respectively; the output of recyclable medical waste in 2016 was 4535 tons, 13,240
tons and 13472 tons, respectively. 
As can be seen from the figure 9, the recyclable
medical waste generated by the three models showed
an increased trend from 2014 to 2016, mainly due to
the total amount of medical waste increased. The annual growth of recyclable medical waste in mixed
model and classification model 2 is about 1 000 tons,
while the growth of the recyclable medical waste in
the classification model 1 is small, this is mainly due
to the classification and statistical reasons results in
the proportion of recyclable medical waste is small
in classification model 1.

 &$ 

The article analyzes the practical problems in
the classification management of medical waste, and
analyzes the key data concerning the number of medical and health institutions, the number of hospital
beds, the number of patients diagnosed and discharged, and the number of medical waste generated
in Beijing from 2014 to 2016. Comparative analyses
on the output rate of medical waste and the amount
of recyclable medical waste, domestic waste, and
non-recyclable medical waste under the mixed business model and classification business model, the
differences in the statistic results of the above data
under different business models verify the importance of classification management.

  A@=A@<3;<;>20E09./92:2160.9C.?@2
The outputs of non-recyclable medical waste from
2014 to 2016 under classification model 1, mixed
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As there is no effective updating data for specific hospitals, the analyses of this paper are conducted on the basis of existing data, so it is impossible to get the amount of each type of medical waste
produced by various levels of hospitals, the disposal
costs of different types of medical waste, and the environmental costs under actual conditions. This is
the limitation of this article, and it is also the key potential research direction. In the future, we will focus
on overcoming such shortages in order to achieve a
higher level and more practical medical waste classification management strategies.

[8] Ministry of Environmental Protection of the
People’s Republic of China. (2015) Annual Report on Environmental Prevention and Control
of Solid Waste Pollution in Large and MediumSized Cities in China in 2015. Available online:
http://www.mee.gov.cn/
[9] Ministry of Environmental Protection of the
People’s Republic of China. (2016) Annual Report on Environmental Prevention and Control
of Solid Waste Pollution in Large and MediumSized Cities in China in 2016. Available online:
http://www.mee.gov.cn/
[10]Ministry of Environmental Protection of the
People’s Republic of China. (2017) Annual Report on Environmental Prevention and Control
of Solid Waste Pollution in Large and MediumSized Cities in China in 2017. Available online:
http://www.mee.gov.cn/
[11]Birpınar, M.E., Bilgili, M.S. and Erdoğan, T.
(2009) Medical waste management in Turkey: A
case study of Istanbul. Waste Management.
29(1), 445-448.
[12]Abdulla, F., Qdais, H.A. and Rabi, A. (2008)
Site investigation on medical waste management practices in northern Jordan. Waste Management. 28(2), 450-458.
[13]Windfeld, E.S. and Brooks, M.S.L. (2015) Medical waste management–A review. Journal of
Environmental Management. 163, 98-108.
[14]Kei Robert, M. and Njagi Ananias, N. (2013)
Management of Health-Care Waste: A Case
Study of Two National Teaching and Referral
Hospitals in Kenya. Journal of Emerging Trends
in Engineering and Applied Sciences (JETEAS).
4(4), 588-593.
[15]Akpieyi, A., Tudor, T.L. and Dutra, C. (2015)
The utilisation of risk-based frameworks for
managing healthcare waste: A case study of the
National Health Service in London. Safety Science. 72, 127-132.
[16]Campion, N., Thiel, C.L., Woods, N.C., Swanzy,
L., Landis, A.E. and Bilec, M.M. (2015) Sustainable healthcare and environmental life-cycle
impacts of disposable supplies: a focus on disposable custom packs. Journal of Cleaner Production. 94, 46-55.
[17]Conrardy, J., Hillanbrand, M., Myers, S. and
Nussbaum, G.F. (2010) Reducing medical waste.
AORN Journal. 91(6), 711-721.
[18]Cheng, Y.W., Li, K.C. and Sung, F.C. (2010)
Medical waste generation in selected clinical facilities in Taiwan. Waste Management. 30(8),
1690-1695.
[19]Komilis, D., Fouki, A. and Papadopoulos, D.
(2012) Hazardous medical waste generation
rates of different categories of health-care facilities. Waste Management. 32(7), 1434-1441.


 (%$

This work has been supported by the Natural
Science Foundation of China (Project No.
71671011, No. 71332003), the base project of Beijing social science foundation (Project No.
17JDGLB019), China Scholarship Council.
##$

[1] State Council of the People's Republic of China.
(2003) Decree of the State Council of the People's Republic of China (No. 380), Regulations
on the Administration of Medical Wastes. Available at: http://www.nhfpc.gov.cn/mohzcfgs/pfg/
200804/18302.shtml.
[2] Liu, H. and Yao, Z. (2017) The Research on Recycling Management Model of Medical Waste
Based on RFID Technology. Fresen. Environ.
Bull. 26, 5069-5081.
[3] Liu, H., Yao, Z. and Zhang, Q. (2018) A Temporary Storage Systematic Model for Medical
Waste Based on RFID Technology. Fresen. Environ. Bull. 27, 6152-6161.
[4] World Health Organization (WHO) (2018)
Health-care waste. Key facts. Available at:
http://www.who.int/mediacentre/factsheets/fs
253/en/.
[5] Beijing Municipal Commission of Health and
Family Planning. (2015) Beijing municipal
health and family planning development statistical bulletin in 2014. Available at: http://www.
phic.org.cn/
[6] Beijing Municipal Commission of Health and
Family Planning. (2016) Beijing municipal
health and family planning development statistical bulletin in 2015. Available at: http://www.
phic.org.cn/
[7] Beijing Municipal Commission of Health and
Family Planning. (2018) Beijing municipal
health and family planning development statistical bulletin in 2016. Available at: http://www.
phic.org.cn/.

1415

$#

! %   





!"  ! 


[31]Zhang, H.J., Zhang, Y.H., Wang, Y., Yang, Y.H.,
Zhang, J., Wang, Y.L. and Wang, J.L. (2013) Investigation of medical waste management in
Gansu Province, China. Waste Management and
Research. 31(6), 655-659.
[32]Zhang, Y., Xiao, G., Wang, G.X., Zhou, T. and
Jiang, D.W. (2009) Medical waste management
in China: a case study of Nanjing. Waste Management. 29(4), 1376-1382.
[33]Xin, Y.T. (2015) Comparison of hospital medical waste generation rate based on diagnosis-related groups. Journal of Cleaner Production. 100,
202-207.
[34]National Health and Family Planning Commission of the People’s Republic of China. (2013)
Catalogue of Classified Medical Waste. Available at: http://www.moh.gov.cn/zwgkzt/mdml/
201306/65605243db4e4635a9a4f819d8e6de5f.
shtml.
[35]Taghipour, H. and Mosaferi, M. (2009) Characterization of medical waste from hospitals in Tabriz, Iran. Science of the Total Environment.
407(5), 1527-1535.
[36]The Environmental Protection Administration
of the People’s Republic of China. (2003) Regulations on Special Packing, Vessel Standard
and Warning Sign for Medical Waste. UNCED
NO:188. Available online: http://www.zhb.gov.
cn/gkml/zj/wj/200910/t20091022_172239.htm
[37]Xu, Q. (2000) Status and countermeasures
Analysis of Medical Waste Production and
Treatment in Beijing. Environmental Protection
Science. 26(101) (In Chinese).
[38]He, Z.G., Li, Q. and Fang, J. (2016) The solutions and recommendations for logistics problems in the collection of medical waste in China.
Procedia Environmental Sciences. 31, 447-456.
[39]Ananth, A.P., Prashanthini, V. and Visvanathan,
C. (2010) Healthcare waste management in Asia.
Waste Management. 30(1), 154-161.

[20]Maamari, O., Brandam, C., Lteif, R. and Salameh, D. (2015) Health Care Waste generation
rates and patterns: The case of Lebanon. Waste
Management. 43, 550-554.
[21]Patwary, M.A., O’Hare, W.T., Street, G., Elahi,
K.M., Hossain, S.S. and Sarker, M.H. (2009)
Quantitative assessment of medical waste generation in the capital city of Bangladesh. Waste
Management. 29(8), 2392-2397.
[22]Debere, M.K., Gelaye, K.A., Alamdo, A.G. and
Trifa, Z.M. (2013) Assessment of the health care
waste generation rates and its management system in hospitals of Addis Ababa, Ethiopia, 2011.
BMC Public Health. 13(1), 28.
[23]Tesfahun, E., Kumie, A., Legesse, W., Kloos, H.
and Beyene, A. (2014) Assessment of composition and generation rate of healthcare wastes in
selected public and private hospitals of Ethiopia.
Waste Management and Research. 32(3), 215220.
[24]Al-Khatib, I.A. (2014) Medical waste management practices in a Palestinian District hospitals,
Palestine. International Conference on Agriculture, Environment and Biological Sciences
(ICFAE’14). Antalya, Turkey, 34-36.
[25]Al-Khatib, I.A., Al-Qaroot, Y.S. and AliShtayeh, M.S. (2009) Management of
healthcare waste in circumstances of limited resources: a case study in the hospitals of Nablus
city, Palestine. Waste Management and Research. 27(4), 305-312.
[26]Nguyen, D.L., Bui, X.T. and Nguyen, T.H.
(2014) Estimation of current and future generation of medical solid wastes in Hanoi City, Vietnam. International Journal of Waste Resources.
4(2), 2-5.
[27]Mbarki, A., Kabbachi, B., Ezaidi, A. and
Benssaou, M. (2013) Medical waste management: A case study of the souss-massa-draa region, morocco. Journal of Environmental Protection. 4(09), 914.
[28]Graikos, A., Voudrias, E., Papazachariou, A.,
Iosifidis, N. and Kalpakidou, M. (2010) Composition and production rate of medical waste
from a small producer in Greece. Waste Management. 30(8), 1683-1689.
[29]Gai, R., Kuroiwa, C., Xu, L.Z., Wang, X.Z.,
Zhang, Y.F., Li, H.J., Zhou, C.C., He, J.J. and
Tang, W. (2009) Hospital medical waste management in Shandong Province, China. Waste
Management and Research. 27(4), 336-342.
[30]Gai, R.Y., Xu, L.Z., Li, H.J., Zhou, C.C., He, J.J.,
Yoshihisa, S., Tang, W. and Chushi, K. (2010)
Investigation of health care waste management
in Binzhou District, China. Waste Management.
30(2), 246-250.

#2026B21
002=@21

   
   

 ##$! &% #

+5<;4*.<
School of Economics and Management,
Beihang University,
No.37 Xueyuan Road, Haidian District,
Beijing, 100191 – P.R. China
e-mail: iszhyao@buaa.edu.cn

1416

$#

! %   





!"  ! 




##!#"!#"
"#!!#(!"

-)<)=B1-5;3))?1,):-5376,:B-2&A;7316;31

Siedlce University of Natural Sciences and Humanities, Chair of Soil Science and Agricultural Chemistry, Siedlce, Poland

"#!#

cattle and pig population, from which manure and
slurry (two of the most common natural fertilizers)
originate [1]. In contrast to the decreasing tendency
of the cattle and pig population, a dynamic increase
in the number of poultry farms has been observed in
Poland and around the world, which concentrate
mainly on egg production (laying poultry) and meat
production (broilers). A side effect of poultry production are waste organic substances generated in
high amounts in the form of droppings (pure excrement) and manure (excrements with bedding), the
chemical composition of which depends primarily
on the intended use of the animals and their breeding
method (bedding or non-bedding). Numerous researchers [2, 3, 4, 5, 6] have reported that droppings
from hen production are characterized by a high content of nutrients, one of the highest among various
species of animals. These droppings are often a problem for producers and their improper management
can lead to environmental pollution. The application
of natural and organic fertilizers and waste organic
matter should take into account not only their content
of macroelements, but also microelements and heavy
metals [7, 8]. Microelements include nickel, a toxic
element whose levels in the environment is systematically increasing due to its various applications
(metals and chemical industries, medicine) [9, 10] .
The introduction of excessive amounts of this element to the soil could result in its deposition in soil
and plants and have a negative impact on living organisms [11].
This study analysed the content of carbon in organic compounds, nitrogen, phosphorus, potassium
and total nickel, as well as the distribution of nickel
in fractions separated according to the BCR procedure in selected natural fertilizers.


#!"#"

The aim of this study was to determine the content of organic carbon, nitrogen, phosphorus, potassium and total nickel and its fractions, separated by
the BCR procedure in selected natural fertilizers.
Swine, bovine and chicken (from broilers and layers)
manures, from selected individual farms from the
districts of Siedlce, Sokolow and Losice in Mazowieckie province, were analyzed. The organic carbon was determined by the oxidation-titration
method and total nitrogen content by the Kjeldahl
method. Total phosphorus, potassium and nickel
content was determined by inductively coupled
plasma atomic emission spectrometry (ICP-AES).
Sequential fractionation of nickel was made using
the analytical procedure, in accordance with the
methodology proposed by the European Community
Bureau of Reference, abbreviated as a BCR method.
The results were analyzed statistically using the
STATISTICA 12PL (StatSoft, Tulsa, USA). Analyzed organic materials were varied both in terms of
content macroelements and nickel. The highest content of organic carbon and total nitrogen contained
was found in swine manure, phosphorus and potassium in manure from layers, while manure from
broilers contained the largest quantities of nickel.
Distribution of nickel in the analyzed fractions depend on the origin of organic fertilizer. The swine,
bovineand manure from layers contained the most
oxidizable fraction, therefore formsof nickel associated with organic matter and sulfides, while the least
reducible fraction. Differently, this fraction was
dominated in the manure from broilers. In this organic material the smallest percentage accounted for
exchangeable and easily soluble in an acidic environment forms.


'&!"
Natural fertilizers, macroelements, nickel.

The material used for the analyses was pig and
cattle manure and droppings from laying hens and
broiler chickens originated from selected farms and
individual holdings in Siedlce, Łosice and Sokołów
Districts in the province of Mazovia. Samples for
each natural fertilizer were collected from 10 facilities, according to the PN-R-04006:2000 standard
[12]. The total nitrogen content was determined by
the Kjeldahl method, after “wet” mineralization in

#!$#
One of the main problems in modern farming is
a negative balance of soil organic matter, which, in
effect, leads to soil degradation. In Poland, it is
mostly related to a decreasing (for several years)
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concentrated sulphuric acid followed by distillation
of ammonia, carbon in organic compounds by the
oxidation-titration procedure, total phosphorus, potassium and nickel by inductively-coupled plasma
atomic emission spectrometry (ICP-AES) using the
Optima 3200 RL spectrometer manufactured by Perkin Elmer, after previous “dry” mineralization of
materials in a muffle furnace at 450oC and after dissolving ash in 10% HCl. Sequential extraction of
nickel was performed using an analytical procedure
pursuant to the methodology proposed by the European Community Bureau of Reference in its modified version referred to as the BCR method [13] , the
scheme of which is presented in Table 1.
This method permits the following fractions to
be separated: exchangeable and acid-extractable
(F1), reducible (F2), and oxidizable (F3). Nickel
content in the post-extraction residue (F4) was calculated from the difference between the total content
of this metal and the sum of fractions F1, F2 and F3.
The amount of the metal analysed in individual fractions was determined with the ICP-AES method. The
results of the research were statistically analysed using STATISTICA 12PL software (Statsoft, Tulsa,
USA). To analyse the significance of differences between the total content of nickel in the examined organic materials and the amount of individual fractions of this metal, an analysis of variance and a posthoc Tukey test were conducted. The means were arranged into uniform groups at a significance level of
α<0.05. Additionally, a correlation analysis between
the total contents of the determined elements was
carried out.

potassium (Table 2).
The highest amounts of carbon in organic compounds and total nitrogen were determined in pig
manure, respectively (mean values): C – 351.3 g kg1
d.m. (ranging from 254.2 to 424.3, at the value of
the coefficient of variation 16.99%), N – 32.20 g k g1
d.m. (ranging from 26.00 to 38.10, at the value of
the coefficient of variation 13.50%); and phosphorus
and potassium in the droppings from laying hens, respectively (mean values): P – 28.53 g kg-1d.m. (ranging from 16.00 to 48.22, at the value of the coefficient of variation of 39.80%), K – 31.52 g kg-1d.m.
(ranging from 19.90 to 40.12, at the coefficient of
variation of 25.99%). The lowest amounts of carbon
in organic compounds and total nitrogen were found
in droppings from boilers, respectively (mean values): C – 212.2 g kg-1d.m. (ranging from 198.6 to
248.6, at the value of the coefficient of variation of
7.020%), N – 21.61 g kg-1d.m. (ranging from 16.70
to 27.20, at the value of the coefficient of variation
of 19.24%), and phosphorus and potassium in the
cattle manure, respectively (mean values): P – 4.298
g kg-1d.m. (ranging from 3.150 to 6.120, at the value
of the coefficient of variation of 19%), K – 9.550 g
kg-1d.m. (ranging from 7.380 to 12.48, at the coefficient of variation of 15.31%). Bednarek et al. [16],
analysing natural fertilizers from the Lublin area,
found that the average content of nitrogen, phosphorus and potassium (in fresh mass) in cattle manure
was: N – 1.03%, P – 0.35%, K – 1.00%, and in bird
droppings, respectively: N – 1.40%, P – 0.51%, K –
0.96%.
Myszograj and Puchalska [6] studied the chemical composition of bird droppings and found that the
average content of the macroelements under analysis
in manure from broiler chickens amounted to, respectively (g kg-1s.m.): N – 28.0, P – 30, K – 15, and
in the droppings from laying hens, respectively: N –
14.0; P – 7.50; K – 8.30. For natural and organic fertilizers and waste organic substances used for fertilizing purposes, it is not only the content of macro–
elements that is important, but also the content of micro–elements and heavy metals. According to the results of previous studies [17] (Kuziemska et al. 2014)
and results obtained by Molas [18], nickel belongs to
a group of elements that are essential, yet toxic [11].
In small amounts, it is necessary for plants and its
most important physiological function is related to
the reaction of hydrolytic decomposition of urea to

!"$#""$""

The chemical composition of natural and organic fertilizers is variable and depends on multiple
factors, the most important of which include the age
and species of the animals, their feeding method and
intended use, the amount and the chemical composition of the bedding applied and the storage method
and application [14, 15, 16]
The authors own research demonstrated that the
natural fertilizers under analysis, i.e. pig and cattle
manure and droppings originating from laying hens
and broilers, featured a varied content of carbon in
organic compounds, total nitrogen, phosphorus and


# 
,1)/:)57.<0-!5-<)4;-9=-6<1)4-@<:)+<1765-<07,
Fraction
Name of fractions
Extraction reagents
F1
Exchangeable and acid soluble
0,1 M CH3COOH
F2
Reducible
0,5 M NH2OH · HCl
F3
Oxidisable
8,8 M H2O2 + 1 M CH3COONH4
Calculated as difference between total
content and sum of three previously sepaF4
Residual
rated fractions
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ammonia and carbon dioxide. This reaction occurs in
the presence of urease, in which nickel makes an active centre [9, 10, 18]. Nickel taken up in excessive
amounts results in decreasing the yield of crops and
leads to unfavourable changes in their chemical composition. In own research, the highest amounts of
nickel were determined in droppings from broilers –
on average 20.6 mg kg-1d.m. (ranging from 9.49 to
39.8, with a coefficient of variation of 54.58%) and
the lowest was in pig manure – on average 5.47 mg
kg-1d.m. (ranging from 3.08 to 8.26, with a coefficient of variation of 58.10%) (Table 2). Park et al.
[7] report that the mean content of nickel in manure
originating from broiler chickens ranges from 2.46
to 7.00 mg kg-1d.m. and in droppings from laying
hens it was 14 mg kg-1d.m. However, the total content of heavy metals in various elements of the environment – soil, natural and organic fertilizers – does
not provide any information on its potential assimilability or related biotoxicity. Such information is
only provided by the content of assimilable or potentially assimilable forms, which can be determined by
numerous analytical methods [19].
The natural fertilizers analysed in this study
contained various amounts of nickel in separated
fractions (Table 3).
In pig and cattle manure and in droppings from
laying hens, the highest amount of the element under
analysis was separated in fraction F3 – oxidizable,
which accounted for, on average: 39.7%, 53.0% and
35.5% in relation to its total content in those materials, and the lowest amount in fraction F2 – reducible.
This fraction accounted for, respectively: 10.4% in
pig manure, 7.84% in cattle manure and 16.7% in
droppings from laying hens, in relation to the total
content. In droppings from broiler chickens, the
highest amount of nickel (36.1% in relation to the total content) was separated in fraction F2 – reducible
and the lowest (15.6%) was separated in relation to
the total content in fraction F1 – exchangeable and
acid-extractable. Detailed distribution of the


discussed metal in separated fractions in the examined organic materials can be presented in the following decreasing series:
pig and cattle manure: F3 > F4 > F1 > F2
droppings from laying hens: F3 > F1 > F4 > F2
droppings from broilers: F2 > F3 > F4 > F1
The conducted studies demonstrated that the
percentage share of exchangeable and acid-extractable forms of nickel (fraction F1) in relation to its total
content in the natural fertilizers under analysis did
not exceed 30% and amounted to: 10.3% in cattle
manure, 15.6% in droppings from broilers, 18.1% in
pig manure and 28.8% in droppings from laying
hens. The performed correlation analysis revealed a
significant relationship between the content of the
selected elements in the examined organic materials.
In this study, the content of macroelements and
nickel proved significantly correlated and Kuziemska et al. (2014) [20] found that the contents of
magnesium, zinc, iron and chromium were also significantly correlated (Table 4).
The values of the correlation coefficient between the content of carbon in organic compounds
and the content of nickel in the examined fertilizers
(r = - 0.58xx), zinc (r = - 0.47xx), iron (r = - 0.60xx),
chromium (r = - 0.56xx), nitrogen (r = - 0.37xx) and
magnesium (r = - 0.35xx) deserve particular attention.
It is also worth noting the interrelation between the
content of nitrogen and the contents of nickel (r = 0.48xx), iron (r = - 0.66xx), chromium (r = - 0.56xx)
and carbon in organic compounds (r = - 0.37xx).
Summarizing the conducted chemical analyses
of selected natural fertilizers, it should be concluded
that their chemical composition is significantly differentiated by their origin. The results obtained in
own research are similar to those obtained by Park et
al. [7], Myszograj and Puchalska [6], Bednarek et al.
[16], Teixeir et al. [21] and Raza et al. [22] and
demonstrate that the fertilizers under analysis are a
good source of renewable organic matter and nutrients for plants.


# 
-;+:18<1>-;<)<1;<1+)6,0757/-6-7=;/:7=8;7.5-)6;+76<-6<7.15/3/ )6,;-4-+<-,
5)+:7-4-5-6<;/3/ 16)6)4AB-,5)<-:1)4;
Material
Chicken manure (broilers) – CM(B)
Element
Ni
N
C
P
K
Mean
20.61
21.61
212.2
22.87
18.68
SD*
11.25
4.158
14.90
2.744
2.038
RSD**
54.58
19.24
7.020
12.00
10.91
Min.
9.490
16.70
198.6
18.42
15.42
Max.
39.75
27.20
248.6
26.14
21.08
Material
Bovine manure – BM
Element
Ni
N
C
P
K
Mean
8.812
25.44
343.8
4.298
9.550
SD*
1.525
1.804
47.07
0.817
1.462
RSD**
17.30
7.090
13.69
19.01
15.31
Min.
6.930
23.10
300.4
3.150
7.380
Max.
11.02
28.60
435.4
6.120
12.48
* SD – standard deviation, **RSD – relative standard deviation (%)
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Chicken manure (layers) – CM(L)
N
C
P
31.77
323.4
28.53
3.400
47.38
11.36
10.70
14.65
39.80
24.50
242.0
16.00
36.20
399.8
48.22
Swine manure – SM
Ni
N
C
P
5.473
32.20
351.3
10.67
1.663
4.347
59.68
1.344
30.39
13.50
16.99
12.60
3.080
26.00
254.2
8.420
8.260
38.10
424.3
12.48
Ni
10.99
6.384
58.10
2.810
24.03

K
31.52
8.192
25.99
19.90
40.12
K
17.78
3.979
22.38
10.46
23.18
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# 
-;+:18<1>-;<)<1;<1+)6,0757/-6-7=;/:7=8;7.5-)6;+76<-6<7.15/3/ 16.:)+<176;)6,
)6)4AB-,5)<-:1)4;
Fraction
F1
F2
Material
Chicken manure (broilers)
Mean
3.217
7.437
SD*
1.324
3.981
RSD**
41.16
53.53
Min.
1.390
3.230
Max.
5.720
13.70
Mean for material
5.154c
SD* for material
3.351
RSD** for material
65.03
Material
Chicken manure (layers)
Mean
3.169
1.839
SD*
1.794
1.151
RSD**
56.63
62.59
Min.
0.950
0.480
Max.
6.800
4.260
Mean for material
2.747b
SD* for material
1.813
RSD** for material
66.00
Material
Bovine manure
Mean
0.907
0.691
SD*
0.123
0.418
RSD**
13.60
60.56
Min.
0.750
0.350
Max.
1.120
1.810
Mean for material
2.203ab
SD* for material
1.732
RSD** for material
78.63
Material
Swine manure
Mean
0.991
0.571
SD*
0.245
0.199
RSD**
24.73
34.91
Min.
0.700
0.380
Max.
1.420
0.990
Mean for material
1.368a
SD* for material
0.841
RSD** for material
61.49
Mean for fraction
2.071a
2.635a
SD* for fraction
1.568
3.485
RSD** for fraction
75.70
132.3
* SD – standard deviation, **RSD – relative standard deviation (%)
a, ab, b, c – homogeneous groups of means at α<0,05

F3

F4

5.769
3.307
57.32
2.240
11.84

4.191
2.954
70.48
1.810
9.980

3.907
2.071
53.01
1.040
8.120

2.072
1.515
73.10
0.340
4.850

4.670
0.801
17.15
3.520
5.820

2.544
0.935
36.74
0.670
4.000

2.167
0.867
39.99
1.060
3.620

1.744
0.697
39.98
0.900
2.830

4.128b
2.366
57.32

2.638a
1.940
73.55


#
%)4=-;7.<0- -):;76C;+7::-4)<176+7-..1+1-6<;*-<?--6<7<)4+76<-6<7.1)6,;-4-+<-,-4-5-6<;16<0-
)6)4AB-,5)<-:1)4;
EleNi
Zn
Fe
Cr
N
C
P
K
Mg
ment
Ni
0.397* 0.742** 0.606** -0.475** -0.578**
0.277
0.014
0.431**
Zn
0.397*
0.442**
0.303
-0.028 -0.474** 0.584** 0.404** 0.495**
Fe
0.742** 0.442*
0.764** -0.662** -0.599**
0.170
-0.191
0.186
Cr
0.606**
0.303
0.764**
-0.704** -0.558** -0.085 -0.426**
0.110
N
-0.475** -0.028 -0.662** -0.704**
0.367*
0.023
0.293
-0.093
C
-0.578** -0.474** -0.599** -0.558** 0.367*
-0.307
0.018
-0.350*
P
0.277
0.584**
0.170
-0.085
0.023
-0.307
0.808
0.705**
K
0.014
0.404**
-0.191 -0.426**
0.293
0.018
0.808**
0.564**
Mg
0.431** 0.495**
0.186
0.110
-0.093
-0.350* 0.705** 0.564**
* - differences significant at α<0,05, ** - differences significant at α<0,01
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• The total content of carbon in organic compounds, nitrogen, phosphorus, potassium and total
nickel and nickel distribution in fractions determined
according to the BCR procedure varied depending on
the origin of the natural fertilizer.
• The highest amount of carbon in organic
compounds and total nitrogen was determined in pig
manure, phosphorus and potassium in droppings
from laying hens and nickel in droppings from broilers.
• The lowest amount of carbon in organic
compounds and total nitrogen was found for droppings from broilers, phosphorus and potassium in
cattle manure and nickel in pig manure.
• The share of nickel in fraction F1 – exchangeable and acid-extractable, in relation to its total content in the analysed natural fertilizers did not
exceed 30% and was the highest in droppings originating from laying hens and was the lowest in cattle
manure.
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not need the fungus for development [10, 11, 12,
13, 14]. Accidental inhabitants that are uncommonly found on fungi and presumably do not feed on
them. (e.g. Hymenopteran and dipteran parasitoids
parasitize eggs, larvae or pupa of the fungivorous
insects) [12].
The species composition of fungivorous insect
communities varies depending on the characteristics of the fruitbodies they use as habitat. Some
macroscopic fruitbodies are perennial (e.g. polypore brackets) while others are ephemeral lasting
for only a few days (e.g. Agaricales). Insects that
feed on agarics are mostly polyphagous because the
fruitbodies are unpredictable and ephemeral resources. On the other hand, half of the insects feeding in polypore brackets are monophagous, which
probably results from evolution of physiology to
cope with the specific chemical defenses, and
mouth parts to cope with the physical structure of
the host bracket [15]. However, Hingley [16],
Lawrence [17], Boddy, et al. [18] and Pacioni, et al.
[19] have shown that some insects use the fruitbodies of Ascomycota as habitat.
 "!!'%, which is mostly associated
with %*!(& L. spp. (ash-trees), is an Ascomycota
species. It is a wood inhabitant and a weak facultative parasite that can continue to decay wood in
dying or dead host trees [20]. However, Stadler et
al. [21] pointed out that ! is not a parasitic
genus. They suspect from their own experience that
most of those were derived from damaged hosts
that had partly become senescent. According to
Johannesson et al. [22],  "!!'% causes decaying on living trees, but decay-extension of cut or
burned trees is more significant.
It is also known that stromata of
"!!'% are habitat for animals. Some insect
species, such & #+(& (!'(& (Fabricius) and
'+%!(& %&!"&(& (Scopoli) are obligate consumers of "!!'% [16].
Although many studies were in the literature
on the use as a habitat of macrofungi in the world,
we could not find any research on this subject carried out in Turkey. The main purpose of present
study is to evaluate the habitat characteristic of 
"!!'% is a habitat for insects in our country
and to determine insect species associated with 
"!!'%. It is also to make comparisons with the

Fruitbody – associated insects constitute a
very important component of forest entomofauna.
Different ecological groups of fungi host many
insect species and supply a wealthy habitat for
them. In present study, an ascomycete species
! "!!'% (Bolton) Ces. & De Not is
evaluated as habitat for insects. Stromata (fruitbodies) of "!!'% were collected from dead and
dying ash trees in Sarıyer – Istanbul in 2016. Stromata were placed separately in plastic containers
and left under the laboratory conditions, then insects emerged from stromata were identified. In our
study was found, 11 insect species inhabited 
"!!'%.We can say that four of them are obligate fungivores, two are facultative fungivores and
the others accidental users of stromata. In addition,
%'"& (& (Abeille de Perrin) and ! 
#(&'(' (Thunberg) are known preferring basidiocarps of polypores, but our study reveals that these
species can use an ascomycete.


%# 
!"!!'%, Fungivory, Habitat, Insects

!"!
Fruitbody – associated insects constitute a
very important component of forest entomofauna.
Different ecological groups of fungi shelter plenty
of insect species and also supply a wealthy habitat
for them [1, 2, 3]. Diptera (flies) and Coleoptera
(beetles) are the most common, obvious and important insects attacking fungi [1, 4, 5]. It has also
been shown that some species of Tineidae, Hepialidae and Noctuidae (Lepidoptera) are fruitbody –
associated [6, 7, 8, 9].
These insects comprise both obligate and facultative on fruitbodies of fungi. Several ecological
classifications exist for fungivorous insects, and we
recognize three based on the type of relationship the
beetle has with its fungal host. Obligate fungivorous (larvae or adults) feed on fungi by grazing
fungal spores and mycelia. Facultative insects feed
on fungi at some point during their life, but they do
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previous studies. Thus, the presence or absence of
obligate consumers of  "!!'% will be defined in our country. In addition, this study aims to
contribute to biodiversity studies in our country
from a different perspective.

Containers were checked at certain intervals to
detect emerging insects. They were examined with
LEICA S8APO stereomicroscope and identified.
Color photographs of specimens were prepared by
using the stereomicroscope with a LEICA DFC295
digital video camera. Representatives of fungi and
insect specimens were prepared with appropriate
methods and preserved at Istanbul University –
Cerrahpaşa, Faculty of Forestry, Department of
Forest Entomology and Protection.

! ! 
Sarıyer is located on the European side of Istanbul and surrounded by the Bosphorus in the east
and the Black Sea in the north. It spans an area of
about 15.000 ha. and a part of the Belgrad Forest is
located within the boundaries of the Sarıyer district
(Fig. 1). In this area, there are more than 400 plant
species including herbaceous and woody plants
which are natural broad-leaves and planted conifers. In addition, 280 species of macrofungi have
been identified [23, 24] .
! is one of the best known and most
conspicuous genera in the Xylariaceae and its type
species ! "!!'% (Bolton:Fr) Ces. &
De Not. is one of the most distinctive and illustrated
pyrenomycetes with its notable concentric zonation.
The conspicuous, persistent stromata (fruitbodies)
develop on woody plants and may at times occur in
masses [20, 21].
Stromata of  "!!'% become mature in
the spring (February - May, depending on the geographic region). In this research, stromata, which
are spherical, or cylindrical and solitary or clustered, were collected from dead or dying %*!(&
spp.L., (ash trees) in the spring and early summer
of 2016. The field was randomly sampled and 86
stromata were collected and placed in plastic containers then left under the laboratory conditions.

 "!  "



The present study attempts to evaluate an ascomycete fungus as habitat for insects. 11 insect
species have been identified that use stromata of 
"!!'% as habitat in Sarıyer. These insect species are the members of Coleoptera, Dermaptera
and Lepidoptera.
#+(& (!'(& (Fabricius) (48.59%) was
the most abundant species in this study. Thesecond
abundant species was !'# #&'%& (Rossi) (15.25%) and '+%!(& %&!"&(& (Scopoli)
(13.56%) was third abundant species. This ranking
was followed by &#% &(#(% (Fabricius),
!&#& (&&#) ) (L.), "%((%(%
L., ! ( !) #(&'(' (Thunberg), %
'"& (& (Abeille de Perrin), %*
(&%&Wollaston, %(& sp. Erichson and
'!"&&&%" (Küster) (Table 1).
Fruitbody – associated insects include both
obligate and facultative consumer of fruitbodies and
also accidentally user of them; obligate mycetobionts, facultative mycetophiles and accidental mycetoxenes [10, 11, 12, 13, 14].

" 
+6+'5).'5+'
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26+)764+)/+6,531/2 '5=:+5


30+347+5'

+4/*347+5'
+51'47+5'


4+)/+6
#+(&(!'(&
!'#
#&'%&
'+%!(&
%&!"&(&
!&#& (&&
#) )
!  !
#(&'('
%'"&(&
%*(&%&
%(&&#
'!"&&&%"
&#% &(#(
%
"%( (%
(%
Total

2*/9/*8'0
81(+56
86
27



24

13.56

7

3,95

3

1,69

2
2
1
1
19

1,13
1,13
0.56
0.56
10.73

5

2,82

48.59
15.25

177

#+(& (!'(& is a species associated with
ascomycete fungi, especially  "!!'% +
#"*+"! sp. and %+#'"&'%"  "%' [16, 25].
Hingley [16] revealed that larvae, pupae and adults
of (!'(& are frequently found in stromata of 
"!!'%. He showed that all stages of the life
history of this insect were to be found in the fungus.
According to his study this beetle seems to be
largely responsible for the destruction of the stromata.
'+%!(& %&!"&(& is also known as the
Cramp-ball Fungus Weevil because their larvae
develop in stromata of  "!!'% (Cramp-ball
fungus). This beetle lays eggs in ! in May
or earlier and its larvae feed within the fungus until
they have cleaned it out, passing on to feed on other
stromata. When ready to pupate they make a cell in
the fungus and the new generation of adults remains
in the pupal cells from September until the following spring, when the life cycle begins again [16,
26].
#+(& (!'(& and  %&"!"(& are destructive species of !’s stromata (Fig 2)
They were the most abundant species in the current
study and our findings were consistent with previous knowledge.
! #(&'(' and  (& are obligate
mycetobiont insects and use fungi as a habitat. 
#(&'(' is a mass destroyer of basidiocarps such
as %!% (&', "#&& "!%"&,
" & " !'%(&, " '"#&& #!", % '&
)%&""%, (%"'(& "&'%'(& [27, 28, 29], while
 (& has been considered as a monophagous
species for ,"#+(  " (! in previous
studies[30]. However, Krasutskii [29] showed that
 (& also fed on #'"#"%(& '(!(&. Although #(&'(' and (& are known to be
associated with basidiocarps, our investigation
shows that these species can use ascocarps as habitat.

" 
''2* 
(

"%( (%(% is polyphagous and
omnivorous [31] . It was observed to use stromata
of "!!'%as a habitat[16]. 1 or 2 pupae of
&(#(% were obtained from each stroma and
19 butterflies in total emerged from pupae during
March in our study. According to Dionisio [32] the
caterpillars of  &(#(% were found in winter,
feeding on detritus under the bark of dying and
dead logs, branches, stumps, and trunks and also
were determined in fruitbodies such as !"!"'(& sp.
and "!!'%. We conclude that (%(%
 and  &(#(% were facultative mycetophile
species in storamata of "!!'%.
Both larvae and adults of !'# are apparently scavengers and opportunistic predators
feeding on organic debris and small or weakened
invertebrates [33]. Fungivory was observed by
Hemp, et al. [34] for adults of two species of !'
#(& in Tanzania but,  #&'%& was trapped
in wheat fields in the Mediterranean region which
was fertilized with manure.  #&'%& was the
second most abundant species and were obtained
from only one stroma. Because of our findings and
literature review, we thought that it was accidentally mycetoxene in the stroma. Adults and larvae of
%(&sp.are associated with the capitula of various sunflowers. The adults eat the pollen, while the
larvae occur either among the unripe achenes or in
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the receptacle and stem [35]. The larvae of the
genus !&#& are lignicolous and the species of
this genus normally occur in rotten wood. Another
!&#& species, %"!'&, was found in stromata
of  "!!'% by Hingley [16]. However, we
obtained adult individuals of ) from stromata
of  "!!'% in this research. '!"&& &%"
was recorded that is under stones associated to ants,
in dry sites; sometimes under barks, especially of
plane-trees by Soldati [36]. %*(&adults may be
generalist pollen and mould feeders, whereas the
larvae are terricolous or saproxylic [37]. Hingley
(1971) detected  "'(&(& in stromata of  "!
!'%, while we found  %& in this study.
Besides#&'%&we can say that%(&&#,
),  &%" and  %& were accidental
mycetoxenes in this study Their associations with
fungi need to be investigated in detail.
According to our investigation,(!'(& 
#(&'(', (& and ) are the first record in Turkey. %'"& (& and  #(&'('
are known preferring basidiocarp, but our study
reveals that these species use  "!!'%, an
ascomycete species, as habitat. '!"&&&%"[38,
39],  %& [40] and  &(#(% [41] have
been recorded on the Anatolian side, but they are
observed for the first time on the European side.
The presence of #&'%& in Turkey was shown
on a distribution map by Kubisz, et al. [42]. Likewise, the existence of  %&!"&(& [43] and some
species of the genus %(& [44] have been recorded from Turkey. All insect species identified in the
study are needed to research in terms of distribution
of Turkey.
!spp. have been characterized as “early colonizers” owing to the fact that their stromata
often appear immediately after their woody host
plants have been stressed or damaged, e.g, by fire
or lightning [20, 21]. In this study, we have identified 11 insect species using "!!'%as habitat. The number of insect species and, the same, the
number of  "!!'%’s stromata are low compared to similar studies. We think about that case
can be related to cutting and removal of dead and
dying trees right away from the area. Thus, both 
"!!'% and its associated insect species are
unable to find suitable habitat. Furthermore, we can
say that the presence of these species is under threat
in the research area.
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Forage Kochia (      ) is a perennial semi-evergreen shrub species belonging to the
   family and native to Turkey's
rangeland. Owing to its particular biological properties such as, drought, cold, and salt tolerance, deep
root systems, and rapid growth rate, this species is
primarily used for erosion control and reclamation of
degraded areas. The stem color of forage kochia generally varies from red, yellow, gray, or white, and
can even show a color variance according to soil
type. This research aimed to compare forage kochia
of varying stem colors grown in Konya’s arid conditions with respect to their morphological and yield
properties. The research compared Red, Green, and
an Intermediate phenotype (i.e., a stem color form
between the Red and Green phenotypes). The Red
phenotype emerged as having a higher hay yield
(i.e., 140 % greater hay yield than the Parcel form)
and thus, is highly recommended for increasing pastureland yield; whereas, the Green phenotype had a
higher seed yield (i.e., 85% higher seed yield than
the Parcel form) and is the favored phenotype in
terms of seed production. In this regard, the Green
phenotype could potentially be the most suitable
phenotype when considering precedence for natural
seeding under specific rangeland conditions; while,
the Red phenotype would be more appropriate for
sustainable forage crop production where low precipitation and wind erosion is prevalent. For this reason, we recommend that an in-depth investigation of
varying forage kochia phenotypes be considered for
their suitability in Turkish pastureland reclamation
and improvement.



"'%#('#"

In the central Anatolian rangelands of Turkey
there are limitations to economic yield due to factors
such as, soil salinity, precipitation scarcity, and failure to comply with sustainable principles of grazing
[1]. Pasture improvement is undoubtedly necessary
for obtaining economic and sustainable yields in
these regions. The plants used in these rangelands
should be native to the region or adaptable to arid
and semiarid areas [2]. The success of pastureland
reclamation/improvement is highly dependent on the
plant’s ability to grow without the supply of irrigation, thus having a high drought tolerance; current
practices using herbaceous plants has proven to be
difficult and with little success without the use of irrigation [3]. Hence, the perennial semi-evergreen
shrub forage kochia (     (L.) Schrad),
has been considered one of the best-suited forage
crops for water shortage environments. Its various
biological properties such as, naturally occurring in
the Central Anatolian Region, high salt tolerance due
to salt accumulation in the vacuole [4], cold and
drought tolerance on account of having deep root
systems [5, 6], and its promotion of bio-diversity and
ground cover, may play a vital role in rangeland improvement when concerning prevention and control
of wind erosion and wildfire in arid or semiarid regions, in addition to, soil conservation in salt-affected soil and dry land.
The      genus, which belongs to the
  family, have demonstrated a wide
variation with regards to morphology.   
differs phenotypically from similar forage types
such as    [7]. Their anthers, stamens,
leaves, and stems come in an assortment of colors [8,
9, 10]. Stems of the Immigrant forage kochia variety
(   ) turn red in late summer and fall [11,
12], while the stems of the cultivar Snowstorm ( 
  ) turn grayish/green - yellow at seed maturity [12, 13]. In one study, the Intermediate forage
kochia phenotype (i.e., green-red stem) had a higher
hay yield than the Green, and Red stem phenotypes
[9]; this may be a potential indicator for hay yield
and requires further investigation. For this reason,
this research aimed to determine the morphological

+*#%&
      (L.) A.J. Scott Forage Kochia, Hay
Yield, Pasture Improvement
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2013); 523.7 mm in 2014; 375.6 mm in 2015, and
293.5 mm in the harvest year (i.e., 2016).

and yield performance of three forage kochia phenotypes (i.e., Red, Green, and its Intermediate phenotypes) with respect to their stem and leaf color when
grown in Konya under dryland conditions.


!'% &"!'#&

&946 $;9:0;=40< 91 =30 406/ ';4,6 The soil
was classified as clayey-loamy, and had a pH of
8.12; it had a CaCO3 content of 35.6%; and an Electrical Conductivity of 0.88 dS/m-1. According to our
soil analysis, soil Zn levels were sufficient however,
P levels were considered low (i.e., 0.40 ppm and 1.83
kg da-1, respectively) while, there was an adequate
level in terms of Fe (i.e., 14.16 ppm), Cu (i.e., 1.65
ppm), and Mn (i.e., 6.96 ppm).
Three different phenotypes of forage kochia
were distinguished based on their stem and leaf color
as described in Table 1 and shown in Figure 1. The
plants that were mature and with available seeds
were selected. These plants were harvested on the
24th of November 2016. In addition, plants from mature forage kochia in the production field were also
randomly selected to create the “Parcel Form”.
These plants were chosen to represent all of the production fields. Their morphological and yield properties were compared with those of the other phenotypes (i.e., Red, Green, and Intermediate phenotypes).

The plants used in the study were selected from
the production field of forage kochia planted in 2013
by Prof. Dr. Abdulkadir Akcin at the Experimental
Field of the Department of Field Crops at Selcuk
University. This trial was conducted with three replications in a Randomized Block Design. No irrigation or fertilization was made during or following the
plantation.
647,=0,=,91=30406/';4,6 The average
temperatures were 12.9 ºC from 1980-2013; 12.3 ºC
in the year of plantation (i.e., 2013); 12.6 ºC in 2014;
11.5 ºC in 2015, and 12.8 ºC in the harvest year (i.e.,
2016). The total precipitation was 283.1 mm from
1980-2013; 237.9 mm in the year of plantation (i.e.,

(% 
'3;00/4110;08=19;7<9119;,2059.34,
'  
'30?,;49><.969;/0<.;4:=498<19;=30<=07,8/60,?0<91=3;00/4110;08=19;,2059.34,:3089=B:0<
$3089=B:0<
969;91&=07
969;91 0,?0<
%0/:3089=B:0
Red
Bluish green
;008:3089=B:0
Yellow- Green
Green
Red
8=0;70/4,=0:3089=B:0
Green
(Only The Root Crown of Stem)
$,;.06
Randomly selected from mature forage kochia in the production field
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'  
!0,8?,6>0<,8/0,.32;9>:D<;0<>6=<-06982482=979;:396924.,6,8/B406/:;9:0;=40<9119;,209.34,48
,..9;/,8.0@4=3=30=3;00/4110;08=:3089=B:0<
$3089=B:0<91    


;008
9;7
$6,8=0423=.7
81,67
78,67
81,33
65,33
$6,8=4,70=0;.7
100,33
115,33
121,00
95,00
,BB406/:0;$6,8=2:6,8= 
97,83235,40,
168,87,117,73,B+406/52/, 
107,63258,97,
185,80,129,50&00/+406/:0;$6,8=2:6,8= 
10,58
16,96
16,39
19,63
&00/+406/52/, 
11,64
18,66
18,03
21,60
<00/*0423=2
2,56
2,84
2,66
2,43
&3,:091,-4=>< 
3,33
3,33
3,33
2,67
1
1-4 scale: 1 vertical (< 30°); 2 sub-vertical (30°-45°); 3 sub-horizontal (45°-60°); 4 horizontal ( >60°)
&3,BB406/:0;:6,8=$     &3,BB406/$   
$,;.06

%0/:3089=B:0

8=0;70/4,=0:3089=B:0

!0,8

)



 
 
 
   
    
  
   
 

 



'  
'30.9;;06,=4987,=;4A-06982482=99-=,480/:;9:0;=40<910,.391=3019;,209.34,:3089=B:0<
3,;,.=0;4<=4.<
 $6,8=0423=
 $6,8=4,70=0;
 ,BB406/:0;$6,8=
 ,B+406/
&00/+406/:0;$6,8=
&00/+406/

<00/*0423=
&3,:091,-4=><
**P<0.01; *P<0.05


-0,034
0,202
0,202
-0,243
-0,243
0,202
0,723**


0,451
0,451
0,002
0,002
0,081
0,129



1,000**
0,452
0,453
0,671*
0,010



0,452
0,453
0,671*
0,009







1,000**
0,562*
-0,533

0,562*
-0,533

0,018


However, Acar et al. [9] reported that Intermediate
and Green stem forage kochia had the largest plant
diameter after the first year.
The highest hay yield per plant (i.e., 235.40 g
plant-1) and maximum hay yield (i.e., 258.97 kg da1) was obtained from the Red phenotype. The hay
yield of Red phenotype forage kochia in Turkey
could be more productive than the Immigrant (i.e.,
150 kg da -1) and Snowstorm (i.e., 250 kg da -1) varieties, which were developed in the U.S.A. [13].
Furthermore, Intermediate and Red phenotypes were
more horizontal than the Green phenotype. Our results showed that the Red and Intermediate phenotypes increased hay yield per hectare by 140% and
%70, respectively, and thus, using these forms in
breeding programs could provide an improvement to
pasture conditions. Moreover, Intermediate and Red
phenotypes could also play a crucial role in soil conservation thanks to their large plant diameter, providing protection from wind and rain erosion.
The results of our correlation analysis are given
in Table 3. The results of our study determined a
negative correlation between: plant height and plant
diameter; plant height and seed yield per plant; plant
height and seed yield; seed yield per plant and shape
of habitus; and seed yield and shape of habitus;
while, there was a positive correlation between all
other parameters. The relationship between plant
height and shape of habitus had a positive correlation, with a high level of significance (i.e., r=0.723;
p<0.01). This may be attributed to a smaller plant

In this study morphological and yield properties such as, plant height, hay yield per plant, hay
yield, seed yield per plant, seed yield, 1000 seed
weight, and shape of habitus were determined. In the
trial, plant height and plant diameter were reported
in centimeters; while, 1000 seed weight, hay yield
per plant [14], and seed yield per plant were expressed in grams. Hay yield and seed yield were calculated from hay yield per plant and seed yield per
plant values, respectively. The shape of habitus was
found by using a scale: 1- vertical (< 30°); 2- subvertical (30°-45°); 3- sub-horizontal (45°-60° ); and
4- horizontal ( >60°). All averages were grouped,
and a statistical analysis of all parameters investigated was done by using the statistical software
package MSTAT-C.
%&( '&"&(&&#"&

Mean values and each group’s results are given
in Table 2. The maximum plant height was found under the Parcel form (i.e., 81.67 cm) and Intermediate
phenotype (i.e., 81.33 cm) while, the minimum plant
height was found in the Green phenotype (i.e., 65.33
cm). Acar et al. [9], as well as Acar and Dursun [10]
corroborate these results, as they also observed the
minimum plant height with Green stem forage kochia. The largest plant diameter was under the Intermediate phenotype (i.e., 121.00 cm) in our study.
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height which may allow for forage kochia to expand
laterally and have a larger horizontal habitus.
#" (&#"&
Red and Intermediate forage kochia phenotypes were superior thus, resulting in better hay and
seed yields. This study’s findings clearly indicate
that these two are well suited types for unfavorable
degraded conditions. In this regard, they can be
strongly recommended for water scant environments
for sustainable forage crop production. We recommend that further detailed studies into the phenotypic variation of forage kochia are necessary (e.g.,
drought and salt tolerance levels, crude protein, cellulose ratio, nutritional elemental content, ADF,
NDF, and botanical characteristics), with particular
consideration to its reproduction biology. Hence, a
reliable protocol for developing forage kochia varieties could be obtained specifically for combating
drought and other environmental problems in Turkey’s rangeland.
"#* !"'&
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This study investigated the effect of indole-3acetic acid (IAA), gibberellin A3 (GA3), 6-benzylaminopurine (6-BA) and brassinolide (EBL) on phytoremediation of uranium and cadmium contaminated soil by Schnizl. Plants were
grown in pots containing yellow soils with added
uranium and cadmium at 150 mg/kg and 15 mg/kg
soil, respectively. After 2 months of growth, different concentrations of the four plant growth regulators (IAA, GA3, 6-BA and EBL) were added. No
plant growth regulators (PCRs) were added to the
control pots. Experiments were conducted in a completely randomized block design with triplicate samples. The optimum concentrations of the four PCRs
were determined for biomass production, absorption,
translocation, and accumulation. IAA, GA3 and EBL
significantly promoted the growth of the test plants.
The single plant biomass and chlorophyll content of
500 mg/L IAA and 500 mg/L GA3 treatments were
significantly higher than those for control and other
treatments ( 0.05), which were 1.76-fold and 1.81fold that of the control, respectively. The application
of PCRs decreased malondialdehyde (MDA) and peroxidase (POD). In addition, superoxide dismutase
(SOD) was increased significantly with IAA and
GA3 treatments. All PCRs had a positive effect on
uranium uptake in  , except for the 10
mg/L and 50 mg/L 6-BA treatments. Maximum uranium uptake (77% higher than the control) in the single plant occurred in the 100 mg/L GA3 treatment,
whereas the 6-BA treatment had the lowest uranium
uptake. EBL treatment promoted the uptake of cadmium by , while other treatments showed
varying degrees of inhibition. Uranium and cadmium translocation factors were less than 1. Except
for the 50 mg/L 6-BA treatments, the other treatments significantly increased the uranium accumulation of  . The uranium accumulation in
the IAA and GA3 treatments was better and significantly higher than for other treatments ( 0.05).
However, the uranium accumulation in shoots with
the 500 mg/L IAA treatments was significantly
higher than that for the GA3 treatments. EBL has a

more significant effect on the cadmium accumulation in different treatments. The cadmium accumulation in single plants reached the maximum (531.26
µg) in the 5 mg/L EBL treatments, which was 2.26fold that of the control. These results suggested that
PCRs could improve the efficiency of phytoremediation with  . in uranium- and cadmiumcontaminated soils.


'& "#
  ! PCRs, Phytoremediation, Uranium and cadmium contaminated soil
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The nuclear energy industry has promoted the
development of China's industry, agriculture, and
medical services; however, it has also increased the
exploitation and smelting of uranium ore, leading to
serious contamination to the surrounding ecotope
[1]. Uranium tailings contain multiple pollutants,
most of which are associated with heavy metals such
as Cd, Pb, Cu, Mn, Fe, and Zn [2].
According to a survey, low concentrations of
uranium contaminated soils have little effect on plant
growth, while high concentrations of uranium-contaminated soils inhibit plant growth [3,4].
Uranium is a naturally occurring radionuclide
and heavy metal that is radioactive and chemically
toxic [4]. Research has shown that uranium enters
the human body and mainly accumulates in the liver,
kidneys, and bones; it causes damage by chemical
toxicity and internal alpha ray irradiation; and it induces several diseases (e.g., bone and lung cancers)
[5]. Therefore, the problem of remediation of uranium-contaminated soil needs to be solved urgently.
At present, the phytoremediation technique is
attracting increasing attention because of its advantages of low cost, easy operation, wide application range, and environmental friendliness [6,7]. The
efficiency of phytoremediation is directly related to
the biomass of plants and their ability to absorb
heavy metals. However, it has been found that many
heavy metal hyperaccumulators have defects such as
1434

$#

! %    







!"  ! 


GA3, 6-BA, and EBL (analytical reagents) were purchased from Sichuan Shengkeli Science and Technology Co., Ltd, Mianyang, China. Yellow soil was
selected from the topsoil (0–30 cm) in the field gene
bank of the Southwest University of Science and
Technology. The basic physicochemical properties
of the soil were as follows: pH was 6.88, organic
substances content was 18.99 g/kg, cation exchange
capacity was 115.64 mmol/kg, contents of available
phosphorous, alkali-hydrolyzable nitrogen, and
available potassium were 41.35, 166.46, and 57.03
mg/kg, respectively.

low biomass, slow growth rate, and long growth cycle, and the amendment efficiency is low [8]. The
application of PCRs can effectively increase phytoremediation efficiency [9,10]. The reason is that
PCRs are involved in the regulation of plant growth,
development, and plant adversity stress, which are
beneficial to enhance phytoremediation efficiency.
Therefore, many researchers have conducted related
research. For example, Hadi et al. [11] found that the
application of GA3 and IAA significantly increased
Pb uptake and translocation in the   and
its biomass also increased. Tassi et al. [12] showed
that the application of cytokinin hormones increased
the biomass and heavy metal accumulation of 
. Fassler et al. [13] found that IAA relieved the negative metal effects on sunflowers and
increased the dry weight of sunflowers.
In addition, the ability of PCRs to assist plants
in eliminating heavy metals from contaminated soil
is related to the plant itself, soil properties, the intrinsic properties of heavy metals, environmental conditions of plant growth, and the application period of
the PCRs [14]. For the same plant, different types
and concentrations of PCRs can cause significant
differences in phytoremediation [15]. Therefore, it is
crucial to choose the optimum type and concentration of PCRs to improve the phytoremediation effect.
A type of evergreen herbage, 
!has many useful characteristics such as rapid
growth, easy management, and wide adaptability.
Research has shown that has a good effect
on the remediation of uranium-contaminated soil
[16]; however, extensive studies are limited.
The present study involved a pot experiment
that measured the application of PCRs (indole-3acetic acid (IAA), gibberellin A3 (GA3), 6-benzylaminopurine (6-BA) and brassinolide (EBL)) on biomass production, absorption, translocation, and accumulation of uranium and cadmium by 
in compound-contaminated soil. The aim of the present study was to assess the differential phytoremediation influences of PCRs on   for the
elimination of uranium and cadmium. The findings
of this study will be useful to effectively remove uranium and cadmium from contaminated soil.

>7-814-5:)3 ,-91/5 The present study utilized a pot experiment to simulate uranium- and cadmium- contaminated soil in a greenhouse. Initially,
the test soil (yellow loam) was naturally air-dried.
The weeds and gravel in the soil were removed, and
the soil was crushed and mixed. Subsequently, 3-kg
portions of soil were weighed and placed in a plastic
basin ("24 cm × 24 cm, bottom with hole, with tray).
Uranium (150 mg/kg) and cadmium (15 mg/kg)
were added exogenously to the soil (uranium and
cadmium were uniformly sprayed into the soil as
aqueous solutions of UO2(CH3CO2)2·2H2O and
CdCl2·2.5H2O, respectively), and base fertilizer containing (NH4)2SO4, KH2PO4, and K2SO4 powders
(nitrogen content: 225 mg/kg, phosphorus content:
65 mg/kg, and potassium content: 227 mg/kg) was
applied. The treatment soil was fully stirred and
maintained at a moisture content of approximately
60% of the field moisture capacity and let stand for
4 weeks. After the end of standing, the  
seedlingsthat had grown well and consistently were
transplanted into pots containing uranium- and cadmium-contaminated soil, two plants per pot. All
treatments were performed in greenhouses at the
Southwest University of Science and Technology.
The moisture content in the pots was regularly adjusted to be approximately 60% of the field moisture
capacity, and the rest of the environmental conditions were consistent.
After 2 months of cultivation, different concentrations of the plant growth regulator solutions (Table 1) were sprayed on the leaves of based
on the following experimental design. An equal
amount of aqueous solution was used as the control
(triplicate repetitions per treatment). The PCRs were
applied to the leaves surface in three batches at 7-day
intervals. After the PCRs were applied, the soil was
irrigated regularly. The plants were harvested after 1
month in the third batch and measurements were
taken.


$"#$ #

):-81)39   seeds were purchased
from the Green agricultural ecological park of Longmen Town, Mianyang City, Sichuan Province. IAA,

Treatments
Content (mg/L)

C
K
0

IA
A1
100

$ 
$0-+65+-5:8):16596.73)5:/86=:08-/;3):689
666-BA
IA
IA GA3 GA3 GA3
1
2
3
BA1 BA 2
3
A2
A3
250 500 100 250 500
10
50
100
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5.3;-5+-6.:8-):4-5:9659066:,8?4)99866:,8?4)99915/3-73)5:,8?4)99)5,+0368670?33+65:-5:15
  #+051@3
Concentration
Shoot dry mass
Root dry mass/
Single Dry mass
Chlorophyll
(mg/L)
(g)
(g)
(g)
a+b(mg/kg)
control
0
12.86±1.15f
2.03±0.33fg
14.89±1.42g
0.35±0.04c
IAA
100
19.6±2.1cde
2.6±0.26cd
22.19±1.99def
0.42±0.03bc
IAA
250
19.78±1.39cd
3±0.1b
22.78±1.35def
0.41±0.04bc
IAA
500
24.89±0.79a
1.31±0.15h
26.2±0.85ab
0.51±0.07a
GA3
100
17.16±1.75e
3.42±0.16a
20.58±1.84f
0.37±0.04bc
GA3
250
21.75±1.41bc
2.43±0.21cde
24.18±1.41bcd
0.43±0.04b
GA3
500
24.82±1.13a
2.16±0.3efg
26.98±1.36a
0.53±0.07a
6-BA
10
13.2±0.7f
1.88±0.14g
15.09±0.67g
0.34±0.04c
6-BA
50
13.8±1.77f
0.95±0.11i
14.75±1.82g
0.37±0.02bc
6-BA
100
22.79±2.61ab
0.76±0.02i
23.55±2.6cde
0.38±0.05bc
EBL
5
18.21±1.34de
3.54±0.29a
21.75±1.33def
0.38±0.03bc
EBL
10
18.64±0.58de
2.73±0.13bc
21.38±0.71ef
0.37±0.05bc
EBL
50
23.38±0.3ab
2.36±0.26def
25.74±0.55abc
0.43±0.03b
Note: 1. Data in the table are shown as the mean ± standard deviation (n = 3); 2. Different letters (a, b, c, etc.) refer to significant
differences at the 0.05 level.
Treatments

-)9;8-4-5:4-:06,9164)99)5,+03686
70?33+65:-5:4-)9;8-4-5:The entire plants were
removed from the pots, washed with tap water, and
rinsed three times with deionized water. The plants
were immediately separated into roots and shoots
and placed in paper bags. The paper bags were dried
to a constant weight at 75 °C after 30 min at 105 °C,
and the roots and shoots were weighed in paper bags.
The chlorophyll of  was extracted with a
1:1 mixture of ethanol and acetone and determined
with an ultraviolet spectrophotometer (Beijing
Purkinje General Instrument Co., Ltd.).

# )5,! +65:-5:4-)9;8-4-5:
0.50 g of fresh sample was placed in liquid nitrogen
and then ground; 5 mL of phosphate buffer (pH 6.0)
was added and then centrifuged (10,000×g) for 10
min, and supernatant was extracted. MDA, SOD and
POD of were determined according to the
method of Chen et al [17].

values based on three replicates were calculated. Differences between treatments were considered significant at < 0.05.

"#%$#

..-+: 6. :8-):4-5:9 65 73)5: /86=:0 )5,
+0368670?33+65:-5:Table 2 displays the variation
in dry weight of the different plant parts and chlorophyll content of  for different treatments.
As shown in Table 2, compared with the control, the
shoot dry mass of   increased to varying
degrees with different treatments. This may be because IAA, GA3, 6-BA and EBL alleviate the toxicity of uranium and cadmium to the plants, which
was beneficial for cell division, stem growth and
vascular tissue formation, especially for the growth
of plant shoots, resulting in increased shoot biomass
of the plants [15]. 
Under the different treatments, the effects of
the PCRs on the plant dry mass were different, with
GA3> IAA> EBL> 6-BA (Table 2). Compared with
the control, the shoot day mass, single plant mass
and chlorophyll content of different treatments increased by 2.64% to 93.55%, -0.94% to 81.2%, 2.9% to 51.4%, respectively. The shoot dry mass was
significantly higher than other treatments in 500
mg/L IAA and 500 mg/L GA3, which were 24.89 g
and 24.82 g, respectively. The single plant dry mass
and chlorophyll content reached maxima in the 500
mg/L GA3 treatment (26.98 g and 0.53 mg/kg, respectively), which were 1.81-fold and 1.51-fold
those of the control, respectively.

%8)51;4 )5, +),41;4 +65:-5: 4-)9;8-
4-5:The shoot and root dry mass was pulverized
using a grinder, weighed accurately to 0.3000 g, concentrated nitric acid (20 mL) was added, and digested using a graphite furnace digester instrument
(SH230N, Hanon Instruments). After filtration, the
uranium and cadmium content of the digestion solution was determined by inductively coupled plasma
mass spectrometry (Agilent 7700x, NYSE: A).
647;:):165)3 4-:06, Translocation factor
(TF) = Heavy metal content of the shoot/Heavy
metal content of the root
Bioaccumulation quality (BCQ) = Heavy metal
content of the shoot (the root) (mg/kg) × Dry weight
of the shoot (the root) (g)

..-+:6.:8-):4-5:965# )5,! 
+65:-5: The effects of different treatments on the
activities of MDA, SOD and POD in  
were different (Table 3). MDA content was signifi-

#:):19:1+)3 )5)3?919 Data were processed by
Microsoft Excel 2013 and SPSS 23.0. Figures were
drawn using the Origin 9.0 software program. Mean
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order for shoot uranium absorption was as follows:
IAAGA3EBL6-BA. The uranium content in
the shoots reached a maximum in the 500 mg/L IAA
treatments (41. 97 mg/kg), which was 2.17-fold that
of the control and significantly higher than for the
other treatments ( 0.05). The single plant uranium
content of   varied from -12.82% to
+76.79% with different treatments. The order for
single plant uranium content was GA3 > EBL > IAA
> 6-BA. The single plant uranium content showed a
trend of constant decrease with increasing GA3 concentration. The uranium content in the single plants
reached a maximum in the 100 mg/L GA3 treatment
(63.29 mg/kg), which was 1.77-fold that of the control, and significantly higher than other treatments
( ). The reason was that the single plant biomass increased constantly with increasing GA3 concentration, which resulted in the continuous decrease
of single plant uranium content. In addition, the uranium translocation factor of the plants was much less
than 1, indicating that uranium was mainly accumulated in the roots. The uranium translocation factor
improved under different treatments. The maximum
uranium translocation factor was 0.231 in the 500
mg/L IAA treatment, which was higher than that of
the control.

cantly lower than the control with different treatments. Compared with the control, the MDA content
decreased by 19.23% to 47.8% and was in the following order: GA3 > IAA > EBL>6-BA. MDA content reach a minimum in the 5 mg/L GA3 treatment
(0.095 µmmol/g), which was 47.8% lower than that
of the control. The application of PCRs changed
SOD activity in Compared with the control, the SOD content changed by -20.86% to
87.28%. IAA and GA3 significantly increased the
SOD activity of   The SOD content
reached a maximum in the 500 mg/L IAA treatments. After treatment with PCRs, the POD content
in  was lower than that in the control (Table 3). Compared with the control, the POD content
decreased by 4.39% to 42.94%. The POD content in
the plants reached a minimum (212.53 µmmol/g) in
the 250 mg/L IAA treatment, which was 42.94%
lower than that of the control.

..-+:6.:8-):4-5:965%)5,,;7:)2-)5,
:8)5936+):165 %8)51;4 ;7:)2- )5, :8)5936+)
:165The abilities of IAA, GA3, 6-BA and EBL to
absorb and transfer uranium in contaminated soil is
illustrated in Table 4. Compared with the control, the
shoot uranium uptake of different treatments
changed by 41.04% to 117.48%. The resultant

$ 
5.3;-5+-6.:8-):4-5:965# )5,! 15   #+051@3
Treatments
Control
IAA
IAA
IAA
GA3
GA3
GA3
6-BA
6-BA
6-BA
EBL
EBL
EBL

Concentration(mg/L)
0
100
250
500
100
250
500
10
50
100
5
10
50

MDA content (mg·kg-1)
0.182±0.015a
0.139±0.013bcd
0.135±0.009bcde
0.118±0.007def
0.114±0.013efg
0.112±0.01fg
0.095±0.015g
0.142±0.018bc
0.147±0.009b
0.133±0.013bcdef
0.123±0.021cdef
0.133±0.008bcdef
0.144±0.011bc

SOD content (mg·kg-1)
33.56±4.64def
44.32±8.01cd
57.33±5.48ab
62.85±7.19a
56.56±5.87ab
54.32±7.66ab
51.33±9.17bc
26.56±3.71f
32.32±4.71ef
57.33±9.94ab
38.56±5.88de
36.32±5.5def
37.33±1.85de

POD content (mg·kg-1)
372.49±26.64a
277.38±30.08de
212.53±25.12g
256.89±34.12ef
312.25±8.4cd
306.96±12.53cd
295.56±17.91cd
356.12±16.83ab
328.04±25.83bc
281.44±13.18de
223.36±14.07fg
256.41±22.76ef
241.05±8.96fg

Note: 1. Data in the table is shown as the means ± standard deviation (n = 3); 2. Different letters (a ,b, c, d, e, etc.) refer to significant differences
at the 0.05 level.

$ 
%8)51;4+65+-5:8):165)5,:8)5936+):165.)+:686.   ;5,-8,1..-8-5::8-):4-5:9 
Treatments
Control
IAA
IAA
IAA
GA3
GA3
GA3
6-BA
6-BA
6-BA
EBL
EBL
EBL

Concentration
(mg/L)
0
100
250
500
100
250
500
10
50
100
5
10
50

Shoot U content
(mg/kg)
19.3±0.98h
26.68±0.84f
30.54±1.25e
41.98±2.37a
35.3±0.72c
38.00±1.35b
34.28±1.41cd
11.38±0.02i
20.52±1.42gh
40.08±1.13ab
32.15±0.61de
25.34±2.17f
21.78±0.49g

Root U content
(mg/kg)
140.35±0.021g
147.51±0.42fg
176.02±14.11e
182.11±9.7cde
202.77±13.01b
192.44±3.42bcd
195.71±0.66bc
217.98±5.34a
186.31±16.56cde
180.27±6.37de
153.26±8.37fg
159.26±8.57f
176.97±3.83e

Single U content
(mg/kg)
35.8±1.71h
40.93±2.89fg
49.69±1.8cd
49.04±1.13cd
63.28±4.46a
53.55±2.4b
47.18±1.73de
37.18±2.92gh
31.2±1.91i
44.66±1.05ef
51.81±1.25bc
42.44±2.35f
36.01±1.29h

Translocation
factor
0.137
0.181
0.175
0.231
0.174
0.197
0.173
0.052
0.111
0.223
0.21
0.159
0.123

Note: 1. Data in the table are shown as the mean ± standard deviation (n = 3); 2. Different letters (a,b,c, etc.) refer to significant differences at
the 0.05 level.
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,+65+-5:8):165)5,:8)5936+):165.)+:686.   ;5,-8,1..-8-5::8-):4-5:9 
ConcentraShoot Cd content
Root Cd content
Single Cd content
Translocation
tion(mg/L)
(mg/kg)
(mg/kg)
(mg/kg)
factor
Control
0
3.79±0.45de
91.82±4.33bc
15.77±0.91bc
0.0414
IAA
100
3.14±0.03fg
93.42±8.44bc
13.69±0.71cd
0.0338
IAA
250
2.12±0.01h
91.84±1.37bc
13.98±1.02cd
0.0231
IAA
500
2.12±0.19h
126.49±5.47a
8.34±0.3f
0.0167
GA3
100
3.48±0.19ef
80.28±5.84cd
16.26±0.91b
0.0434
GA3
250
6.15±0.33a
79.93±9.67cd
13.42±0.14de
0.0789
GA3
500
4.3±0.45c
91.44±19.15bc
11.39±3.48e
0.0498
6-BA
10
1.63±0.28i
88.42±3.95bcd
12.43±0.71de
0.0186
6-BA
50
3.02±0.05g
71.7±7de
7.44±0.63f
0.0423
6-BA
100
5.39±0.18b
60.36±2.71e
7.19±0.38f
0.0893
EBL
5
5.15±0.33b
123.69±3.37a
24.45±1.66a
0.0417
EBL
10
4.12±0.32cd
105.1±9.43b
17.01±1.41b
0.0391
EBL
50
3.91±0.16cde
103.59±2.61b
13.03±1.1de
0.0378
Note: 1. Data in the table are shown as the mean ± standard deviation (n = 3); 2. Different letters (a, b, c, etc.) refer to significant
differences at the 0.05 level.
Treatments

. The resultant order for uranium accumulation was as follows: GA3 > IAA > EBL > 6-BA. 
The uranium accumulation in the shoot and single plants of consistently increased with
increasing IAA concentration. The uranium accumulations in the shoots and single plants in the 500
mg/L IAA treatment were 1044.68 µg and 1284.64
µg, which were 4.2-fold and 2.4-fold that of the control, respectively.
With increasing GA3 concentration, the uranium accumulation in the shoot was consistently increased, however, there was no significant difference ( ).
The uranium accumulation in the single plants
reached a maximum with the 500 mg/L GA3 treatment (1296.5 µg), which was 2.43-fold that of the
control; however, the difference was not significant
with the 500 mg/L IAA treatment (1284.64 µg)
Compared with IAA and GA3, 6-BA and EDL
have little ability to aid accumulation of uranium by
. In addition, the uranium accumulation in
shoots with 10 mg/L 6-BA treatments was lower
than that of the control.
As shown in Fig. 1(b), the ability of different
treatments to assist   to accumulate cadmium was inconsistent. Compared with other treatments, EBL has a more significant effect on cadmium accumulation. The cadmium accumulation in
roots and single plants showed a trend of decreasing
with increasing EBL concentration. The cadmium
accumulation in the roots and single plants reached
a maximum in the 5 mg/L EBL treatments (437.56
µg and 531.26 µg, respectively), which were 2.45fold and 2.26-fold those of the control, respectively.
In addition, the cadmium accumulation of 
was mainly in the roots.

),41;4;7:)2-)5,:8)5936+):165Table 5
displays the variation in cadmium content of the different parts of  and translocation factor for
different treatments. The shoot and root cadmium
contents were increased significantly with EBL
treatments. However, cadmium contents in shoot,
root and single plant decreased constantly with the
increasing EBL concentration. The cadmium content
of the single plant reached a maximum (24.45
mg/kg) with 5 mg/L EBL, which was 1.55-fold that
of the control.
The cadmium content in the shoot first increased and then decreased with increasing GA3 concentration. The maximum of shoot cadmium content
was 6.15 mg/kg with 250 mg/kg CA3, which was
1.62-fold that of the control.
The cadmium content in the single plants of 
 showed different degrees of reduction in
IAA and 6-BA treatments. However, the cadmium
contents in the shoots (6-BA 100 mg/L) and roots
(500 mg/L IAA) were significantly higher than those
of the control. This may be related to the influence
of PCRs on the biomass of 
In addition, the cadmium translocation factor of
 was also much lower than 1 in different
treatments. The cadmium translocation factor
reached the maximum (0.0893) in 6-BA 100 mg/L
treatments, which was 1.16-fold higher than that of
the control. The minimum cadmium translocation
factor was 0.0167 in 500 mg/L IAA treatments,
which was significantly lower than that of the control, .
..-+: 6. :8-):4-5:9 65 ;8)51;4 )5, +),
41;4)++;4;3):165Heavy metal accumulation in
plants is a key index for evaluating phytoremediation
efficiency. The ability of IAA, GA3, 6-BA, and EBL
to alter accumulation of uranium (a) and cadmium
(b) in contaminated soil is illustrated in Figure 1. Except for 50 mg/L 6-BA treatments, other treatments
significantly increased the uranium accumulation of
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the PCRs significantly increased the shoot biomass
and chlorophyll content of  , and the increased range was from 2.64% to 93.55% and from
-2.9% to 51.4%, respectively. The biomass and chlorophyll content in the shoot of  were significantly higher than those of the control and other
treatments for 500 mg/L IAA and GA3 treatments.
This might be because PCRs alleviate the toxicity of
heavy metals on plants, increase the photosynthetic
efficiency of plants, promote the growth of plants,
and enhance the ability of plants to amend heavy
metal-contaminated soils [19]. However, different
PCRs have different effects on different plants, and

The biomass of plants is a key factor affecting
the phytoremediation in heavy metal contaminated
soil. Well-grown plants are beneficial to improve the
efficiency of phytoremediation. Meanwhile, chlorophyll content directly affects plant photosynthesis,
which in turn affects plant growth. Photosynthesis
and related enzyme activities of plants are inhibited
in heavy metal stress, and the uptake and translocation of trace elements are affected, and biomass is
significantly reduced [18]. This study showed that
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plant uranium content in 100 mg/L GA3 treatment
was 1.77-fold that of the control and significantly
higher than for other treatments (P<0.05). The ability
of PCRs to promote the uptake of cadmium by 
 is relatively poor. The single plant cadmium
content reached a maximum (24.45 mg/kg) in 5
mg/L EBL treatments, which was 1.55-fold that of
the control. The main reasons that PCRs promote uptake of heavy metals in plants are divided into two
aspects. The application of PCRs induced activation
of ATPase on the plasma membrane to change the
transport channels of ions [26]. In addition, the PCRs
regulate the physiological processes of plant cells
and then effectively alleviate the stress of heavy metals on the plants and increase the uptake of heavy
metals by the plants [15]. The results of Israr et al.
[27] showed that the application of IAA and NAA
promoted the uptake of Pb by Sesbania, and the
shoot Pb content was increased by 654% and 415%
in 100 μM IAA and 100 μM NAA treatments, respectively. Lopez et al. [28] found that the addition
of IAA promoted the uptake of Pb by 
, and the root Pb content was increased by 20%
and 40% in 10 μM IAA and 100 μM IAA treatments,
respectively.
The accumulation of heavy metals in plants is
the key index to evaluate the hyper accumulator, and
the accumulation in the shoot is more important. The
PCRs effectively promoted the accumulation of uranium and cadmium by , but the effect of
different treatments on accumulation was different.
In the present study, the uranium accumulation with
IAA and GA3 treatments by   was better
and significantly higher than for other treatments.
However, the uranium accumulation in shoots with
500 mg/L IAA treatments was significantly higher
than that of GA3 treatments. In addition, IAA costs
less, so IAA is more suitable for the remediation of
uranium-contaminated soil by Hadi et al.
[11] showed that the application of IAA increased
biomass and lead accumulation in maize. Rostami et
al. [29] reported that IAA significantly increased
plant biomass and pyrene removal. The ability of
EBL to accumulate cadmium was the best of the four
kinds of plant growth regulators, and the cadmium
accumulation in the roots and single plants reached
a maximum in the 5 mg/L EBL treatments (437.56
µg and 531.26 µg, respectively). The reason may be
that the mechanism of cadmium accumulation by
different plant growth regulators was different [14].

IAA and GA3 have better effects on  .
Long et al. [20] reported that IAA and GA3 significantly increased the growth of sunflowers in uranium-cadmium contaminated soils, which was consistent with the findings of the present study. Du et
al. [21] found that the application of IAA increased
the shoot and root biomass of   in
Pb-contaminated soils. Kumari and Sekar [22]
showed that application of PCRs increased the chlorophyll content in okra under salt stress, which is
good for plant growth.
The production and clearance of free radicals in
plants is not balanced in adverse circumstances.
When free radicals and H2O2 accumulate to a certain
extent, the unsaturated fatty acids in the plasmalemma of the cells will be oxidized to produce MDA.
Meanwhile, the plant membrane system integrity of
structure and function are damaged, and the permeability of plant cell membrane is increased [23]. The
level of MDA content was one of the important parameters to determine the degree of damage to the
membrane of plant cells. This paper shows that different PCRs significantly reduce the MDA content
in , and GA3 treatment and IAA treatment
are better. This might be because the PCRs not only
reduce the peroxidation of the cell membrane by the
protective enzyme system but also quickly clean out
the already produced MDA and prevent the plant
cells being damaged further [24]. SOD and POD are
the most important protective enzymes for scavenging peroxides and reactive oxygen free radical in
plants. SOD and POD catalyze excessive H2O2 production in cells, and effectively avoid plant damage
by external stress [25]. In this experiment, the enzyme activities of SOD and POD showed different
trends in response to different treatments. The present study showed that IAA and GA3 significantly
increased SOD enzyme activity. The SOD activity in
leaves of  . reached a maximum at IAA
500 mg/L. The results indicate that IAA and GA3 effectively promote the increase of SOD, and then improve the resistance of . in uranium- and
cadmium-contaminated soil. The POD content in
plants was significantly lower than that of the control
with different treatments, which may be because the
PCRs alleviated the toxicity of heavy metals on the
plants, reduced the substrate concentration of the enzyme, and then decreased the POD activity [15].
Plants achieve uptake of heavy metal ions
through the transmembrane movement of membrane
transport protein, and PCRs can induce activation of
ATPase on the plasma membrane to change the
transport channels of ions [26]. The appropriate type
and concentration of plant growth regulators may
change the ion channels on the cell membrane. Thus,
the uptake of uranium and cadmium by plants was
promoted. The present study showed that different
treatments promoted the uptake of uranium by 
, except for 50 mg/L 6-BA treatments.
Meanwhile, the maximum (63.28 mg/kg) single

 %# 

This study investigated the effects of application of PCRs on uranium and cadmium removal efficiency using . According to the results,
the presence of significantly reduced uranium and cadmium in the soil. The application of
PCRs increased the biomass and chlorophyll content
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of the test plant. The effect of increasing the biomass
and chlorophyll content was better in the IAA and
GA3 treatments. Meanwhile, IAA and GA3 significantly decreased MDA and POD content, and increased SOD content. Absorption of the test plant
was influenced by different treatments, which was as
follows: GA3 > EBL > IAA > 6-BA. Meanwhile, the
uranium content per plant reached a maximum at 100
mg/L GA3. EBL treatment promoted the uptake of
cadmium by  , and other treatments
showed varying degrees of inhibition. In addition,
uranium and cadmium mainly were absorbed by the
roots. The uranium accumulation in IAA and GA3
treatments was better, but the uranium accumulation
in shoots with 500 mg/L IAA treatments was significantly higher than that of GA3 treatments. In addition, IAA is cheaper than GA3. EBL had a more significant effect on the cadmium accumulation in different treatments, and cadmium accumulation in single plants reached a maximum (531.26 µg) in the 5
mg/L EBL treatments. Therefore, on the basis if
these results, we suggest that the removal of uranium
in uranium- and cadmium-contaminated soils by 500
mg/L IAA combined with  is the best, and
the cadmium was eliminated by 5 mg/L EBL.
""#
[1] Selvakumara, R., Ramadossa, G., Menona,
P.M., Rajendrana, K., Thavamanib, P., Naidub,
R., Megharaj, M. (2018) Challenges and complexities in remediation of uranium contaminated soils: A review. Journal of Environmental
Radioactivity. 18(2), 1-10.
[2] Wisłocka, M., Krawczyk, J., Klink, A., Morrison, L. (2006) Bioaccumulation of heavy metals
by selected plant species from uranium mining
dumps in the Sudety Mts. Poland. Polish Journal
of Environmental Studies. 15(5), 811-818.
[3] Jagetiya, B., Sharma, A. (2013) Optimization of
chelators to enhance uranium uptake from tailings for phytoremediation. Chemosphere. 91(5),
692-696.
[4] Shepparda, S.C., Sheppard, M.I., Gallerand,
M.O., Sanipelli, B. (2005) Derivation of ecotoxicity thresholds for uranium. Journal of Environmental Radioactivity. 79(1), 55-83.
[5] Gavrilescu, M., Pavel, L.V., Cretescu, I. (2009)
Characterization and remediation of soils contaminated with uranium. Journal of Hazardous
Materials. 163(2), 475-510.
[6] Wiszniewska, A., Hanus-Fajerska, E., Muszynska, E., Ciarkowska, K. (2016) Natural organic
amendments for improved phytoremediation of
polluted soils: A review of recent progress. Pedosphere. 26(1), 1-12.

1441

$#

! %    







!"  ! 


[19]Israr, M., Jewell, A., Kumar, D., Sahi, S.V.
(2011) Interactive effects of lead, copper, nickel
and zinc on growth, metal uptake and antioxidative metabolism of S. drummondii. Journal of
Hazardous Materials. 186(2-3), 1520-1526.
[20]Long, C., Wang, D., Chen, L., Jiang, W.J.,
Xiang, M.W. (2017) Effect of four kinds of phytohormones on U and Cd accumulation in 
. Chinese Journal of Environmental Engineering. 11(5), 3252-3257(in Chinese).
[21]Du, R.J., He, E.K., Tang, Y.T., Hu, P.J., Ying,
R.R., Morel, J.L., Qiu, R.L. (2011) How phytohormone IAA and chelator EDTA affect lead
uptake by Zn/Cd hyperaccumulator Picris divaricata. International journal of phytoremediation.
13(10), 1024-1036.
[22]Kumari, P.M., Sekar, K. (2008) Effect of plant
growth regulators on chlorophyll and carotenoid
content of salinity stressed okra seedlings. Asian
Journal of Horticulture. 3(1), 54-55.
[23]Wu, L.H., Yi, H.L., Yi, M. (2010) Assessment
of Arsenic Toxicity Using Allium/Vicia Root
Tip Micronucleus Assays. Journal of Hazardous
Materials. 176(1), 952-956.
[24]Azevedo, R.A., Gratão, P.L., Monteiro, C.C.
(2012) What is new in the research on cadmiuminduced stress in plants? Food and Energy Security. 1(2), 133-140.
[25]Zhang, F.Q., Wang, Y.S., Lou, Z.P. (2007) Effect of heavy metal stress on antioxidative enzymes and lipid peroxidation in leaves and roots
of two mangrove plant seedlings (Kandelia candel and Bruguiera gymnorrhiza). Chemosphere.
67(1), 44-50.
[26]Altabella, T., Palazon, J., Ibarz, E., Piñol, M.T.,
Serrano, R. (1990) Effect of auxin concentration
and growth phase on the plasma membrane H +
-ATPase of tobacco calli. Plant Science. 70(2),
209-14.
[27]Israr, M., Sahi, S.V. (2008) Promising role of
plant hormones in translocation of lead in Sesbania drummondii shoots. Environmental pollution. 153(1), 29-36.
[28]López, M.L., Peraltavidea, J.R., Benitez, T.,
Gardea, J.L. (2005) Enhancement of lead uptake
by alfalfa (Medicago sativa) using EDTA and a
plant growth promoter. Chemosphere. 61(4),
595-8.
[29]Rostami, S., Azhdarpoor, A., Rostami, M.
(2016) The effects of simultaneous application
of plant growth regulators and bioaugmentation
on improvement of phytoremediation of pyrene
contaminated soils. Chemosphere. 161, 219223.

"-+-1<-,
++-7:-,

  
   

 ""#! %$ "

)5&)5/
College of Life Science and Engineering,
Southwest University of Science and Technology,
Mianyang 621010 – China
e-mail: wangdanxkd@163.com

1442

%$

" &   









 " #!"!





!(&$"&%"!&" "#&"!
  %"&%!%&$"%#%
      #&$#
=:.+7/*+7+:*=;=0*+7+:%+,:3A//51=B+:/<=5%8A /26/<17/533:-+7"B,/4;37

Department of Plant Protection, Gaziosmanpaşa University, Tokat, Turkey

*)"$%
Entomopathogen fungi,

%&$&

, aphids.



!&$"'&"!

Rose (  L.  Miller)
has been grown on earth for millions of year [1].
Rose is the most important crop in the floriculture
and natural fragrances industry. At an annual value
of $10 billion, roses are used as cut flowers, potted
plants, and their petals as a source of natural fragrances. Most of the essential oils obtained from
flower petals of rose have been produced from 
 Miller (Rosales: Rosaceae) (Isparta rose
and Damask rose) in Turkey for 125 years. The
total rose essential oil production in the world is 3.5
tons per year and about 1.5 tons of it is produced in
Turkey. Annually, the contribution of rose essential
oil to the country's economy has been reported to be
€ 15 million. Therefore, for Turkish economy oil
rose has very important agricultural crop. A number
of insect pests attack roses like rose aphids
(  ) [2-3]. Severe infestations of
the rose aphid causes the deformation of the leaf
blades and flowers, and shoot growth inhibition.
When they feed, they secrete honeydew like sticky
substance that causes saprophytic fungal growth on
rose flowers and leaves. This makes the surfaces
discolored and moldy [4]. In order to control 
 infestation, growers generally apply
synthetic insecticides such as pirimicarb, imidacloprid, and parathion, but the continuous application
of synthetic pesticides caused problems for the
environment, resistance in the aphid populations
health hazards, and residue problem on flowers [5,
6, 7, 8], therefore, researchers seeking alternative
methods which are less harmful to the environment
and no residue problem on crop such as biological
control. Several predators (such as lady beetles) and
parasitoids wasps of aphids have been control the
aphids population successfully [9, 10]. Recent years
enthomopathogen fungi gained interest in controling aphids pests of different crops [11, 12, 13, 14,
15]. Different commercial mycopesticides are
available for used of farmers World-wide [16]. The
entomopathogenic fungi    and
"  are natural enemies of a

In the present study, three isolates of entomopathogenic fungus    were
used for their efficacy on adult rose aphids
(   L.) under laboratory conditions. The fungal isolates were obtained from stock
cultures at the Phytopathology Laboratory of the
Department of Plant Protection at Gaziosmanpasa
University, Turkey. Spore suspension was prepared
from 30 days old culture of the isolates on PDA
medium. The fungal surface was scraped using a
sterile glass hokey rod with 10 ml of sterile distilled
water having 0.02% Tween 80. Spore concentration
was determined using a Neubauer Hemocytometer.
Inoculation was performed by spraying spor suspension of the isolates (F-12, F-53, and F-56) at
five different concentrations (1x104, 1x105, 1x106,
1x107, and 1x108 spores/ml) for testing their efficacy on rose aphid adults. Inoculated aphids were
transferred on rose shoot (100 mm length) in sterile
glass petri dishes (120 mm in diameter) and incubated at 26°C and 70±5% R.H for three days. Control was sprayed with sterile distilled water having
0.02% Tween 80. Then the treated adults were
monitored every day for the fungal growth and
mortality. The experiments carried out with 3 replications and 20 adults were used for each replication. The results showed that mortality was dose
dependent which increased with enhancing the
spore concentration of the isolates. The concentration of conidia affected the mortality of aphids
significantly (P<0.05). Maximum percent mortality
of 66.6% was recorded after 72 h of treatment with
a concentration of 1×108 of isolate F-56; in contrast
to this minimum percent mortality of 28.3 was
obtained by the application of lowest concentration
1×104 of isolate F-12. Mortality rates of the isolates
at1×108 spores mL-1 concentration were similar.
Nowadays, biological control, especially the use of
microbial agents, are considered environmentally
friendly and safe for non-target organisms. Therefore, isolates can be used to control 
. Further study will be conducted to determine
their effects in field conditions.
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wide range of insects including aphids [17, 18, 19].
 ( )  has been used
against greenhouse whitefly, thrips and aphids [20,
21, 22]. Similarly, ! , 
 and   have been reported as
entomopathogen of variety of insect pests [23].
Objective of present study was to determine 
 efficasy of local    izolates
against rose aphid .


14 days. Mycosis was confirmed by microscopic
examination of the hyphae and spores on the surface of the cadaver.

%<+<3;<3-+5 7+5A;3; The percent corrected
cumulative mortality of each fungus was subjected
to ANOVA test and the means were compared by
the Tukey test, using SPSS 16.0 software program
[24].

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

Virulence of the tested   isolates
against adult rose aphids (  ) at
five different conidial concentrations is given in
Table 1. All three isolates showed mortality at the
tested conidial concentrations. In the dose–
mortality response tests of isolate F-12,
F,53, and F-56 adult mortality reached 58.3%,
58.3% and 66.6% respectively within 72 h after
application of the conidial concentration of 1x108
conidia mL–1 (Table 1,2,3). So at 1x108 conidia
mL–1, isolate F-56 showed the highest mortality of
66.6% on   adults. The observed mortality
was low in first 24 h, after the treatment the mortality then increased from 48 h to 72 h. The mortality
in infected aphids with fungal isolate increased with
increase in spore concentration of conidial suspensions and exposure time. The susceptibility of
aphids to fungal infection is dose dependent [25-2627]. There is a significant difference between isolates and control at all conidial concentrations at the
end of 72 h incubation period (p≤0,05). In a previous study it was reported that the   isolate exposed 65% mortality on   adults at
108 spore mL-1 after 72 h. Results of the study
above is similar to our findings [28]. On the other
hand Sarnya et al. [29] reported that  
caused mortality 96% at 108 spore mL-1 on 
 adults after 7 days. In another study conducted by Loureiro and Moino (2006)  
caused 100% mortality on   at 1x106
spores mL-1 on the 7days of post-inoculation.
Araujo et al., [30] have reported that  
caused 90% mortality after 4 days at 107 spore ml1on mustard aphid (  ! Kalt.). The
results of these studies are different that our results.
This difference can be due to the difference in the
virulence of fungal isolates, host species and the
exposure time. The isolates displayed similar mycosis values, mycosis rates of the isolates F-12, F53, and F-56 were 75%, 75%, and 73.3% respectively within 14 day incubation periods after application of the conidial concentration of 1x108 conidia mL–1 (Table 4). Mycosis rates of the isolates are
also dose dependent, increase in spore concentrations resulted in increase of mycosis. This leads to
the conclusion that the mortality of the aphids was
due to the  infections.

&$%! &"%
  adults were obtained
from rose plant (   L.) at the Gaziosmanpasa University Campus area.
Fungal isolates were obtained from stock cultures at the Phytopathology Laboratory of the Department of Plant Protection at Gaziosmanpasa
University, Tokat, Turkey.

78-=5=6 #:/9+:+<387 Three entomopathogenic   (Bals.) Vuill. Isolates (F56, F-53 and F-12) were used for bioassays. 
 isolates were transferred to fresh PDA
plates from stock cultures and incubated at 25 °C
for 4 weeks until plates were fully overgrown. Conidial suspensions of fungal isolates were prepared
by adding 10 mL of sterile distilled water with
0.02% Tween 80 into the 4-week-old culture plate
and gently scraping the surface of the culture with a
sterile glass hokey rod to dislodge the conidia from
the surface of the agar plate. The conidial suspensions were filtered through 2 layers of sterile muslin
into 50-mL sterile plastic tubes (Falkon) to remove
mycelium and agar pieces. The obtained conidial
suspensions were vortexed for 5 min for homogenization. Finally, the spore concentration was determined with a Neubauer hemocytometer and adjusted to the desired concentrations when they were
tested.

38+;;+A;. Dose–mortality response test studies were conducted using   strain F-56,
F-53 and F-12. Twenty adult aphids were treated
with
5 different
conidial
concentrations
(1x104,1x105, 1x106, 1x107, and 1x108 conidia mL–
1) in 3 replicates. The spore concentrations (2 mL
per replicate) were applied using a small sprayer
(100 mL). After that, adults were put into glass
petri dishes (120 mm in diameter) with ventilated
lids including rose shoot. Mortality of aphids were
checked every day for 3 days after inoculation of
conidial concentrations. Control was sprayed with
sterile distilled water containing 0.02% Tween 80.
Whole experimental setup was repeated twice.
Dead aphids were then transferred to Petri dishes
lined with moistened filter paper, sealed with Parafilm and maintained in an incubator at 26±2 0C to
allow the growth of the fungus on the cadaver for
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35,0b
11,6b
33,3c
48,3c
@ 
@ 
21,6c
43,3d
58,3d
21,6c
48,3d
66,6d
@ 
*

Different letters in the same column are significantly different (p < 0.05, Tukey’s honestly significant difference [HSD] test).
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@ 
@ 
18,3c
28,3bc
50,0c
@ 
20,0c
46,6d
58,3d
*

Different letters in the same column are significantly different (p < 0.05, Tukey’s honestly significant difference [HSD] test).
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Different letters in the same column are significantly different (p < 0.05, Tukey’s honestly significant difference [HSD] test).
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25,0
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41,7
53,3
75,0

18,3
26,7
46,7
58,3
73,3
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In conclusion,the tested   isolates
have potential for development as a mycopesticide
for   control. However further studies are
required to confirm the present results under field
conditions by testing the isolates on various stages
of .
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tainable developments for the skipjack tuna fishery,
to protect the skipjack tuna habitats and mitigate the
food security for the world, has been scientific and
social interests [2]. Therefore, predicting responses
of skipjack tuna to these impact factors can be benefited for policy-maker to manage the skipjack tuna
effectively. Practically, both scientists and fishermen had attempted ways to predict their habitats
and distributions over the decades [3-5] [and personal communications with fishermen on field
working]. For scientists, the methods they used to
forecast the changing trends of skipjack tuna in the
future mainly included the physical-biochemistry
models [4, 6, 7], e.g. SEPODYM model from [3];
relationships between environmental parameters
and the skipjack tuna fishing data [8-10], and climate models [11]. In particular, most reports focused on investigating relationships which were
parameters for the models. Among these analyses,
the most common environmental parameters used
were the sea surface temperature (SST), sea surface
salinity (SSS), chlorophyll- (Chl-), and surface
streams for obtaining conveniently by satellite[12,
13]. For fishermen, they mainly focused on the SST
by their experiences combining with the other instruments, e.g. fishing radar.
Among the satellite-based data, SST is the
most readily measurable and precious parameter for
investigating the relationships with biological parameters or fishing data (specifically, e.g. catch data
or Catch-Per-Unit-Efforts (CPUEs)) and also one
limited ecological factor for skipjack tuna [9, 14].
Catches of skipjack tuna are the original fishery log
data referring how much fishes caught by each
individual vessel. In addition, the CPUE of skipjack
tuna is an indirect concept that represents the resource and the abundance of the skipjack tuna as
the dominant species in the purse seine fishery in
the WCPO, and also be used to estimate the resource change and assess the fishery activities by
the change of CPUE [15]. Over the past decades,
four styles of correlations have been reported be-

Skipjack tuna (  !#) is the determinant catch species in the tuna fishery in the
Western and Central Pacific Ocean (WCPO). Although models had showed tropical skipjack tuna
habitat was away from the WCPO on the future
warming scenarios, it is unclear the detail responses
of skipjack tuna to the occurring sea surface temperature (SST) changes. To address this gap, we
assessed the sensitivities and response rates of skipjack tuna to the SST during the global warming
hiatus period using a distributed lag non-linear
model. Strong and significant negative correlations
were investigated between the SST and the mean
catch-per-unit-efforts (CPUE) in the higher SST
region, specifically in the region between 10˚S and
10˚N. Moreover, the mean CPUE significantly
decreased after a 12-month lag when the SST was
below 28.7˚C. Our results recommended that more
rigorous tuna fishery managements in the WCPO
will be needed to carry out to adapt the future ocean
warming.
,*$&'
Skipjack tuna, climate change, purse seine, Pacific
Ocean, CPUE, fisheries management

#(&$)($#
With the dramatic developments in the open
sea pelagic fishery over the past two decades, the
catch of skipjack tuna (  !# ) by
purse seine had contributed more than half of the
catches in the Western and Central Pacific Ocean
(CWPO), where also yielded more than 55% of
tuna catches all over the world [1] [Other data were
from Secretariat of the Pacific Community (SPC),
http://www.spc.int/oceanfish/]. Currently, under the
overlaying pressures of increasing human fishing
activities and climatic changes, maintaining sus-
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Pacific Fishery Community (WCPFC) Commission
(http://www.wcpfc.int/node/4648). These data in
this study included the catches, fishing days in one
month, flag, and year/month at each 5° latitude and
5°longitude (5°×5°) cell which all data were made
up of observations from the three minimum vessels.
Besides, everyone who has interest in the skipjack
tuna fisheries (also other tunas) can download the
public fishery data from the website by agreeing
with the required statements to get detail catch log
data.

tween the SST (representing the environmental
parameters) and the CPUE value for tunas: 1) positive/negative relationships, e.g. [16]; 2) no obvious
relationships, e.g. [17]; 3) distributing at a preferred
SST range, e.g. [18], and 4) depending on complexes factors besides SST, e.g. [19]. So far, there are
still no consistent agreements with the correlations
between them.
Furthermore, climate change caused by the
over emission CO2 from anthropogenic active have
affected the fishery sustainable and economic developments, especially in the tropic ocean [20-23].
Models had predicted the extensions of spawning
ground to eastern tropic Pacific Ocean and other
high-latitude zones and the catches changes under
the future climate CO2 emission scenario [4, 11,
24]. Although the hiatus of the global annual mean
temperature increasing is going on since the end of
20st, [25] reported the global annual temperature
increasing will be likely to continue because this
hiatus is part of natural climate change tied to the
equatorial Pacific Ocean La-Niña-like decadal
cooling. Furthermore, there are still no specific data
showing the responses of skipjack tuna to a shortterm climate change period.
Over the past decade, skipjack tuna in WCPO
was on the full-exploited status state (more than
50% of the peak catch, and fishing data from [26]
according to the definition from [27]. Thus, in this
study, we used the CPUE as the indicator of community character of skipjack tuna in the WCPO to
invest their responses to the SST change on the
recent global warming hiatus period. Based on the
hypothesis that the CPUE of skipjack tuna could
reflect the adaptations and responses by the SST
changes and the lags behind SST, two specific aims
were carried out: a) to explore the response of skipjack tuna to the SST changes; b) to investigate how
fast the mean CPUE response to these SST changes.

125:5?5;:;2?41%) Here, we defined the
CPUE in one cell as the catches per day (ton·day-1)
in one month (Equation 1):

 (1)
'1- >@=2-/1 ?19<1=-?@=1 We downloaded
the level-3 monthly SST productions in HDF format from the OceanColor ftp facilities for Aqua
MODIS (http://oceancolor.gsfc.nasa.gov/). All
HDF files covered the global oceans and their spatial resolution is 9 km from Jan 2002 to Dec 2014.
Using the IDL programming language, the data in
the fishing regions are extracted and averaged into
5°×5° grids. The SST changes in each cell were
calculated by equation (2).

where the SST was the SST in each cell, SST
(mean) was the mean SST in the corresponding cell.
&1><;:>1 =-?1 ;2 >75<6-/7 ?@:- ?; ''(
/4-:31 To investigate the response rate of skipjack
tuna to the SST changes, a distributed lag nonlinear model (DLNM) [29, 30] was applied to estimated the delayed effect of SST on the CPUE in the
WCPO. In the DLNM, a cross-basis function was
constructed to reflect the relationships between the
SST and CPUE in a two-dimension array: SST and
lag. In short, a linear function was used for the SST,
and polynomial functions were used for the lag.
Finally, a 3D graph was illustrated to show the
relative ratio of the CPUE along with the SST and
the lag compared with the referred SST.

-?- -:-8C>5> In this study, we divided the
whole regions into 4 sub-regions latitudinal: the
southern hemisphere (SH): 15°S-0°N; the northern
hemisphere (NH): 15 ˚N-0˚N; the tropical region:
10˚S~10˚N, and the whole region. All the significant level was settled at P < 0.05. The R software
was used to perform all statistical analysis [31].

"(&!'#"($'
'?@0C-=1- The region between 15°S - 15°N
and 120°E - 180°E in the WCPO was chose as the
study area. Three reasons for this choice were: 1)
most of fishing grounds and catches in the WCPO
were from here since the 1970s and we have carried
out three cruises in this region [26] (Figure 3); 2)
fisheries around the tropic islands in the Pacific
Ocean provide the essential necessaries in daily
lives for the people in those countries; 3) high sensitivities of fisheries on the climate change were
reported in this region [21, 28].
5>45:3 0-?- <=;/1>>5:3 The fishery data
used in this study were from the public domain data
from March 2002 to December 2014, and downloaded from the website of Western and Central

!595?-?5;:> During this study, limitations
needed to be reported. The main one is to interpret
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why we chosen the mean CPUE as the response
indictor of skipjack tuna. The relationship between
the CPUE and the abundance was argued previously [15], and CPUE cannot be equaled as the abundance. However, based on the opinion that the
overall trend of CPUE can mirror the abundance
changes for the dominant species [15], the mean
CPUE in this study can be an acceptable indictor
because the skipjack tuna was the dominant species
in the purse seine fishery in the WCPO [26].

&18-?5;:>45<>.1?B11:?4191-:''(91-:
''( /4-:31 -:0?41 91-: %) Figure 1 illustrated the linear relationships between the mean
CPUE and the mean SST, and between the mean
CPUE and mean SST change from 2002 to 2014 in
the total area (Figure 1a, 1b), NH (Figure 1c, 1d),
SH (Figure 1e, 1f), and the tropical regions (Figure
1g, 1h, region of 10N-10S), respectively. Significant positive relationships were depicted between
the mean SST changes and the mean CPUE in the
total region, in the NH, and in the tropical regions
(Table 1). However, no significant relationships

)& 
!5:1-==18-?5;:>45<>.1?B11:91-:''(-/1391-:''(/4-:31>.024-:091-:%)-.
?41B4;81=135;:/0?41:;=?41=:4195><41=1 F# F#12?41>;@?41=:4195><41=1 F' F#
34?41?=;<5/-8=135;: F'D F#
The shade of the line represents the 95% confidence interval of the simple linear model.
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'@99-=51>;2?41>8;<1 A-8@1-:0& ;2?4185:1-==13=1>>5;:.1?B11:>1->@=2-/1?19<1=-?@=1''(
/4-:31>5:?41''(-:0/-?/4<1=@:5?122;=?%)

All
NH
SH
Tropical
CPUE>5 tons day-1
All
NH
SH
Tropical

Slope
-3.488
-6.785
2.698
-3.956

SST
 value
0.432
0.298
0.714
0.429

2
0.013
0.047
0.007
0.019

Slope
7.978
26.899
5.644
29.502

-9.828
-7.912
-9.774
-10.528



 
0.156



  
 
0.108



1.064
8.006
2.112
12.935

Changes in SST
 value
 


0.209


0.733
0.253
0.572
0.100

2
0.070
0.182
0.074
0.170
0.003
0.081
0.018
0.113

NOTE: All: the whole region; SH: the southern hemisphere (15˚S-0˚N); NH: the northern hemisphere (15˚N-0˚N); tropical:
the tropical region (10˚S~10˚N). The bold numbers are the correlations which were at significant level ( < 0.05).

)& 
!5:1-==18-?5;:>45<>.1?B11:91-:''(-/1391-:''(/4-:31>.024-:091-:%)?;:
0-C -.?41B4;81=135;:/0?41:;=?41=:4195><41=1 F# F#12?41>;@?41=:4195><41=1
 F' F#34?41?=;<5/-8=135;: F' F#
The shade of the line represents the 95% confidence interval of the simple linear model.
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(June-July, 2013),    (August-October,
2010), and
 (November-December, 2011)]
(Figure 3). Significant negative relationships with
great variances explained were found between the
mean CPUE and the mean SST in the whole region,
NH region, and the tropical region, respectively
(Figure 2 and Table 1). The region with the greatest
variance explained (40.2%) is the tropical region.
Thus, we further analyzed the relationships between
the greater SST (> 29 ˚C) and the mean CPUE in
the tropical regions. The results showed higher SST
will decrease the CPUE significantly ( = 0.009, R2
= 0.21).

were depicted between the mean CPUE and the
mean SST in each region (Figure 1, Table 1). Specifically, the mean CPUE had an increased rate by
7.99 ton day-1 in the whole region, 26.90 ton day-1
in the NH, and 29.50 ton day-1 in the tropical region
as one degree increase relative to the mean SST
(Table 1).
Figure 2 showed the responses of Skipjack tuna to the SST and SST changes at the mean CPUE
> 5 ton day-1, which can be considered as the minimum catch to keep a fishing boat sustainable production (private communication with the captains
when we sampled Skipjack tuna specimen on the
Purse Seine vessels   ! [vessels of
 

)& 
'-9<85:39-<0@=5:3?4=11/=@5>1>5:?41<@=>1>15:1>45<>5:?41*1>?1=:-:01:?=-8%-/525/$/1-:
*%$.C;@=>18A1>
The hollow circle represented the N-D cruise (November-December, 2011 in "); the solid circle represented the
A-S cruise (August-September, 2010 in   "), and the triangle represented the J-J cruise (June-July, 2013 in
 ").


CPUE (Tons Day−1)
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20
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29.2

29.6

30.0

Changes in SST ( °C)

)& 
&18-?5;:>45<.1?B11:91-:%)-:0''(''(  G
The black circle is the values were from northern hemisphere; the hollow circle values were from southern hemisphere. A
significant linear regression was depicted ( = 0.03).
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&18-?5A1=-?5;;2%).C''(E@>5:3-05>?=5.@?108-3:;:85:1-=9;018
The red line represents the threshold SST of the delayed CPUE below one.



&1><;:>1 =-?1 ;2 '75<6-/7 ?@:- ?; ''(
/4-:31 The three-dimensional plot (Figure 5)
illustrated the changes in the relative ratios of the
CPUE among different SSTs at all lags. There were
non-linear responses for the CPUE to the SST effect. The CPUE significantly decreased after a 12month lag when the SST was below 28.7˚C, whereas the greater SST (> 30 ˚C) was positive associated
with greater CPUE in the current day (zero-month
lag) (Figure 5).

mean CPUE and the mean SST in the great SST
regions, in particular between the 10N-10S in this
study. [34] had pointed that tropic terrestrial animals are sensitivity to the climate warming, while
different opinions occurred for the tropic marine
animals. [21] had modeled the high vulnerable to
the future warming in the tropic regions, and
showed the limited mean catch temperature changes
as tropicalizing over the several decades by the
landing data [22], however, [35] illustrated the
fishes tracked the local climate changes by a coastal
survey around the North America since 1968. For
the limitation of the data source in this study and to
avoid arguments about the high migratory of skipjack tuna, our results only showed the declines of
density of skipjack tuna occurred as the ocean
warming in the higher SST regions.
The mean SST could be a domain parameter
to explain the mean CPUE changes with great explained variance for the tropical fishing ground
(Table 1), although other environmental factors
affected the distribution and occurrence of Skipjack
tuna [5, 9, 32, 36]. [9] found that there was a low
but significant correlation between the SST anomalies and CPUE of Skipjack in the southern Brazilian
coast, and they assumed this correlation could be an
unexplained relationship. Furthermore, our study
implied the mean CPUE of skipjack tuna lagged
one year of the mean SST significantly when SST
was lower than 27.8 ˚C. Although SST was considered to impact the CPUE followed previous studies,
few focused on to explain how fast the skipjack
tuna response facing the changing SST. [9] also
found an unexpected result that the CPUE anomalies led the SST anomalies by one month in advance, and it is confused and seemed unacceptable

')''$#
Our results showed that the mean CPUE of
skipjack tuna were more sensitive to the mean SST
change than the mean SST in the whole region
(Figure 1). However, higher correlations were
found between the SST and the greater CPUE region (> 5ton day-1). Many reports had used the SST
to explain the abundance of skipjack tuna, e.g. [8],
however, there still no clear significant relationships between the CPUE and the SST, similarly to
other tunas, which included: no obvious relationships were reported, e.g. [9, 17]; positive/negative
relationship were reported e.g. [32] for positive
relationship; and [33] for negative relationships;
[16] for the mixed trend depended the SST range;
distribution under the certain ranges of SST, e.g. [9,
18] reported and other complex factors accompany
with SST were reported [9, 19]. It suggested that
the mean CPUE was affected by other environmental factors combining with SST as the previous
studies reports [9, 32].
Furthermore, our results revealed that stable
negative relationships were found between the
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to understand the analyses that SST could affect the
CPUE as the other reports. [5] reported using ENSO (El Nino Southern Oscillation) event can predicted the highest Skipjack tuna abundance and
fishing ground extending by several months, while
for the individual of Skipjack tuna, an advectiondiffusion model showed the media lifespan displacement ranged from 420 to 470 Nmi (nautical
miles) [37], and the median displacements of observed tagged Skipjack tuna was only 28.47 Nmi
based on observations from the Skipjack Survey
and Assensment Programme and 158.055Nmi at the
observations from the Regional Tuna Tagging Project [37]. Moreover, this one-year lag suggested
that the larval skipjack tuna/eggs could be more
sensitivity to the SST change. The domain length of
skipjack tuna caught in WCPO ranged from 4060cm, which corresponded to 1-2+ years old [26].
Moreover, the skipjack tuna in tropic regions can
spawn during the whole year [38], and the report of
that the larval fish can be generally found when the
SST > 24°C. [39] implied that spawning behavior
of the skipjack tuna could not impacted in this
study regions. Thus, the skipjack tuna could adapt
the SST change passively until the adult had
enough power to swim off the high SST regions.
Although the FAD-closure in the WCPO had
been carried out to mitigate the catches of juvenile
bigeye tuna (!! !) since 2009, 82% of
skipjack tuna were caught by floating objects
(FADs and logs) in the WCPO [40]. Moreover, as
the global warming was on the hiatus period recently, skipjack tuna fisheries on the WCPO could be
temporary productivity on the La-Niña-like decadal
cooling period [5, 25], while the warming trend will
be possible continue [25]. Therefore, through our
study, we strongly recommend the FAD-closures
need to be carried out strictly to adapt the disadvantageous effects on the tuna fisheries in the future
warming trend, not only for the juvenile bigeye
tuna and yellowfin tuna (!! ), but
also for protecting juvenile skipjack tuna. Although
the skipjack tuna reproduces rapidly, according to
our results, the mean CPUE can decrease significantly under the warming ocean, we recommend
strengthen managements for skipjack tuna fishery
in the tropical Pacific Ocean is needed in the future.
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Przewalski's gazelle ( &# ) is
endemic wildlife to the Chinese Qinghai-Tibet Plateau. Mineral elements are essential nutrients for the
growth and life activities of animals, in order to carry
out the protection work of Przewalski's gazelle, we
are systematically studied the seasonal variation of
mineral nutrient of alpine meadows in Hudong area
of Qinghai Lake Basin. The results showed that the
Hudong area belongs to selenium and molybdenum
deficiency area, and the selenium and molybdenum
content in the mixed forage was significantly lower
than the reference value. The nutrient content of the
mixed pasture has obvious seasonality, the mineral
nutrient content of the mixed pasture in seedling
stage and withering period was significantly higher
than that in fast growth period, but there is no significant difference between seedling stage and withering period for pasture. The mineral nutrient contents
of different forage varieties were also significantly
different, !"  , !  !
"! and !  !" were the main high
selenium plants, among which the selenium content
of !"  was the highest. Meanwhile, !"  was the basic food of
Przewalski’s gazelle, which accounted for 14.65%
of the total food, but it was not the favorite plant for
Przewalski’s gazelle (Ei  -0.876). Therefore, increasing the proportion of high selenium plants and
the selenium content of the mixed forage in the habitat of the Przewalski’s gazelle are the main
measures to protect the Przewalski's gazelle.



Plateau area. Due to human activities, grassland
overgrazing, grassland fences, poaching and nutrient
supply imbalance in the habitat, the habitat distribution range of Przewalski's gazelle is shrinking, and
the population quantity of Przewalski's gazelle is decreasing. So far, Przewalski's gazelle has only appeared around the Qinghai Lake [1]. According to
the investigation around Qinghai Lake in the 1990s,
there were only 5 populations and about 300 [2-3].
After more than 20 years of conservation and research, the population quantity of Przewalski's gazelle has obviously recovered, and now there are 11
populations, the total number of which is close to
1500 [4]. But Przewalski's gazelle continues to be
the smallest number of endemic mammals in China
[5]. The endangered state of the Przewalski's gazelle
has attracted worldwide attention. The World Conservation Union (IUCN) Species Survival Committee lists the Przewalski's gazelle as an extremely endangered species [6].
The Hudong area of Qinghai Lake is one of the
natural habitats of Przewalski's gazelle, with abundant illumination and precipitation, rain hot during
the same period. The annual mean temperature is
1.2°C, the extreme maximum temperature is 26°C,
the extreme minimum temperature is -41°C [7-8].
The imbalance problem of mineral nutrition in natural grassland of Qinghai Lake Basin has been reported, but there was a lack of data, especially the
research on seasonal variation of mineral nutrition.
Zhang et al (2005) found that the main clinical symptoms of Se deficiency in Tibetan sheep in the Hudong area of Qinghai Lake were emaciation, diarrhea, loss of appetite, growth retardation and fecundity decline, and the most serious case was sudden
death [9]. Pathological symptoms include degeneration and necrosis of skeletal muscle, myocardium,
and liver tissue, this disease was controlled by sodium selenite (Na2SeO3). Zhu (2005) reported that
the content of selenium in blood, liver and muscle of
yaks in Hudong area of Qinghai Basin was significantly lower than the reference value of healthy yaks
[10]. Shen (2010) reported that the copper deficiency
in Tibetan gazelle was caused by the high content of
sulfur in soil, the main symptoms were emaciation

,*#%&
Przewalski's gazelle, natural habitat, mineral nutrient, alpine meadow ecosystem, seasonal variation
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Przewalski's gazelle is a unique species in
China, which has been widely distributed in northwest China, north China and the Qinghai-Tibet
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dyskinesia, heterodiet and anemia [8]. Whether there
is mineral nutrition deficiency in the Przewalski’s
gazelle and whether there is seasonal mineral nutrition deficiency in Qinghai Lake Basin.
In order to investigate the effects of time and
space distribution of mineral nutrients in natural habitat of Przewalski’s gazelle, we are systematically
studied the mineral element of alpine meadows in
Hudong area of Qinghai Lake Basin. We analyzed
the mineral content of soil, plant and animal tissues
in different seasons and discussed the relationship
between mineral elements in soil-grass-animal system. However, the abnormal state of mineral nutrition in soil-plant-animal system may be due to the
simple deficiency or excess of single element, or to
the more complex relationship among mineral elements in soil, plant and animal [11-13]. Different
plant species have different mineral element contents, and even different strains or varieties within
the same species may have important nutritional differences in mineral element accumulation [14-15].
At the same time, there was also a synergistic or antagonistic effect between mineral elements. Therefore, the problem of mineral elements in animal is
particularly complicated. The purpose of this study
is to explore the mineral nutrition status of natural
habitat of Przewalski's gazelle through the study of
the seasonal variation of mineral nutrition in the natural habitat of Przewalski's gazelle, so as to provide
a new idea for the protection of Przewalski's gazelle.

were distinguished, the plant composition in the fecal samples of Przewalski's gazelle was recorded in
comparison with the standard slide.
'52<9920@6<;<3&<69.;1<>.42&.:=92?
The soil and forage samples were collected on 10th
June, 2017 (seedling stage), 10th August, 2017
(green grass period) and 10th October, 2017 (withering period). The soil samples were divided into 5
sites, and each site was collected one soil sample in
0-20cm surface soil with an interval of 200 m. The
collection of forage samples was mainly the overground part of local pasture, the main forage including !   , $ !%, $
  ,  !  , ! "", 
%  !!", "  , %"  "
! ,    !, !  !
and !  !"!. Each plant was randomly
collected 5 mixed forage samples in the seeding
stage, green grass period and withering period of forage, the samples were collected in 5 quadrats
(1m×1m), each quadrat intervaled 200m, each quadrat was collected one sample.
'52'>2.@:2;@<3<>.42&.:=92? The forage sample was naturally dried at 25 °C and crushed,
then it was passed through 0.2mm fine sieving and
bagged for use. Before the experiment, the digestive
tube wall was washed with a small amount of deionized water, and the forage sample was taken and put
into the tube about 0.5g, 6ml nitric acid (HNO3) and
1ml hydrogen peroxide (H2O2) were added to the
tube, then it was shake well and placed 10min firmly.
The solution was digested by microwave digestion
and cooled, the solution was transferred into the
100ml volumetric bottle, it would be dilute to the
scale, and then we marked it and determined under
the selected working conditions.

!'% &"!'#&

&@A1E &6@2? The experimental area is located
in the Hudong area of Qinghai Lake Watershed
(36°53' N-39°26' N, 96°49' E-99°41'E), the average
elevation is 3800m, it belongs to semiarid alpine climate with a large temperature difference and a short
frost-free period. There are different vegetation
types in this area, such as !" 
grassland, !!grassland, ! 
grassland, !  grassland,! 
 !" shrub,   ! meadow and so on,
!"  grassland is the main vegetation type in the Przewalski’s gazelle distribution
area.

'52'>2.@:2;@<3&<69&.:=92? The soil sample was air-dried in a cool ventilated place at 25 °C
in the room and crushed after, it was passed through
2 mm sieve, and then fine sand was removed through
0.08mm sieve. Before the experiment, the digestive
tube wall was washed with a small amount of deionized water, and the forage sample was taken and put
into the tube about 0.3g, 6ml nitric acid (HNO3) and
1ml hydrogen peroxide (H2O2) were added to the
tube, then it was shake well and placed 10min firmly.
The solution was digested by microwave digestion
and cooled, the solution was transferred into the
100ml volumetric bottle, it would be dilute to the
scale, and then we marked it and determined under
the selected working conditions.

<<1./6@?;.9E?6? The food habit was analyzed by microscopic analysis, and the local common plants were collected in the field to make standard sample slides. At least 20 fecal samples of Przewalski's gazelle were randomly collected each
month, the fecal samples were dried at 60°C-80°C
for 30 h. In the microscopic analysis, three feces
were taken from each fecal sample to form a mixed
fecal sample, which was crushed and stained with
red, each sample was made into 10 slides, each slide
was magnified 100 times under the microscope by
frequency conversion method, and 50 visual fields

'52 ;.9E?6? <3 &<69 .;1 <>.42 &.:=92?
Mineral elements in soil and forage were determined
by inductively coupled plasma atomic emission
spectrometry (ICP-AES) with HK9600 type atomic
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'520<;@2;@<3:6;2>.9;A@>62;@?6;:6D213<>.426;$>F2C.9?86?4.F29925./6@.@G4 4
92:2;@?
Cu
Zn
Mo
Mn
Se

&22196;4?@.42
5.63±0.35
43.13±3.35
1.39±0.14
135.37±8.12
0.045±0.004

>22;4>.???@.42
4.17±0.26
32.16±2.26
1.23±0.11
111.28±6.17
0.023±0.002

*6@52>6;4=2>6<1
5.73±0.33
43.52±3.33
1.41±0.13
139.38±8.21
0.044±0.003


' 
'52<==2>0<;@2;@<3:.6;3<>.42B.>62@62?6;$>F2C.9?86?4.F29925./6@.@G4 4
<>.42;.:2
! 
 !
$ !%
!""
! 
%" "!
! !
!  !"
! 
!" 
$  
% !!"
" 
  !
! !"!

&22196;4?@.42
5. 83±0.71
5. 22±0.90
4. 82±0.61
5. 85±0.37
5. 16±0.45
5. 48±0.52
5.73±0.66
5.57±0.90
5.19±0.62
5.23±0.59
4.76±0.82
5.55±0.62
4.52±0.77
5.37±0.65
5.26±0.52

>22;4>.???@.42
5. 32±0.75
3. 26±0.92
3. 51±0.65
3. 83±0.39
3. 19±0.43
3. 46±0.57
5.53±0.65
4.36±0.97
4.17±0.65
4.29±0.23
3.31±0.87
3.65±0.66
5.36±0.75
5.37±0.71
5.52±0.57

*6@52>6;4=2>6<1
5. 37±0.55
5. 18±0.32
4. 79±0.62
5.76±0.59
5. 28±0.63
5. 32±0.52
5.37±0.25
5.28±0.79
5.31±0.67
5.74±0.33
4.46±0.81
5.37±0.63
5.35±0.55
5.19±0.63
5.38±0.67

=0.005; Se  =2.27, =0.006).
=3.25,
There was no significant difference in the content of
Cu, Zn, Mo, Mn and Se in seedling stage and withering period. It can be seen from Table 2.

emission spectroscopy (Huaketiancheng Co., Ltd,
China).

.@.;.9E?6? The experimental data are expressed as mean (  ) ±standard deviation (S). The
data were analyzed by SPSS20.0 for Windows software, after the distribution of test data was normal
distribution, and the difference of mineral element
content in different species and different period was
analyzed by single factor variance analysis. The selective index (Ei) was used to study the selection of
feeding habitat and food by Przewalski's gazelle.
The product of the proportion of plant in the community and the ratio of food intake to plant that indicates
the proportion of plants in feed.

'52<==2><;@2;@6;6332>2;@<>.42?6;
$>F2C.9?86?.F2992./6@.@ The copper content
of   !, $ !%,  !  ,
%" "! , !"",!" 
 , $   and % !!"
in seeding stage and withering period were significantly higher than those in green grass stage (  
! =2.37, =0.003$ !%
=2.38, =0.002   !   =0.87,
=0.002%"  "!  =3.21, =0.001
! ""  =3.23, =0.002  !
"   =3.17, =0.003  $
   =3.28, =0.003  %
 !!" =3.17, =0.007)but there was no
significant difference in copper content between
seedling stage and withering period. The copper content of other forages was not affected by season (Table 2).


%&( '&

'52 <;@2;@ <3 !6;2>.9 92:2;@? 6; &<69
There was no significant difference in the total content of mineral elements in different periods of soil.
The average content of Cu, Zn, Mo, Mn and Se in
soil of study area was 15.73±1.57µg/g,
96.37±5.31µg/g, 1.63±0.31µg/g, 515.63±11.31µg/g
and 0.031±0.012µg/g, respectively.

'52 -; <;@2;@ 6; 6332>2;@ <>.42? 6;
$>F2C.9?86? .F2992 ./6@.@  The Zn content of
!  , $ !%,  !  ,
%" "! ,!  !",!"
 ,$   and% 
!!" in seeding stage and withering period were
significantly higher than those in green grass stage
(!  , =3.27, =0.003  $

'52<;@2;@<3!6;2>.992:2;@?6;!6D21
<>.42 The Table 1 was showed that the content of
Cu, Zn, Mo, Mn and Se in mixed forage in seedling
stage were significantly higher than those in green
grass stage (Cu  =2.23, =0.007  Zn,
=1.57, =0.001; Mo, =2.25, =0.003; Mn,
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!%, =3.81, =0.005   !  ,
=0.002  %"  "! , =4.23,
=2.77,
=0.007  !   !", =3.17,
=0.002  !"  , =3.11,
=0.003$   , =2.27, =0.003;
%  !!", =3.17, =0.007), but
there was no significant difference in Zn content between seedling stage and withering period. The Zn
content of other forages was not affected by season
(Table 3).

=0.001  %  !!",
=0.002; ! !"!, =2.96,
=0.002%" "! , =2.76, =0.007), but
there was no significant difference in the content of
Mo element between seedling stage and withering
period (Table 4).
=2.75,

=2.78,

'52 !; <;@2;@ 6; 6332>2;@ <>.42? 6;
$>F2C.9?86?.F2992./6@.@ The Mn content of
   !, $ !%, 
!  , %"  "! , !   !",
!"  and $   in
seeding stage and withering period were significantly higher than those in green grass stage (
   !, =3.27, =0.005  $
!%, =2.89, =0.003;  !  ,
=0.001 %"  "! , =3.27,
=2.87,
=0.009   !   !", =3.27,
=0.003  !"  , =3.17,
=0.002  $   ,
=2.28,
=0.001), but there was no significant difference in
Mn content between seedling stage and withering
period. The Mn content of other forages was not affected by season (Table 5).

'52 <;@2;@ <3 !< 92:2;@ 6; 6332>2;@
<>.42? 6; $>F2C.9?86? .F2992 ./6@.@  There
were significant differences in the content of Mo element of ! "", !"  ,
!  !",$ !%,! 
,  !, ! ,
 !, " ,! !
 and $   in seeding stage, green
grass stage and withering period. The content of Mo
element of %"  "! , %  !!",
!  !"! and  !  in seeding
stage and withering period were significantly higher
than those in green grass stage (  !  ,

' 
'52-;0<;@2;@<3:.6;3<>.42B.>62@62?6;$>F2C.9?86?4.F29925./6@.@G4 4
<>.42;.:2
! 
 !
$ !%
!""
! 
%" "!
! !
!  !"
! 
!" 
$  
% !!"
" 
  !
! !"!

&22196;4?@.42
33. 83±3.75
33. 22±3.90
32. 82±4.62
33. 85±4.37
33. 16±4.45
33. 48±3.52
43.73±4.12
33.57±3.97
33.19±3.62
33.23±3.59
42.76±4.12
43.55±4.67
23.52±2.77
43.37±2.65
43.26±2.53

>22;4>.???@.42
25. 32±3.73
33. 26±2.92
23. 81±2.65
33. 83±2.39
25. 19±2.42
25. 46±2.57
43.53±4.65
22.56±3.97
33.17±3.68
22.29±2.23
31.31±3.87
32.65±2.63
23.76±2.75
43.37±4.73
43.52±4.57

*6@52>6;4=2>6<1
33. 37±3.55
33. 18±3.36
32. 39±3.62
33.76±3.59
33. 28±3.63
33. 32±3.57
43.37±4.25
33.28±3.79
33.31±3.67
33.74±3.35
42.46±2.81
43.37±3.63
23.75±2.52
43.19±4.63
43.38±4.64

' 
'520<;@2;@<3!<292:2;@<3:.6;3<>.42B.>62@62?6;$>F2C.9?86?4.F29925./6@.@G4 4
<>.42;.:2
! 
 !
$ !%
!""
! 
%" "!
! !
!  !"
! 
!" 
$  
% !!"
" 
  !
! !"!

&22196;4?@.42
1.39± 0.23
1.53±0.27
1.17±0.23
1.38±0.21
1.59±0.19
1.43±0.22
1.36±0.21
1.21±0.22
1.44±0.25
0.92±0.17
1.42±0.21
1.39±0.19
1.38±0.21
1.49±0.23
1.47±0.17

>22;4>.???@.42
1.34± 0.17
1.48±0.19
1.18±0.16
1.37±0.13
1.27±0.19
1.17±0.17
1.35±0.15
1.23±0.16
1.42±0.23
0.91±0.22
1.42±0.21
1.13±0.15b
1.41±0.13
1.51±0.21
1.13±0.23
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*6@52>6;4=2>6<1
1.35± 0.17
1.51±0.19
1.12±0.17
1.39±0.15
1.58±0.27
1.43±0.27
1.37±0.22
1.25±0.21
1.43±0.21
0.94±0.17
1.41±0.15
1.42±0.17
1.31±0.19
1.49±0.23
1.52±0.27
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'52!;0<;@2;@<3:.6;3<>.42B.>62@62?6;$>F2C.9?86?4.F29925./6@.@G4 4
<>.42;.:2
! 
 !
$ !%
!""
! 
%" "!
! !
!  !"
! 
!" 
$  
% !!"
" 
  !
! !"!

&22196;4?@.42
131.33± 6.25
135.45±7.32
121.38±5.21
143.37±7.19
133.58±6.13
137.43±5.27
119.38±5.15
142.17±6.27
139.48±7.12
135.24±5.19
137.45±6.27
132.38±7.16
121.37±7.23
145.52±5.31
132.48±6.19

>22;4>.???@.42
132.35±4.15
133.39±5.19
105.37±6.16
142.39±7.13
116.27±6.14
111.27±5.17
121.41±6.14
122.21±7.18
141.41±6.21
113.27±5.25
101.45±6.23
137.23±5.11
125.42±6.13
117.54±6.27
131.33±5.21

*6@52>6;4=2>6<1
131.37± 7.13
134.42±8.17
122.41±6.19
142.42±6.14
135.56±7.23
137.47±5.17
118.39±7.21
143.22±6.11
141.39±5.17
133.23±8.12
138.43±7.13
133.41±6.12
122.36±0.15
142.49±0.21
131.51±0.37

' 
'52&20<;@2;@<3:.6;3<>.42B.>62@62?6;$>F2C.9?86?4.F29925./6@.@G4 4
<>.42;.:2
! 
 !
$ !%
!""
! 
%" "!
! !
!  !"
! 
!" 
$   )
% !!"
" 
  !
! !"!

&22196;4?@.42
0.022± 0.0073
0.028±0.0051
0.027±0.0043
0.026±0.0031
0.019±0.0013
0.018±0.0031
0.027±0.0015
0.039±0.0067
0.025±0.0031
0.044±0.0053
0.032±0.0031
0.033±0.0032
0.043±0.0032
0.017±0.0031
0.039±0.0021

>22;4>.???@.42
0.014± 0.0025
0.018±0.0012
0.019±0.0025
0.027±0.0021
0.018±0.0023
0.013±0.0027
0.018±0.0025
0.039±0.0027
0.014±0.0033
0.043±0.0023
0.024±0.0027
0.024±0.0036
0.043±0.0021
0.012±0.0015
0.037±0.0027



'52&2<;@2;@6;6332>2;@<>.42?6;$>F2
C.9?86?.F2992./6@.@ There were no significant
differences in the Se content of !  , !
"", !   !", !"
 , "   and !  !
"! in seeding stage, green grass stage and withering period, the Se content of    
!, ! ,$ !%,
! !,$   ,%" "
! , !  ,   ! and %
 !!" in seeding stage and withering period were
significantly higher than those in green grass stage
(  !, =2.76, =0.012 !
  , =2.72, =0.002  $
!%, =2.36, =0.001;! !
, =2.27, =0.002  $   ,
=0.012  %"  "! , =2.13,
=2.76,
=0.003; !  , =2.19, =0.001 
  !, =2.53, =0.001; %  
!!" =2.65, =0.002), but there was no significant difference in Se content between seedling stage
and withering period (Table 6).


*6@52>6;4=2>6<1
0.029± 0.0023
0.027±0.0033
0.028±0.0035
0.028±0.0027
0.019±0.0023
0.017±0.0031
0.023±0.0025
0.042±0.0027
0.026±0.0027
0.045±0.0025
0.031±0.0023
0.032±0.0029
0.045±0.0027
0.017±0.0019
0.042±0.0018

'52&2920@6<;<3<>.42/E$>F2C.9?86?.
F2992 $ !%, !   !",
$ !% and %  !!" were
the favorite plants for Przewalski’s gazelle.!
"  , ! "" , !  ,
" ,%" "! ,!  
!" and ! !"! were the main food for
Przewalski’s gazelle, among which !"
 accounted for the largest proportion, it
was accounted for 14.65% of the total food, followed
by !"" ,! , " 
 and! !"! (Table 7).
&(&&#"
'52 !6;2>.9 "A@>6@6<; <3 &<69 .;1 <>.42
Mineral elements are essential nutrients for animals
and plants, and it is of great significance to the evolution, growth and development of animals and
plants [16-17]. The results of this study showed that
the Se content of soil in Hudong area was significantly lower than the normal value, and the Se
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'52=><=<>@6<;<3:.6;=9.;@B.>62@62?6;3221<3$>F2C.9?86?4.F2992
<>.46;4=9.;@
!  !"
! 
!" 
$ !%
$  
!"" 
% !!"
" 
  !
%" "!
! !"!
! 
 !
! !

&2920@216;12D
0.273
0.218
-0.867
0.267
0.179
0.035
0.139
-0.047
-0.365
-0.189
0.137
0.114
0.135
0.173

$><=<>@6<;<3=9.;@6;3221
2.236
3.225
14.77
1.576
1.875
9.596
0.567
5.663
0.579
4.377
3.343
0.327
0.038
0.015

the results showed that plant varieties had significant
effects on the mineral element content of forage. The
Hudong area in Qinghai Lake is a serious selenium
deficient area, but our observations have not found
obvious selenium deficiency symptoms for Przewalski's gazelle such as emaciation, diarrhea, degeneration and necrosis of chondrocytes, muscular atrophy,
growth retardation, fecundity decline and other selenium deficiency symptoms. The optimal foraging
theory held that in order to obtain the maximum foraging efficiency, animals would be chosen the most
favorable food or the optimal diet [27]. However, our
previous studies have found that Przewalski’s gazelledid not like eat !"  which
was high selenium plants (Ei  -0.876), while
!"  was the main forage in the
habitat, and the proportion of !" 
 in feed is 14.77%. The seasonal variation of selenium content in !"  was not
obvious, especially during the long withering period
in winter, the fine forage has been completely fed,
and !"  which has poor palatability that has become an important food source for
Przewalski's gazelle, so it played an important role
in improving the adaptability ofPrzewalski's gazelle
to selenium deficiency environment. In order to explore the deep reasons of Przewalski's gazelle adaptation to selenium deficiency, the study of physiological adaptation mechanism will be carried out further.

nutrition of forage could not meet the needs of animal growth and development, especially the Se deficiency in the forage growing season was more serious, the Se content in the mixed forage in green grass
stage was only 0.023±0.002µg/g, the average content of Se in the mixed forage was less than
0.050µg/g, it was belonged to serious selenium deficiency [18-19]. The previous studies have found that
the Se content in blood and liver of yak and Tibetan
sheep in Hudong area was significantly lower than
the normal value, and the disease of selenium deficiency often occur [9-10], so it is very important to
increase the Se content of forage for the protection
of Przewalski's gazelle. At the same time, the Mo
content in mixed forage was only 1.23±0.11µg/g, the
Mo content in mixed forage was 2µg/g in the normal
conditions [17]. Molybdenum was mainly involved
in nitrogen metabolism in plants, when the molybdenum in soil was deficient, the primary productivity
of the ecosystem would be decreased seriously, but
there was no report of animal molybdenum deficiency [20-22], therefore, the application of molybdenum fertilizer can increase grassland primary biomass, increase the biological sources of wild and domestic animals, and play a positive role in the protection of Przewalski's gazelle.
There are many factors that affect the utilization of mineral nutrition in animals, the intrinsic ability of different plants to accumulate mineral nutrition
varied greatly [23-24]. In the forage and grain crops,
the variety difference is also an important factor that
can cause the mineral element content different, and
even different strains or varieties within the same
species may have important nutritional differences
in mineral element accumulation [25-26]. We studied the mineral nutrient content of plants (! 
 !",!  ,!" 
 ,$ !%,$   , !
"" ,% !!", " ,
   !, %"  "! , ! 
!"!, !  ,  ! and ! 
!) in the area around Qinghai Lake in 2016,

'52&2.?<;.9).>6.@6<;<3!6;2>.9"A@>6@6<;
6;&<69.;1<>.42 The natural habitat of Przewalski's gazelle is a serious selenium deficiency area,
the selenium nutrition of plant can not meet the
needs of animals. The Mo content in soil was also
relatively low, the previous studies showed that molybdenum deficiency was rare in animals, but increasing soil molybdenum content could improve
the primary productivity of ecosystem and increase
the food source of Przewalski’s gazelle [20]. Although our results showed that the seasonal variation
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of mineral elements in some forage were not obvious, the mixed forage had obvious seasonal characteristics, and the mineral nutrition contents of mixed
forage in high growth season were significantly
lower than those in seedling stage and withering period. The high growth of forage will increase the demand of mineral nutrition, it can be reduced the content of effective mineral nutrients in soil and further
influence the mineral content of forage, the results
were consistent with the results of our study in the
first meander grassland of the Yellow River in 2006
[21].

[4] Shen, X.Y., Huo, B., Min, X.Y., Wu, T., Liao,
J.J., Cai, P., Zhang, Y., He, Y.B., Sun, J.Q., Wu,
Y.L. (2018) Assessment of mineral nutrition of
forage in the natural habitat of Przewalski's gazelle (Procapra przewalskii). Acta Prataculturae
Sinica. 27(3), 108-115
[5] Shen, X.Y. (2009) Forage strategy of Przewalski’s gazelle under selenium stress. Beijing: Institute of Zoology, Chinese Academy Sciences.
[6] Jiang, Z.G., Wang, S. (2000) In antelopes global
survey and regional action plans-part 4 IUCN.
Gland. 2000, 125-231.
[7] Li, C.L., Jiang, Z.G., Li, L.L., Li Z.Q., Fang,
H.X. (2012) Effects of reproductive status, social rank, sex and group size on vigilance patterns in Przewalski's gazelle. Plos One. 7(2),
e32607.
[8] Shen, X.Y. (2010) Studies of unsteady Gait disease of the Tibetan Gazelle (Procapra picticaudata). Journal of Wildlife Diseases. 46(2),
560-5633.
[9] Zhang, L., Jiao, T., Zhong, Z.C. (2005) Analysis
of Se concentrations in study farm of Sanjiaocheng in Qinghai at different seasons. Journal of Traditional Chinese Veterinary Medicine.
24(5), 17-19.
[10]Zhu, Y.X. (2005) Contained in the body of yak
selenium around the area of Qinghai province.
Chinese Qinghai Journal of Animal and Veterinary Sciences. 35(4), 60-61.
[11]Jumba, I.O., Suttle, N.F., Hunter, E.A., Wandiga,
S.O. (1995) Effect of soil origin and herbage
species on mineral composition of forage in the
Mount Elgon region of Kenga. Tropical Grasslands. 29, 47-52.
[12]Huang, X., Sun, B., Zhang, J., Gao, Y. (2017)
Selenium deficiency induced injury in chicken
muscular stomach by downregulating selenoproteins. Biological Trace Element Research.
179(2), 277-283.
[13]Zhou, J.C., Zheng, S., Mo, J., Liang, X. (2017)
Dietary Selenium deficiency or excess reduces
sperm quality and testicular mRNA abundance
of nuclear glutathione peroxidase 4 in Rats.
Journal of Nutrition. 147 (10), 1947 -1953.
[14]Mcnaughton, S.J. (1978) Serengeti ungulates:
feeding selectivity influences the effectiveness
of plant defense guilds. Science. 199(4330),
806-807.
[15]Khoso, P.A., Pan, T., Wan, N., Yang, Z. (2017)
Selenium deficiency induces autophagy in immune organs of chickens. Biological Trace Element Research. 177(1), 159-168.
[16]Liu, C.P., Fu, J, Lin, S.L., Wang, X.S., Li, S.
(2014) Effects of dietary selenium deficiency on
mRNA levels of twenty-one selenoprotein genes
in the liver of layer chicken. Biological Trace
Element Research. 159(3), 192-198.
[17]Suttle, N.F. (2010) Mineral nutrition of livestock 4th ed. NCABI publishing, London, 587p.

'52 $><@20@6<; .;1 !.;.42:2;@ <3 $>F2
C.9?86?.F2992 The Hudong area is an important
natural habitat for Przewalski's gazelle, and it is also
a serious selenium deficiency area. In order to balance mineral nutrition of Przewalski’s gazelle habitat, on the one hand, selenium fertilizer is applied to
grassland to increase the selenium content of forage,
on the other hand, carrying out reseeding in grassland to increase the proportion of high selenium
plants. The application of molybdenum fertilizer can
not only improve the primary productivity of grassland ecosystem, but also increase the basic food
source of Przewalski's gazelle. The seasonal variation of mineral elements in mixed forage inPrzewalski's gazelle habitat is obvious. The mineral nutrition
of forage in the fast growing season was significantly
lower than that in seedling stage and withering period, so the seasonal mineral nutrition supplementation was carried out for wild animals to ensure that
wild animals live safely through the mineral deficiency season.
"#* !"'&
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This study was aimed to investigate the potential protective effects of propolis in some blood parameters of juvenile tilapiaexposed to a dinitroaniline herbicide pendimethalin. The fish exposed to
1/10 of the 96-h LC50 pendimethalin (0.042 mg/L), 2
mg/L propolis and 0.042 mg/L pendimethalin+2
mg/L propolis for 24 and 96 h. Results showed that
pendimethalin and pendimethalin+propolis groups a
significant decrease in the red blood corpuscles
(RBCs), hemoglobin (Hb) and hematocrit (Hct) level
as well as a significant increase in mean corpuscle
volume (MCV) level were observed for both period.
Propolis alone exposure caused a sudden and sharp
rise in RBC, Hb and Hct level were observed during
24 h as well as a considerable decrease of these parameters during 96 h. Alanine aminotransferase activity increased at all exposure groups at 24 and 96
hours while aspartate aminotransferase activity significantly decreased. Also, pendimethalin, propolis
and their mixture caused a decrease in serum ions
levels. In conclusion, these results suggested that
pendimethalin and propolis induced anemic condition and disrupted metabolic processes and osmoregulation in fish. In addition, even though the toxic effects of pendimethalin on blood parameters have
been slightly prevented by the effect of propolis but
it was inadequate.

species [2]. Recent studies reported that pendimethalin was detected at high concentrations in wet
deposition in Denmark (352 ng/L) and in the lacustrine zone waters in Spain (370 ng/L) [3, 4]. Also,
the toxic effects of pendimethalin in aquatic ecosystem are not remissible. For instance, 96h LC50 of
pendimethalin in ! !, 
      and 
 are 138 ug/L, 199 ug/L, 420 ug/L and 4.92
mg/L, respectively [5-7]. Moreover, some studies
demonstrated that it significantly altered total antioxidant status, induced oxidative damage and produced genotoxic effects on fish [7-9]. 
Propolis is a natural phenolic product collected
by bees from trees, buds and flower, which is mixed
it with their hypo pharyngeal secretions. It has wide
implementations in cosmetics and food industry
[10]. Also, it is thought to reduce the use of chemotherapeutics because of its several biological and
pharmacological properties such as antimicrobial,
antioxidant, antiviral, anti-inflammatory [11].
Therefore, researchers have recently been interested
in the beneficial effects of propolis on aquatic species [12, 13]. Abd-El-Rhman [14] reported that propolis enhanced growth and immunity of fish against
bacteria. Furthermore, some studies demonstrated
that propolis improve biochemical functions of fish
after xenobiotic exposure [15, 16].
Tilapia is one of the most common freshwater
fishes and considered to be a good model organism
for evaluating the toxicity of xenobiotics because
that they develop similar hematological and biochemical responses to mammals [17]. Also, analysis
of hematological and biochemical blood parameters
is a valuable and quick tool for monitoring changes
in the health status of fish [18]. Pendimethalin
widely used to protects crops like cotton, sunflower
and corn. However, there is still very few data are
available about the toxicity of pendimethalin and the
protective mechanisms of propolis on pendimethalin-induced physiological alterations in juvenile
fish. Therefore, this study was carried out to analyze
the effect of sub-lethal concentration of pendimethalin and potential protective effects of propolis
upon some selected hematological and biochemical
parameters on tilapia, .

)' "#
Blood parameters, Juvenile fish, Pendimethalin, Propolis,
Protective effect
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Pendimethalin, a dinitroaniline herbicide, is
frequently used to control weeds in contemporary
agriculture and classified as a persistent bio accumulative toxic compound as well as possible human carcinogen by US Environmental Protection Agency
(EPA) [1]. Extensive and unconscious used of herbicides due to their persistent nature are a major concern as they threat to entirety ecosystem especially
aquatic and cause adverse effect to non-target
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2:1 5*26;.6*6,. Juvenile
 
(10.34±1.18 g, 12.12±0.95 cm) were taken from unpolluted fish culture pools at University of Cukurova
and transferred to the laboratory where the temperature was kept at 20 ± 20C (12:12 L:D). Tap water was
used throughout, at a pH of 7.85 ± 0.73, an alkalinity
of 188 mg/L CaCO3 and dissolved oxygen of 7.40 ±
0.22 mg/ L. The fish were allowed to acclimatize to
these conditions for 15 days before use and fed with
commercial fish food (Pinar, Turkey). All animal
maintenance and experimental procedures used were
planned and conducted in accordance with the
Guideline of APHA, AWWA, WEF [19].

>8.925.6;*4 -.:206 Commercial formulations of pendimethalin n-(1-ethylpropyl)-3, 4-dimethyl-2, 6- dinitrobenzenamine) (Stomp, Basf, 450
g/L) and propolis (Balen, %14.4 propolis extract in
water) were used in aquaria containing 120 L test solution. The fish were exposed 1/10 of the 96 h LC50
pendimethalin (0.042 mg/L), 2 mg/L propolis and
0.042 mg/L pendimethalin+2 mg/L propolis for 24
and 96 h [7]. A control group was maintained in tap
water. Six fish were put into each aquarium and the
water refreshed every day. At the end of the experiments, blood samples of fish were collected from the
caudal vein of the individual fish. These blood samples were collected in anticoagulated tubes for hematologic evaluation. Hematological parameters including hemoglobin (Hb), hematocrit (Hct), red
blood corpuscles (RBCs), mean corpuscle volume
(MCV), mean corpuscle hemoglobin (MCH) and
mean corpuscle hemoglobin concentration (MCHC)
were determined by Sysmex pocH 100i. For biochemical parameters, enzymes activities (alanine
aminotransferase (ALT), aspartate aminotransferase
(AST)) and ion levels (sodium (Na+), potassium (K+)
and chlorine (Cl-)) blood samples were collected in
non-anticoagulated tubes, centrifuged 4000 rpm for
over 10 minutes and determined by Roche Cobas Integra 800. All analyses were determined on the same
day the blood samples were taken from the fish.

*;**6*4?:2:All parameters were expressed
as mean value ± standard error. For the statistical
analysis, a One-Way Analysis of Variance
(ANOVA) was used, followed by Student Newman–
Keul’s test to determine which individual groups
were significantly different from the control group,
using SPSS 10.0 statistical software (SPSS Inc., Chicago, IL). Also, significant differences between exposure periods were determined by Paired-Samples
T test. Differences were considered significant if <
0.05.

"#%$##%## 
In this study, exposure of tilapia to sub-lethal
level of pendimethalin resulted in significant timedependent decrease in red blood corpuscles, hemoglobin and hematocrit. Also, increased in mean corpuscular volume along with decreased mean corpuscular hemoglobin concentrations were observed after pendimethalin exposure. After one day propolis
exposure caused significant increases RBCs, Hb and
Hct in comparison to control group (Table 1). But, a
significant decrease in MCV level was noted in propolis groups. In fish of the pendimethalin+propolis
group a significant drop in the RBCs, Hb and Hct
level as well as a significant increase in MCV level
were observed for 24 h. After 96 h, RBCs, Hct, Hb
and MCV level significantly decreased while
MCHC level were found at the control level in the
propolis exposure group. Compared to the control,
tilapia after pendimethalin+propolis exposure had a
significantly lower RBCs, Hct and Hb as well as
higher MCV level. The remaining indices (MCH and
MCHC) in pendimethalin+propolis group were similar to the control group. The knowledge of the hematological parameters is a critical tool that can be
used a powerful and sensitive marker to monitor
physiological changes in fishes during xenobiotics
exposure. These parameters are commonly used to
understand the health status of fish and to monitor
the stress response [20]. In this study, hematological
parameters changed in pendimethalin, propolis and
their mixture treatments in different period. A
slightly similar situation occurred when fish were
exposed to pendimethalin and pendimethalin+propolis for 24 and 96 h. The red blood corpuscles, Hgb
and Hct level significantly decreased in both groups.
These results may be indicative of the antagonist action of the pendimethalin and propolis for 24 h. Similarly, Bojarski et al. [21] reported that Hb and Hct
significantly decreased after pendimethalin exposure. Also, Hamed and El-Sayed [22] declared that
pendimethalin caused significant reduction in hematological profile (RBCs, Hb, and Hct level) in Nile
tilapia for 28 days. Furthermore, Adhikari et al. [23]
demonstrated that exposure of   to sublethal levels of cypermethrin and carbofuran resulted
in significantly decreased RBC, Hb and Hct while
MCV increased in response to both pesticides. The
significant decrease in RBCs may be due to detractive effect of pendimethalin on the erythropoietic tissue and increased extinction of RBC could lead to
decreased Hb and Hct [24]. At the same time, MCV,
MCH and MCHC are known as red cell indices
which they express the size and hemoglobin content
of erythrocytes [25]. Therefore, results of this study
considered that pendimethalin and pendimethalin+propolis exposures induced anemic condition
in tilapia since MCV found higher level than the control group. Interestingly, in this study, propolis alone
exposure caused a sudden and sharp increase in
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RBC, Hgb and Hct level were observed during 24 h
as well as a considerable decrease of these parameters during 96 h. Acute and chronic toxicity studies
on propolis have still investigated. Previous studies
reported that propolis have ameliorative effects on
hematological parameters in fish after xenobiotics
exposures [26, 27]. On the other hand, Yonar et al.
[28] declerad that propolis alone exposure did not
significantly change in the hematological parameters

of carp. At the same time, researchers declared that
propolis and its compound could be harm for organisms when they exposed to high amounts. Therefore,
the results of this study are in agreement with the results observed on ! exposed to 0.02 and 0.03
g/L propolis [13].
In this study, alanine aminotransferase significantly increased at all exposure groups at 24 and 96
hours while AST significantly decreased (Figure 1).

$ 
.5*;74702,*48*9*5.;.9:26:.9<57/3<=.624.;24*82*.>87:.-;78.6-25.;1*4268978742:*6-;1.29
52>;<9./79 1*6-1
!*9*5.;.9:
Control
Pendimethalin
Propolis
Pendimethalin+Propolis
3
6
": (mm /10 )
24 h
1.24±0.02 ax
0.70±0.01* ay
1.65±0.03* az
0.76±0.01* ay
ax
*
by
*
bz
96 h
1.22±0.20
0.66±0.02
0.89±0.08
0.69±0.03* by
+(g/dL)
24 h
6.96±0.15 ax
4.99±0.15* ay
8.29±0.25* az
5.19±0.26* ay
ax
* ay
* bz
96 h
7.07±0.17
4.63±0.14
5.34±0.22
4.78±0.18* ayz
,; (%)
24 h
23.90±0.73 ax
17.16±0.46* ay
27.98±0.79* az
17.58±0.48* ay
ax
* ay
* bz
96 h
23.41±0.63
15.67±0.44
18.52±0.41
15.52±0.38* ay
3
& (μ )
24 h
184.63±0.43 ax
197.84±0.80* ay
163.225±0.51* az
192.55±0.98* ay
96 h
184.79±0.41 ax
201.77±2.71* ay
159.77±1.31* az
199.80±1.79* ay
 (mg)
24 h
51.85±0.41 ax
48.17±0.64* ay
51.26±1.32 ax
50.38±0.42 axy
ax
by
ax
96 h
51.65±0.38
44.71±0.56*
51.03±0.36
50.08±0.88 ax
 (%)
24 h
28.08±0.28 ax
24.23±0.97* ay
26.14±0.75 axz
26.65±0.52 axz
ax
ax
ax
96 h
27.48±0.24
25.08±0.90
25.99±1.17
28.25±0.45 ax
Values shown are mean±standard error. The letters a-b indicate statistical differences between periods and the letters x-z indicate differences among exposure groups for same period;
*groups with parameters significantly different from control.
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;1.2952>;<9./79 1*6-1
Values shown are mean±standard error. The letters a-b indicate statistical differences between periods and the letters x-z indicate differences among exposure groups for same period;
*groups with parameters significantly different from control.
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$ 
764.=.4:26:.9<57/3<=.624.;24*82*.>87:.-;78.6-25.;1*4268978742:*6-;1.2952>;<9.
/79 1*6-1
764.=.4
Control
Pendimethalin
Propolis
Pendimethalin+Propolis
(mmol/L)
*
ax
*
24 h
128.98±3.78
100.53±2.16 ay 110.52±2.12* az
111.55±1.67* az
ax
*
ay
*
az
96 h
130.16±1.71
99.09±0.81
106.98±2.42
101.33±1.26* by
4
ax
* ay
24 h
92.80±1.23
76.21±1.29
82.56±0.82* az
80.09±0.78* az
ax
* by
* az
96 h
91.93±1.57
71.35±0.77
80.16±1.28
79.70±0.98* az


ax
*
ay
24 h
3.38±0.09
2.19±0.08
2.59±0.08* ay
2.39±0.17* ay
ax
*
ay
*
ay
96 h
3.66±0.18
1.89±0.11
2.19±0.10
2.07±0.09* ay
Values shown are mean±standard error. The letters a-b indicate statistical differences between periods and the letters x-z indicate differences among exposure groups for same period;
*groups with parameters significantly different from control.



gills; therefore, it proposed that the levels of these
ions decreased in plasma. This fact is also very important because tilapia osmoregulation seriously altered after all exposures. In addition, the toxic effects
of pendimethalin on enzymes and ions concentrations have been slightly prevented by the effects of
propolis but it was inadequate.


 %# 

The biochemical parameters in serum of fish
are commonly used as sensitive biomarkers of early
changes due to xenobiotics exposure. Alanine aminotransferase and AST are two important enzymes
which they found mostly in the liver, but also found
in red blood cells. Similar results were verified in tilapia expose to pendimethalin for ALT activity [9,
22]. Also, Shoaib and Siddiqui [29] who reported increase of ALT and decrease of AST in  
  after pesticide exposure. The alterations in the
activity of ALT and AST represented that pendimethalin, propolis and pendimethalin+ propolis exposures caused to disrupt metabolic process and transamination and they could affect the physiological
functions of tilapia [30]. Also, increased ALT activity has reflected tissue damage or necrosis of cells in
tilapia of all groups.
The present study showed that pendimethalin,
propolis and their mixture caused the alterations in
serum ion levels of tilapia. Sodium, Cl- and K+ levels
decreased in all groups for 24 and 96h (Table 2). The
regulation of these ions in fish is essential for internal homeostasis. Sodium and Cl- are responsible for
the maintenance of osmatic pressure in the fish and
their alterations could be attributed to pathological
changes such as gill and kidney which play important role the exchange of ions between fish and
the surrounding water. The present results are in
agreement with the results of Sancho et al. [31] who
found that Na+ and Cl- levels decreased in  
 after pesticide exposure. Decreased Cl- and
Na+ may be due to inhibition of active ion transport.
Also, Tuna Kelestemur and Seven [32] reported that
serum K+ level significantly decreased in !
after propolis treatment. The balance between Na+
and K+ ions is important the stability of the fish and
are involved in the transport of high energy compounds. In the present study, these results suggested
that pendimethalin, propolis and their mixture treatment disrupted the intake of these ions through the

The present study showed that pendimethalin
and propolis caused to interfere with metabolic process and osmoregulation in fish. Also, the results indicates that propolis could be harm for organisms
and causes considerable alterations hematological
and biochemical parameters in juvenile fish; therefore it should be handling with care and avoid its use
excess amounts than safe concentration. In addition,
the blood parameters should be used as rapid and
sensitive bio indicators of environmental monitoring
toward the impact of xenobiotics on non-target organisms.
""#
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Changes in the sensitivity to fungicides with
active substances triticonazole + pyraclostrobin and
prothioconazole + tebuconazole have been detected
for 60 subculture isolates of the  
S-14 isolate as a result of exposure to fungicides with
active substances prothioconazole + trifloxystrobin,
thiophanate-methyl + tetraconazole and tebuconazole under field conditions during wheat blossoming. An increase has been found in the EC50 (μg/ml)
values of the isolates for prothioconazole + tebuconazole in the subculture isolates compared with the
EC50value of the S-14 parent culture isolate, and
fluctuations (increase/decrease) have been found in
the EC (µg/ml) values of the isolates after exposure
to fungicides with active substances thiophanate-methyl + tetraconazole. Fluctuations (increase/decrease) have been detected in the EC values of the
isolates for triticonazole + pyraclostrobin. A positive
correlation was found between the EC50value for triticonazole + pyraclostrobin and the mycelial growth
rate of the isolates after thiophanate-methyl + tetraconazole exposure, and the correlation coefficient of
0.52 was found to be significant (P <0.05). It was
determined that the fungicides do not have an effect
on the spore yield of the pathogen but cause deterioration in the spore structure.



losses vary between 34% and 50% in seed/soil-borne
infections [12, 13]. To prevent pathogenic seed/soilborne seedling infections, cultural precautions as
well as chemical control are necessary. In seed-cover
applications for wheat in Turkey, the mixture with
the active substances prothioconazole + tebuconazole, being sterol biosynthesis inhibitors, has been
used since 2013; the active substance triticonazole
since 1998; the mixture with triticonazole in the
same group and pyraclostrobin, being a quinone external inhibitor, since 2016 and the active substance
thiram (carboxine and dithiocarbamate group), being
a succinate dehydrogenase inhibitor, since 1993.
Based on the Fungicide Resistance Action Group
(FRAC) reports, although   belongs to
the phytopathogenic fungi group with a risk of low
resistance, this pathogen was reported to have gained
resistance to the methyl benzimidazole dithiocarbamate fungicide group in sweet potato [14]. However,
no information has been found on this subject regarding wheat. No study has been found globally and
in Turkey as to whether the sensitivity levels of the
pathogen have changed as a result of fungicide exposure applied under field conditions. Therefore, the
aim of this study is to investigate the changes in the
sensitivity of   to fungicides containing
active substances prothioconazole + tebuconazole
(Lamardor News 170 FS, Bayer Crop Science) and
triticonazole + pyraclostrobin (Insure Perform, Basf
Turkey) as a result of exposure to fungicides applied
under field conditions.

)' "#
 , wheat, tebuconazole, triticonazole,
prothioconazole, pyraclostrobin
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  has been identified as a
common and important pathogen species globally
and in Turkey in the fields where wheat is grown. It
causes rotting in roots and root crown and blight and
rotting in wheat stems [1-7]. Although  
has been reported to occur more frequently in cold
climates [2], in recent years, it has been determined
that it is abundant in wheat spikes under moist conditions in the Mediterranean countries [3, 5, 8, 9].
Reportedly,   is the most common pathogen in wheat [9-11] in the Thrace region, and yield

$"#$ #

<60*4 2:74*;.: In the anthesis period, under
field conditions (ZGS 64) [17], the wheat spikes of
Flamura 85 wheat species were inoculated with 
 S-14 (parent culture) isolate, which was
previously detected to be pathogenic in wheat (11),
at a ratio of 1 × 105 conidia/ml [15]; spikes were covered with a transparent polyethylene bag, and following incubation of 48 hours, fungicides with active substances prothioconazole + trifloxystrobin
(Madison SC 263, Bayer Crop Science Turkey) at
100 ml/da, thiophanate-methyl + tetraconazole
(Yamato SE, Sumiagro Turkey) at 175 ml/da and
tebuconazole (Rally EC 250, Agrofarm Turkey) at
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#;*;2:;2,:The mycelial growth rate (cm/day)
of isolates was analysed using analysis of variance,
and the differences between the means were detected
using SPSS (version 18; IBM Corp., Armonk, NY)
based on the Tukey test.
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#.6:2;2=2;@ 7/ 2:74*;.:The EC50 value of the
  S-14 parent culture isolates was found
to be 0.26 μg/ml for triticonazole + pyraclostrobin
and 0.43 μg/ml for prothioconazole + tebuconazole.
No change was observed in the EC value of the 
 S-14 subculture control isolates obtained
from wheat spikes under field conditions without
fungicide application (data not given).
The EC values for triticonazole + pyraclostrobin were found to vary between 0.14 and 0.52
μg/ml for TFM, 0.10 and 0.95 μg/ml for TFY and
0.30 and 0.62 μg/ml for TFR in the subculture isolates (Figures 1, 2, 3). The frequency range values
were 0.38 for TFM, 0.85 for TFY and 0.90 for TFR,
and the frequency range values of TFY and TFR
were found to be very close to each other. It was determined that the EC50 values of five isolates (TFM9, 14, 23, 33, 40) for TFM and two isolates (TFY-6
and TFY-24) for TFY were lower than that of the S14 parent culture isolate, and the EC value for TFR
was found to be higher than that of the parent isolate.
Only one isolate (TFM-50) had the same EC value
as the S-14 parent isolate. The MIC value of the S14 parent culture and subculture TFM, TFY and TFR
isolates was 30 μg/ml.
The EC50 values for prothioconazole + tebuconazole were found to vary between 0.54 and 1.90
μg/ml for TFM, 0.35 and 2.70 μg/ml for TFY and
0.86 and 2.20 μg/ml for TFR in the subculture isolates (Figures 1, 2, 3). The frequency range values
were 1.36 for TFM, 2.35 for TFY and 1.34 for TFR,
and the values of TFM and TFR subculture isolates
were found to be very close to each other. It was determined that the EC50 values of isolates TFY-13, 19,
23, 34 and 35 were very close to each other for both
fungicides. TFR-6, TFR-24 and TFR-48 were identified as isolates that produced the highest EC values for both fungicides. However, the fluctuations in
the EC values for prothioconazole + tebuconazole
were found to be higher than those for triticonazole
+ pyraclostrobin. For prothioconazole + tebuconazole, the MIC value of the S-14 parent culture was 3
μg/ml, whereas it varied between 10 and 30 μg/ml
and MIC values fluctuated in the subcultures. Eight
isolates (TFM-1,3,5,6,14,15,17,19) in the TFM subculture population; isolates TFY-7, TFY-11 and
TFY-65 in the TFY subculture population and isolates TFP-6 and TFP-48 in the TFR subculture population had MIC values of 30 μg/ml, and the other
47 isolates had MIC values of 10 μg/ml.

75 ml/da were applied using a manual atomiser at
commercial doses licensed for wheat. Single-spore
subculture isolates were obtained by re-isolation
from the seeds in wheat spikes ready to be harvested
in potato dextrose agar (PDA; Merck) broth medium. Wheat spikes which were not inoculated with
TFM following prothioconazole + trifloxystrobin
application to the isolates, TFY following thiophanate-methyl + tetraconazole application and TFR and
fungicide following tebuconazole application were
used as   controls. For each subculture
isolate, 20 isolates were selected to be used in the
trial. Subcultures were inoculated into an agar slant
containing PDA broth medium and stored at 4°C.
#.6:2;2=2;@7/2:74*;.:Of note, 0 (control), 0.1,
0.3, 1, 3, 10, 30 and 100 µg/ml doses of fungicides
with active substances prothioconazole + tebuconazole (Lamardor News 170 FS, Bayer Crop Science
Turkey) and triticonazole + pyraclostrobin (Insure
Perform, Basf, Turkey) were added to the PDA broth
medium using an automatic pipette such that the final dose was 1 ml. The 0.4-mm-diameter discs taken
from the edges of the colonies of the 4-day cultures
developed in the PDA broth medium of the isolates
were placed in a PDA broth medium with/without
fungicides such that there were three discs in each
plastic petri dish; these petri plates were left to incubate for 3 days at 23°C ±1°C in a completely dark
environment. At the end of the incubation period, the
findings were as follows: 1–EC (μg/ml; dose inhibiting mycelial growth by 50%) values of the  
 S-14 parent culture and subculture isolates,
2–Frequency range values of the subculture isolates
(calculated based on the difference between the
highest EC  value and the lowest EC value), 3–
Change frequency (CF) in the EC values of the subculture isolates (calculated by dividing the EC
value of the subculture isolates by the EC value of
the S-14 parent isolate) 4–The lowest density minimum inhibitory concentration (MIC; μg/ml) values
at which the   S-14 and subculture isolates did not demonstrate mycelial growth, 5–The effect of fungicides on the spore structure (determined
by microscopic examination of the structure of 100
conidiophores in each fungicide dose series). The
trial was conducted with three replications based on
a randomised parcel trial design. The trial was repeated twice.

@,.42*4 097>;1 7/ 2:74*;.: The mycelial
growth rate was measured by placing a disc in each
petri dish to the fungicide-free PDA medium, as described in the fungicide sensitivity test, and then by
measuring the colony diameter following incubation
at 23°C ±1°C for 3 days in a completely dark environment. The trial was conducted with three replications based on a randomised parcel trial design.
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The CF in the EC50 values for triticonazole +
pyraclostrobin for measuring the degree of change in
the sensitivity of isolates to fungicides was 0.54–2 in

the TFM subculture isolates, 1.15–4.61 in the TFR
subculture isolates and 0.38–3.65 in the TFY subculture isolates. The CF in the EC50 values for

1473

$#

! %   







!"  ! 


the growth rates of the isolates. One isolate (TFM6) in the TFM subculture population, five isolates
(TFY-33, 39, 40, 41, 65) in the TFY subculture population and six isolates (3, 12, 24, 37, 43, 50) in the
TFR subculture population were found to have a mycelial growth rate greater than that of the parent isolate, and no significant difference from the parent
culture was found. The mycelial growth rate of the
isolates TFM-14, 33, 3, 1, 5, 26, 23, 15, 24 and 38
was below the population average, and except for the
isolates TFM-1, 3, 14 and 33, the differences from
the S-14parent culture were found to be significant
(P <0.05).
A positive correlation was found between the
EC50 value for triticonazole + pyraclostrobin and the
mycelial growth rate in the TFY subculture isolates,
and the correlation coefficient of 0.52 was found to
be significant (P < 0.05) (Figure 6). A positive correlation was found for prothioconazole + tebuconazole in the same subculture isolates, and the correlation coefficient of 0.30 was not significant (P >
0.05). For triticonazole + pyraclostrobin, a positive
correlation was found in the TFM subculture isolates
and a negative correlation was found for prothioconazole + tebuconazole. A negative correlation was
found for triticonazole + pyraclostrobin in the TFR
subculture isolates, and a constant correlation was
found for prothioconazole + tebuconazole. The correlation coefficient values of TFM and TFR subculture isolates were not significant (P > 0.05).

prothioconazole + tebuconazole was found to be
1.25–4.19 in the TFM subculture isolates, 2.09–5.12
in the TFR subculture isolates and 0.81–6.28 in the
TFY subculture isolates (Figure 4).
//.,;7//<602,2-.:76:879.:;9<,;<9.7/2:7
4*;.: The development of the S-14 parent culture
and the TFM, TFR and TFY subculture isolates in a
fungicidal broth medium has been shown to have an
effect on the spore yield and spore structure of fungicides in microscope (Figure 5). It was determined
that the spore yield of the isolates does not depend
on the fungicide doses and that the isolates are sporulated at all doses below the MIC values. However,
it was observed that the fungicides caused deformations in the conidiophores of the pathogen from
doses of 0.3 μg/ml for prothioconazole + tebuconazole and 1 μg/ml for triticonazole + pyraclostrobin.
The deformations of the conidiophores of the isolates were observed as swellings of the whole or a
part of the spore and bending of the apical parts.
@,.42*4 097>;1 7/ 2:74*;.: The mycelial
growth rate (cm/day) determined based on the colony diameter measurement of the isolates in the fungicide-free broth medium is given in table 1. It was
found that the growth rate of the S-14 parent culture
was 1.63 cm/day, and the growth rates of the subculture isolates varied between 1.31 and 1.78 cm/day;
there was a significant difference (P <0.05) between



%" 
7?847;7/-*;*/975$$)*6-$":<+,<4;<9.2:74*;.::<55*92A260-2:;92+<;2767/
,1*60./*,;79



Solid lines within the box represent the median. The top and bottom lines of the box represent the 75th and 25th percentiles of
data. Vertical bars extending beyond the boxes represent the 10th and 90th percentiles. Circles indicate outliers.
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@,.42*4097>;19*;.:,5-*@7/# *6-:<+,<4;<9.2:74*;.:$$)*6-$"26;1.
/<602,2-./9..+97;15.-2<5
Isolates

mycelial growth
(cm/day)**
1.63 ab
1.64 a
1.58 a-c
1.56 a-d
1.56 a-d
1.53 a-f
1.54 a-f
1.52 a-f
1.51 a-f
1.48 a-f
1.48 a-f
1.43 a-f
1.41 a-f
1.40 b-f
1.40 b-f
1.37 c-f
1.36 c-f
1.35 c-f
1.33 d-f
1.33 ef
1.31 f

Isolates

mycelial growth
(cm/day)**
1.63 a-c
1.74 a
1.72 a
1.71 a
1.67 a
1.66 a
1.65 ab
1.65 ab
1.62 a-c
1.59 a-c
1.54 a-c
1.54 a-c
1.53 a-c
1.53 a-c
1.51 a-c
1.50 a-c
1.48 a-c
1.47 a-c
1.35 bc
1.34 c
1.33 c

Isolates

mycelial growth
(cm/day)**
1.63 ab
1.78 a
1.77 a
1.72 ab
1.69 ab
1.69 ab
1.66 ab
1.63 ab
1.62 ab
1.61 ab
1.59 ab
1.59 ab
1.59 ab
1.59 ab
1.59 ab
1.58 ab
1.48 ab
1.43 ab
1.43 ab
1.43 ab
1.31 b

S-14
S-14
S-14
TFM-6
TFY-39
TFR-24
TFM-17
TFY-41
TFR-43
TFM-7
TFY-65
TFR-12
TFM-18
TFY-40
TFR-50
TFM-8
TFY-33
TFR-3
TFM-11
TFY-11
TFR-37
TFM-19
TFY-45
TFR-52
TFM-50
TFY-35
TFR-19
TFM-40
TFY-7
TFR-6
TFM-28
TFY-19
TFR-47
TFM-14
TFY-21
TFR-44
TFM-33
TFY-38
TFR-5
TFM-3
TFY-24
TFR-4
TFY-23
TFR-2
TFM-1
TFM-5
TFY-4
TFR-56
TFM-26
TFY-34
TFR-59
TFM-23
TFY-13
TFR-54
TFM-15
TFY-6
TFR-9
TFM-24
TFY-5
TFR-48
TFM-38
TFY-8
TFR-7
AverAverAver1.59
1.56
1.46
age
age
age*
*: The average S-14 isolate is not included.
**: Mean values with the different letters within the same column are significantly different (P<0.05, Tukey Test)

#%## 

prochloraz, propiconazole and prothioconazole inhibit both wheat spike infections of   and
   and toxin production in wheat
spikes under field conditions. However, it is possible
to mention that fungicides have this effect in species
that are moderately resistant to pathogens and in
cases where the severity of the disease is low [7, 16].
Therefore,     
and    have been found to have

Triazole group fungicides that inhibit sterol biosynthesis, such as prothioconazole, tebuconazole
and triticonazole, and the strobilurin subgroup of
fungicides from the pyraclostrobin quinone outside
inhibitor group are known as fungicides effecting
against  spp. and fungicides such as bromuconazole,
cyproconazole,
metconazole,
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was determined to be dependent on the active substance and dose of the fungicide [21-23], for tebuconazole and epoxiconazole, in isolates with a high
EC value, nivalenol-producing isolates were found
to be more resistant than deoxynivalenol-producing
isolates [24]. It is known that the  S-14

gained resistance to azole group fungicides [18-20]
and   has been found to have gained
resistance to trifloxystrobin, being a strobilurin
group fungicide, and isopyrazam, being a succinate
dehydrogenase inhibitor [8]. It is also known that 
 is more sensitive than   to
the triazole group of fungicides. Although the fungicide sensitivity of   isolates from wheat

Triticonazole + pyraclostrobin

Prothioconazole+tebuconazole
EC (µg/ml)
%"
799.4*;276+.;>..64.=.47/:.6:2;2=2;@;7/<602,2-.:*6-5@,.42*097>;17/$$)*6-$"
:<+,<4;<9.2:74*;.:
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parent culture isolate used in this study produces deoxynivalenol. In our study, the inhibition of the mycelial growth of   isolates due to dose increase of the fungicide with active substances prothioconazole + tebuconazole was in agreement with the
results obtained by Akgül and Erkılıç (2016) [25].
Likewise, the researchers found that the inhibition of
the mycelial growth of the pathogen increased with
an increased dose of the fungicide with active substance tebuconazole [21], being a triazole group fungicide, and that the EC values varied between 0.14
and 1.43 mg/l depending on the isolate [26, 27]. In
addition, another investigator also determined the
EC value of  to be 0.006 μg/ml for fluquinconazole, being a triazole group fungicide, and
>20 μg/ml for prochloraz [22]. However, in these
studies, no information is available on the fungicide
that the isolates were exposed to under field conditions. In our study, increased EC values of prothioconazole + tebuconazole and triticonazole + pyraclostrobin in TFR isolates exposed to the active substance tebuconazole under field conditions show that
the fungicide sensitivity of the pathogen can be reduced rapidly compared with the previous fungicide
exposure and that the type of fungicide to which the
pathogen was previously exposed may have an effect
on fungicide sensitivity. Moreover, the fact that this
pathogen does not have any risk of high resistance
suggests that this reduced sensitivity following fungicide exposure may lead to the problem of resistance to fungicides used in seeds for seed/soilborne infections. The fact that the mycelial growth
of some TFR isolates is faster than the mycelial
growth of the parent isolate is an indication that their
ability to adapt to nature may be high.
Even if fungicides with the same active substances are used, the inhibition of the mycelial
growth of   may vary depending on the
isolate. Akgül and Erkılıç (2016) found the MIC
value of   isolate for prothioconazole +
tebuconazole to be 25 μg/ml, which was higher than
the MIC value (3 μg/ml) found in our study for the
parent culture [25]. However, it was considered that
the cause of the increased MIC value for prothioconazole + tebuconazole in the pathogen subculture
population was due to the previous exposure of the
isolates to fungicides with active substances prothioconazole, tetraconazole and tebuconazole, which
belong to the triazole group of fungicides, under
field conditions before the blossoming period of
wheat.
Tebuconazole, being an azole group fungicide,
has been found to cause swelling, thickening, incomplete septum formation, increased vacuoles and hyphal deformations in the grass tube wall of  
 [28, 29]. In our study, it was supported by
these findings of the researchers that prothioconazole + tebuconazole and triticonazole + pyraclostrobin caused swelling in the conidiophore cell
wall.

 %# 
The finding that exposure of   S-14
isolate to fungicides with active substances prothioconazole + trifloxystrobin, thiophanate-methyl +
tetraconazole and tebuconazole under field conditions caused a change in the sensitivity of the pathogen to fungicides with active substances prothioconazole + tebuconazole and triticonazole + pyraclostrobin, which are used for seed/soil-borne seedling infections, is significant. This is because that the
fungicides previously used against the pathogen under field conditions have an effect on the sensitivity
of the pathogen to fungicides is significant both in
terms of the stability of the fungicides used against
the pathogen in the dressing of the seeds and in terms
of the possibility of avoiding the problems of resistance that may arise in the future. Therefore,
knowing the fungicide that the pathogen is exposed
to under field conditions is important for tracking the
changes in the sensitivity of the pathogen to fungicides.
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      PALLAS EX BIEB., which
is indigenous to Southeast Europe and Turkey, provide aesthetic views with evergreen and flower and
form features in especially coastline landscapes. In
addition to its aesthetic qualities, it is resistant to salty
water sprinkles, salty soils and the impact of the wind
in coastal areas. Furthermore, it is also preferred in
arid lands due to its water retention characteristic.
The present study aimed to assess aesthetic and
functional properties of the       plant,
which is among the important plants in coastal landscapes due to the abovementioned properties, and attempted to propagate the plant using cuttings. Different doses of the IBA and IAA hormones were administered to green cuttings of the       
plant under greenhouse conditions (25 ± 2 ° C, 70 ±
2% humidity) in the perlite medium. At the end of the
study, rooting conditions and root lengths of the cuttings were determined. The highest rooting rate and
the root length were observed in the cutting treated
with IAA 5000 ppm hormone.



growth season from April to October at low altitudes
[3]. It is mostly indigenous to sandy river beds and
salty and barren sand. Thus, the tamarisk mostly prevents formation of sand dunes, and it is significant
for the greening the barren and salty desert regions,
especially the North African deserts. It is also used
as wind shield against edge erosions. In Anatolia and
Thrace in Turkey,    species that are indigenous to river beds such as       
               
  and    are observed [2, 4,
5]. Furthermore, it is also used in apiculture [3].
Tamarisk is a fire-adapted species with more effective fire-rescue mechanisms when compared to other
species [6, 7]. The ability of    to tolerate high
saline concentrations in the soil contributes to its
rapid recovery and competitive advantage after fires
[7]. In rare cases, it can provide food and shelter for
the survival of wildlife [8]. It is utilized as a pioneering plant in landscaping architecture to hold the dry
sandy soil and in planting of saline fields. It is resistant to the effects of salt in coastal areas. In addition to its functional uses, it is also preferred in landscapes due to its pink, light purple flowers and soft
calligraphic character [9]. Almost all of evergreen
and leafy species take a longer time to cultivate with
seed and the required qualities are often not obtained, thus these species are usually produced with
grafting [10]. The plants cultivated with this method
possess similar hereditary characteristics to the ortet
[11].
In the present study, the cultivation of the
      , which is resistant to salinity and
salty soil and wind effects that occur in coastal areas,
and has original floral and formal properties, was
tested with grafting. Effects of various hormone applications on rooting and root development of the
slips were investigated.

%# 
        cutting propagation, coastal
planting design
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   species are semi-evergreen plants with
a shrub or small-tree appearance and a very loose
and delicate structure. Cylindrical thin shoots have
scaly or acicular leaves. The leaves fall in the autumn
along with side shoots. The flowers that bloom early
in the spring have vivid purple-pink colors and are
arranged around a long axis to form flower assemblies. Fruits are in small capsule form. They are preferred in coastal landscapes due to their resistance to
sea wind and salt [1, 2].
They have 75 taxa that spread from Western
Europe to the Mediterranean and East Asia. Many
taxa are cultivated as precious ornamental plants due
to their fine and delicate young shoots and pinkish
flowers.    can bloom during almost all

! ! 

The soft cuttings of        that
were used as material in the study were obtained at
the sea level in June. The cuttings were kept in portable ice boxes until planted in perlite environment
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When the rooting values of the cuttings that received different hormone doses were examined, it
was determined that the best rooting percentage
(90%) was in the cuttings treated with 5000 ppm
IAA. 3000 ppm and 5000 ppm of IBA had the same
effects on the rooting of the cuttings. The lowest
rooting rate was observed in control cuttings where
no hormone treatment was conducted (Figure 1).
The effects of IBA, IAA and control applications on root length and root count of   
    cuttings are presented in Table 1. In the
study, the analysis of variance results demonstrated
that there were significant differences (P <0.01) between the cutting root sizes and root count based on
the different doses of hormone application. It was
determined that root length and root count values of
the cuttings treated with 5000 ppm IAA that also
produced the highest rooting rate were the highest.
Figure 2 shows the rooting status of the cuttings in
this group.

prepared in a greenhouse (25 ± 2°C, 70 ± 2% humidity). 3000ppm and 5000ppm doses of IBA and IAA
hormones were prepared as powder formula as the
rooting hormone. The cuttings were planted in the
perlite environment in the control order after treatment with the prepared hormones and without any
other treatment. Random blocks experimental design
was utilized. For each hormone and control application, the experiment was repeated 3 times and 20 cuttings were planted in each run.
At the end of the experiment, the number of
rooted cuttings was determined and rooting percentages were calculated. Furthermore, the lengths of the
roots that were formed on the cuttings and the total
number of main roots were measured and the data
were assessed.
Obtained data were analyzed with The IBM
SPSS Statistics 23.0 software and Duncan test with
variance analysis was conducted on the data. When
the analysis produced statistically significant (P ˂
0,05) differences, "Duncan" test was applied and homogeneous groups were formed.

337.2,5&7*6.2

"
    (877.2,675*&7*):.7-).++*5*27)36*63+-35132*

!
++*(763+).++*5*27)36*63+-35132*75*&71*273253370*2,7-&2)5337(38273+
    (877.2,6
Hormones
Root Length
Root Number
(ppm)
(cm)
( item )
IBA 3000
11,74 ± 5,59 a*
5,00 ± 3,28 a*
IBA 5000
8,56 ± 4,20 ab*
6,82 ± 3,03 a*
IAA 3000
6,58 ± 3,04 b*
5,50 ± 3,03 a*
IAA 5000
12,72 ± 6,94 a*
11,33 ± 8,27 b*
Control
11,13 ± 7,02 a*
5,64 ± 3,64 a*
F
2,905
1,587
Sig.
0,028**
0,002**
* The differences between the hormone treatments (arithmetic mean and standard deviation) were compared with Duncan test
on the columns.
**Significant at the 0.05 level
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The synthetic growth factors IBA (indole-3-butyric acid), IAA (indole-3-acetic acid) and NAA
(naphthalene acetic acid) are among the exogenous
factors that affect rooting under cultivation with cuttings [12]. The auxin group of hormones IBA, IAA
and NAA are plant growth regulators. It is known
that auxin stimulates branch roots [13]. All hormones directly or indirectly affect root formation.
Hormone application is effective on the initiation of
root formation and rooting rate in cuttings, and several difficult-to-root species could easily be rooted
[14].

In the present study, different concentrations of
indole-3-butyric acid (IBA) and indole-3-acetic acid
(IAA) were used to accelerate the rooting of the cuttings and increase the number of roots per cutting.
[19] emphasized that the IBA hormone has a higher
potential to increase root formation when compared
to the IAA hormone. In the present study, the best
rooting rate was determined in       
cuttings treated with 5000 ppm IAA hormone dose,
producing the best rate with a slight difference when
compared to IBA hormone treatment. In a study conducted with     , it was determined that 50
mg l¯¹ and 100 mg l¯¹ IBA treatment significantly
increased lateral root formation of the    
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seedlings when compared to the control. IBA was
also demonstrated to promote plant height [15]. In
studies conducted with certain tropical plants such as
     [16],       
[17] and     [18], it was reported that
root count increased with an increase in IBA concentrations. Contrary to these results, the present study
findings indicated that IAA hormone was effective
on cutting root length and root count. In particular, it
was observed that the number of cutting roots exhibited a significant difference when 5000ppm IAA
hormone was applied when compared to the application of other hormone doses.


"  

In summary, our results indicated that high
doses of the IAA hormone were more effective when
compared to the IBA hormone on the rooting and
root development of        cuttings.
Furthermore, our results suggested that higher doses
of IBA hormone would also promote the rooting of
cuttings, while concurrently increasing the cutting
root length and root count. As a result of these experiments, it was considered that more successful results would be achieved in       cultivation with cuttings Thus, the cultivation and utilization of       species that possess visual and functional characteristics in landscape architecture planting works would be promoted.
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To evaluate the effects of soil carbon composition and content on the quality of the carbon pool of
reclaimed soil, the soil of sunken land in a coal
mining area on the high-groundwater-level plain of
east China is used as the study subject. Using the
comprehensive evaluation model that is based on
principal component analysis, the qualities of the
carbon pool of reclaimed soils under four reclamation modes and three land use patterns are compared and analyzed through sampling site design,
field observation, and laboratory measurement.
Results show that the comprehensive quality score
of the carbon pool of reclaimed soil is lower than
that of the un-sunken area, thereby indicating good
carbon sequestration potential and considerable
room for improving the quality of the carbon pool.
Under different reclamation modes and land use
patterns, the rates of quality recovery of the carbon
pools varied. Mixed-bulldozing reclamation mode
is the best for the recovery of carbon pool quality,
followed by reclamation by filling with coal gangue
and reclamation by filling with fly ash. Reclamation
with hydraulic dredge pump is unfavorable to the
recovery of soil carbon pool. Regarding land use
pattern, rice–wheat rotation benefits the recovery of
soil carbon pool the most, followed by butter bean
rotation and afforestation. The relatively stable
organic carbon in soil greatly influences the carbon
pool quality of the reclaimed soil. Increasing organic carbon concentration can improve the soil structure and promote the formation of relatively unstable carbon and bioavailable carbon.



Soil carbon pool is a popular topic in the academic circle because it greatly affects soil quality
and the concentration of greenhouse gases in the
atmosphere. The composition of soil carbon fractions is an important factor influencing soil quality,
and the soil carbon pool is composed of organic and
inorganic carbon pools. Soil inorganic carbon pool
can influence soil organic carbon pool by affecting
the condition of soil aggregates, microbial activity,
soil pH, and decomposition rate of organic matter
[1]. Soil organic carbon pool then decomposes and
releases CO2 into the soil solution, thereby converting CO2 to inorganic carbon [1, 2]. Soil organic
carbon is a very complicated mixture consisting of
various organic carbon fractions and forms. The
properties of different kinds of organic carbon vary.
Organic carbon content in the soil carbon pool can
influence the transformation of soil carbon, thereby
influencing soil quality and the carbon cycle in a
terrestrial ecosystem. Unstable organic carbon in
the soil has bioavailability and can directly influence the supply of soil nutrients. The relatively
stable organic carbon is important to the carbon
pool and structure stability of the soil [3, 4]. A
comprehensive assessment of the influence of soil
carbon composition and content on soil quality is
important. Previous studies mainly focused on a
specific carbon type or on several types of organic
carbon. The soil carbon pool system is a reclamation system composed of multiple carbon types.
The difficulty and complexity of analyzing problems will increase with too many carbon variables.
According to existing literature, certain relationships exist between all types of carbon in the soil
carbon pool [5, 6]. Thus, a comprehensive analysis
is suitable for investigating soil carbon pool. However, research on reclaimed soil carbon pool is still
in the initial stage, and most previous studies concentrated on the total carbon of the reclaimed soil
or the total organic carbon pool [7, 8]. Only a few
scholars have performed tentative investigations on
the carbon fractions of such a system. A comprehensive analysis of soil carbon composition and its
influence on soil quality is lacking. Thus, a method

+)!$%
High-groundwater-level plain, reclamation modes, land
use patterns, principal component analysis, carbon pool
quality
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⎪ =   +   +  +  
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⎪
⎪⎩  = 1 1 +  2 2 +  +   

that can be directly referred to is not available.
Accordingly, a comprehensive evaluation based on
principal component analysis (PCA), which is
commonly used for evaluation, is adopted in this
article to evaluate the overall quality of all types of
carbon in the reclaimed soil, thereby providing a
theoretical basis for the reclamation practices and
reclaimed soil utilization.

(2)

It can be simplified to

 =  1 1 +   2 2 +  +     (3)
where  1 ,   2 , ,   is the coefficient to

*"$ &

which each index in each principal component
corresponds. j = 1, 2, ..., t. The model is required to
meet the following conditions:
(1) Fi and Fj are not related (i ≠ j).
(2) The variance of F1 should be larger than
that of F2, the variance of F2 should be larger than
that of F3, and so on.
(3) ak12+ ak22+…+ akp2 = 1 k = 1,2,…p.
Subsequently, F1 is designated as the first
principal component, and F2 is designated as the
second principal component. A total of P principal
components are obtained. Here, the aij is the coefficient of the principal component.

" "=59/5;71 -90 :017 ->5/ 01- :2
"-90?41-?418-?5/-7:017->5/01-
:2"Based on the mathematical idea of dimensionality reduction, PCA is used to determine several completely independent aggregate variables
that can take the place of the original numerous
variables and represent their information content to
the largest extent. Thus, PCA is a statistical analysis
technique for transforming multiple variables into a
few aggregate variables that are mutually independent [9].
Generally, the mathematical approach for
transformation in PCA serves to generate new aggregate variables through the linear combination of
original variables. However, numerous combinations are created if no limit is imposed. Thus, the
challenge is choosing the combinations. If the first
chosen linear combination (i.e., the first aggregate
variable) is recorded as F1, it is expected to reflect
the information of the original variable as much as
possible. The “information” here is represented by
variance, i.e., the larger the variance Var (F1), the
more information is contained in the F1. Therefore,
among all the linear combinations, F1 should have
the maximum variance and is called the first principal component. If the first principal component
cannot represent all the information of the P original variables, the second linear combination (F2)
should be added. The information already contained
in F1 will not appear in F2. In mathematical language, Cov(F1, F2) = 0 is required, where F2 is
designated as the second principal component. The
third, fourth, and subsequent principal components
can be constructed until P.

-7/@7-?5:9 %?1;> :2 " After the above
presentation of the principle of PCA, the calculation
steps are concluded as follows:
(1) Calculation of correlation coefficient matrix

⎡ 11
⎢
21
=⎢
⎢
⎢
⎣⎢ 1

12  1  ⎤
22  2  ⎥⎥
(4)


 ⎥
⎥
 2   ⎦⎥

In Formula (5), rij(i,j = 1, 2, ..., p) is the correlation coefficient of the original variable xi and xj,
and its calculation formula is as follows:


 =

∑ (



 =1



∑ (
 =1



−  )(  −  

(5)



−  ) 2 ∑ (  −  2
 =1

R is a real symmetric matrix (i.e., rij = rji).
Thus, only its upper or lower triangular matrix is
calculated.
(2) Calculation of eigenvalue and eigenvector

 -?418-?5/-7 :017 :2 " For sample data where P variables x1, x2, ..., xp are observed, the data information array of N samples is
as follows:
⎡ 11 12  1  ⎤
⎢
22  2  ⎥⎥
(1)
21
= ( 1 , 2 ,   )
 =⎢
⎢ 


 ⎥
⎢
⎥
⎢⎣ 1  2   ⎥⎦
PCA combines P variables into T new variables (aggregate variables), as follows:

First, the characteristic equation

λ −  = 0

is solved to obtain the eigenvalues λ (i =1, 2, ...,
p), which are arranged in order of size, i.e.,
λ1 ≥ λ2 ≥  ≥ λ  ≥ 0 . Then, the eigenvectors ei
(i = 1, 2, ..., p) corresponding to the eigenvalue λ
are calculated.
(3) Calculation of the contribution rate and
cumulative contribution rate of principal component
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The contribution rate of the principal compo

nent F1 is  / ∑  ( = 1, 2, , ) , and the cumulative

:8;=1419>5A1 #@-75?D A-7@-?5:9 :2 ?41
-=.:9 "::7 :2 $1/7-5810 %:57 "=:/1>> :2 ?41
:8;=1419>5A1 #@-75?D A-7@-?5:9 Abbreviations in the following tables are the same as those in
Table 1.

 =1





contribution rate is

∑ ∑ .
 =1



 =1



Generally, the first, second, and m-th principal components corresponding to an eigenvalue

λ1 , λ2 , , λ larger than 1 or those with a cumu-

& 
..=1A5-?10/:01?-.71

lative contribution rate larger than 85% are used.
(4) Calculation of the load on principal component

..=1A5-?10
/:01
MBR
CGR
FAR
HDPR
RWR(RL)
BBR(RL)
AR(RL)
RWR(NL)
BBR(NL)
AR(NL)
SL(SA)
SL(CLA)
UL(SA)
UL(CLA)
WDIC
PIC
LFIC
HFIC
MIC
MBC
WDOC
LFOC
POC
HFOC
MOC

(  ,  ) =   (,  = 1, 2, , ) (6)
Consequently, the corresponding index coefficients of the principal components can be calculated.

 = 
⎡ 11
⎢
21
  = ⎢
⎢
⎢
⎣⎢ 1



(7)

12  1  ⎤
22  2  ⎥⎥
  ⎥
⎥
1   ⎦⎥

(8)

where   is the original load on the corresponding factor in a principal component, and Cz is
the eigenvalue of each principal component. i = 1,
2, ..., t; j = 1, 2, ..., p.
Calculation of the Score of Principal Component
 =  1 1 +   2 2 +  +     (9)
where Fj is the score of the j-th principal component (j = 1, 2, ..., t).

"->10 :8;=1419>5A1 A-7@-?5:9
:017 The proportion of the eigenvalue of each
principal component to the total sum of eigenvalues
of the extracted principal components is used as the
weight to calculate the PCA-based comprehensive
model:
1 =

λ1

2 =

λ1

λ1 + λ2 +  + λ 1

,


,...,
λ1 + λ2 +  + λ 2
λ1
 =
 . Thus, F can be transλ1 + λ2 +  + λ 
formed into the following:
λ1
λ2
=
+
 +
λ1 + λ2 +  + λ 1 λ1 + λ2 +  + λ 2
λ
(10)

λ1 + λ2 +  + λ

where

Mixed-bulldozing reclamation
Reclamation by filling with coal gangue
Reclamation by filling with fly ash
Reclamation with hydraulic dredge pump
Rice–wheat rotation (reclamation land)
Butter bean rotation (reclamation land)
Afforestation rotation (reclamation land)
Rice–wheat rotation (normal land)
Butter bean rotation (normal land)
Afforestation rotation (normal land)
Sunk land in silt areas
Sunk land in clay loam areas
Un-sunken land in silt areas
Un-sunken land in clay loam areas
Dissolved inorganic carbon
Particulate inorganic carbon
Light fraction of inorganic carbon
Heavy fraction of inorganic carbon
Mineral associated inorganic carbon
Microbial biomass carbon
Dissolved organic carbon
Light fraction of organic carbon
Particulate organic carbon
Heavy fraction of organic carbon
Mineral associated organic carbon

The results show that the direct correlation between each type of carbon in the soil is strong, with
an overlap on material composition and information
[10]. Therefore, the PCA was performed on the 13
groups of soil carbon data (Table 2) involving different soil use patterns and reclamation modes, and
including one soil control in the 0–10 cm layer.
According to the principle of principal component
extraction, four principal components (Table 3,
Figure 1) are obtained. The loads of each index in
the principal components are calculated with Formula (6). The results show that BC, MOC, HFOC,
and MIC have higher loads in the first principal
component and are the principal components of
relatively stable carbon, which contributes to the
stabilization of the soil carbon pool. POC, LFOC,
LFIC, and PIC have higher loads in the second
principal component and are the principal components of relatively unstable carbon, which contributes to the continuous supply of effective carbon in
the soil. HFIC has a higher load in the third principal component and is the component of stable inorganic carbon component. WDOC, WDIC, and
MBC have higher loads in the fourth principal
component and are the principal components of
bioavailable carbon (Table 4).

 = 1 + 2 +  + 
Where

-81



λ is the eigenvalue, and  is the num-

ber of principal components.
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C contents
CGR
UL(CLA)
MBR
RWR(RL)
RWR(NL)
AR(RL)
AR(NL)
BBR(RL)
BBR(NL)
HDPR
FAR
UL(SA)
SL(SA)


& 
:9?19?:2-77?D;1>:2/-=.:959?41>?@0D>:57' &8363
WDIC WDOC BC
POC MOC LFOC HFOC MIC LFIC
84
2096
4635 6259 8405
920 13744 20555 366
68
844
14774 4397 23619 1922 26094 15137 192
73
704
7940 5734 15061 3111 17685 20879 223
69
704
5797 5734 15060 3110 17680 20861 222
54
841
12567 4397 25086 1920 26090 15221 192
22
1435
1625 3132 9290 1140 10270 26320 316
63
1498
2541 2786 17480 1820 18115 24404 289
44
607
4698 2734 10330 1390 11680 24756 381
62
692
6173 3022 16784 2230 17320 24261 353
45
118
2571 1611 10648 811 11448 14521 236
50
763
5347 9086 2422 2600 8908 16454 593
84
585
9742 3458 11476 2280 12655 14563 472
58
638
12601 5095 15707 2880 17922 18263 448

Component
1
2
3
4
5
6
7
8
9
10
11
12

Total
3.751
2.629
1.829
1.656
0.696
0.575
0.459
0.261
0.137
0.004
0.002
0.000

PIC MBC HFIC
306 403 20492
250 665 15172
2547 194 23271
2565 194 23275
250 135 15187
1607 370 27610
258 364 20585
51
116 24418
351 275 20892
472 215 14761
946 192 16798
2053 338 15648
2689 217 20494

& 
C?=-/?5:9:2;=59/5;-7/:8;:919?
Initial Eigenvalues
Extraction Sums of Squared Loadings
% of Variance Cumulative % Total % of Variance
Cumulative %
31.254
31.254
3.751
31.254
31.254
21.908
53.162
2.629
21.908
53.162
15.245
68.407
1.829
15.245
68.407
13.800
82.208
1.656
13.800
82.208
5.802
88.009
4.789
92.798
3.829
96.627
2.177
98.804
1.141
99.946
0.036
99.982
0.015
99.997
0.003
100.000

Note: Extraction Method: Principal Component Analysis.

'$ 
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-?=5C:2?41595?5-72-/?:=7:-0593

Principal component
1
2
3
4
WDIC
0.504
0.266
0.010
0.523
WDO
-0.272
-0.346
0.153
0.824
BC
0.877
0.210
0.035
0.037
POC
0.047
0.690
0.006
0.494
MOC
0.806
-0.424
0.346
-0.132
LFOC
0.363
0.724
0.509
-0.038
HFOC
0.872
-0.300
0.307
0.050
MIC
-0.651
-0.330
0.606
0.109
LFIC
-0.431
0.617
-0.379
0.208
PIC
0.025
0.676
0.517
-0.075
MBC
0.298
-0.415
-0.128
0.610
HFIC
-0.642
-0.082
0.732
0.059
The coefficients (Table 5) of each index in the principal components are calculated with Formula (7), and the scores (Table
6) of each principal component of the reclaimed soil are calculated with Formula (9).


&
:==1>;:90593/:1225/519?:2;=59/5;-7/:8;:919?5905/-?:=>
Principal component
2
0.20
-0.26
0.16
0.52
-0.32
0.55
-0.23
-0.25
0.47
0.51
-0.32
-0.06

1
0.27
-0.15
0.47
0.03
0.43
0.19
0.46
-0.35
-0.23
0.01
0.16
-0.34

WDIC
WDO
BC
POC
MOC
LFOC
HFOC
MIC
LFIC
PIC
MBC
HFIC

3
0.01
0.17
0.04
0.01
0.38
0.56
0.34
0.66
-0.41
0.57
-0.14
0.80

4
0.63
1.00
0.04
0.60
-0.16
-0.05
0.06
0.13
0.25
-0.09
0.74
0.07


&
"=59/5;-7/:8;:919?>/:=1>:2>?@0D>:57>
PC

CGR

F1
F2
F3
F4

-1.94
-8.09
38.86
10.06

UL
(CLA)
19.19
-12.79
41.65
5.48

RWR
(RL)
3.87 2.87
-8.41 -8.74
47.61 47.53
7.42 7.32
MBR

RWR
(NL)
18.66
-13.48
42.25
4.75

AR
AR
BBR
(RL) (NL) (RL)
-8.96 1.82 -4.69
-10.65 -14.54 -10.77
48.19 46.70 44.71
8.11
6.53 6.64

BBR
HDPR FAR
(NL)
2.97 1.19 -3.24
-12.87 -8.65 -0.42
46.59 30.03 30.36
6.02 3.32 10.05

UL
SL
(SA) (SA)
5.40 8.20
-5.56 -7.38
33.45 44.00
5.18 6.61

claimed soil. Among the soils of different reclamation methods, the quality of soil carbon pool quality
is arranged as MBR soil > CGR soil ≥ FAR soil >
HDPR soil (Figure 2). Among the reclaimed soils
of different land use patterns, the quality of soil
carbon pool is shown as RWR(RL) reclaimed soil >
BBR(RL) reclaimed soil > AR(RL) reclaimed soil.
Given the same land use pattern, the quality of soil
carbon pool of the reclaimed soil is inferior to that
of the soil located in the un-sunken area (Figure 3).
Table 7 indicates that the main limiting factors
affecting the quality of carbon pool in the soil reclaimed with hydraulic dredge pump (HDPR) are
relatively unstable carbon and bioavailable carbon.
The contents of LFOC, POC, LFOC, LFIC, PIC,

The weights of four principal components are
calculated based on the data from Table 3 and Formula (10); they are 0.38, 0.27, 0.18, and 0.17, respectively. With these weights, the comprehensive
score of the quality of each type of soil carbon pool
can be acquired.
9-7D>5> :9 ?41 :8;=1419>5A1 A-7@-?5:9
$1>@7? Evaluation results show that UL (CLA) soil
carbon pool is of the best quality, with the comprehensive score of 12.53, followed by SL(SA) with
the score of 10.42. The quality of HDPR soil carbon pool is the worst, scoring only 4.27. The quality of soil carbon pool in both clay loam area and silt
area indicates that normal soil is superior to re-
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HFOC, MOC, and MIC, which are the main causes
for the poor quality of soil carbon pool. The differences in carbon pool quality of the reclaimed soil
vary significantly with the land use patterns. Stable
carbon and relatively unstable carbon are the primary factors affecting the quality of carbon pool for
both the reclaimed soils used for butter bean rotation [BBR(RL)] and afforestation [AR(RL)] (Table
8).

WDOC, WDIC, and MBC are low in such soil. In
the soil reclaimed by filling with fly ash (FAR), the
contents of BC, MOC, HFOC, MOC, and MIC are
relatively low, which affects the quality of carbon
pool. The soil in sunk land [SL(SA)] has high levels
of stable organic carbon and inorganic carbon,
which primarily account for its high quality of carbon pool. Compared with the corresponding normal
soil, the reclaimed soil has low levels of BC, MOC,

'$ 
:8;=1419>5A1>/:=1>:2>:57/-=.:9;::7<@-75?D@901=05221=19?=1/7-8-?5:98:01>
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CGR
-0.74
-2.16
7.21
1.69

UL(CLA)
7.30
-3.41
7.72
0.92

MBR
1.47
-2.24
8.83
1.25

HDPR
0.45
-2.30
5.57
0.56

FAR
-1.23
-0.11
5.63
1.69

UL(SA)
2.05
-1.48
6.20
0.87

SL(SA)
3.12
-1.97
8.16
1.11


&
)1534?>:2-77?41;=59/5;-7/:8;:919?>:2=1/7-8-?5:9>:57/-=.:9;::7@901=05221=19?
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RWR(RL)
1.09
-2.33
8.81
1.23

RWR(NL)
7.10
-3.59
7.83
0.80

AR(RL)
-3.41
-2.84
8.93
1.36
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AR(NL)
0.69
-3.87
8.66
1.10

BBR(RL)
-1.78
-2.87
8.29
1.12

BBR(NL)
1.13
-3.43
8.64
1.01

%$

" &   









 " #!"!




&
:==17-?5:9.1?B119/:8;=1419>5A1>/:=1>:2=1/7-8-?5:9>:57/-=.:9;::7<@-75?D-90>:57;-=?5/71>-90
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Comprehensive
score

Clay

Silt

Sand

Fractal
Dimension

1.000

0.304

0.151

-0.124

0.458

1.000
0.195
0.195
1.000
-0.905** -0.169

-0.905
-0.169
1.000

0.319
0.470
-0.189

-0.189

1.000

0.477

0.302

0.477
0.302
0.305
0.289
0.251
0.118

1.000
0.918**
0.919**
0.598*
0.033
0.574

0.918**
1.000
1.000**
0.742**
0.069
0.762**

Comprehensive
score
Clay
Silt
Sand
Fractal
Dimension







0.304
0.151
-0.124
0.458

0.319

0.346
0.400
0.394
0.384
0.203
0.283

0.901**
0.895**
0.897**
0.646*
0.050
0.647

0.470

0.097 -0.879**
0.159 -0.894**
0.162 -0.898**
0.186 -0.481
0.120
0.010
0.087 -0.550


0.346





0.400



0.394





0.384

0.203

0.283

0.646*
0.186
-0.481

0.050
0.120
0.010

0.647
0.087
-0.550

0.305

0.289

0.251

0.118

0.919**
1.000
1.000
0.741**
0.074
0.758**

0.598*
0.742**
0.741**
1.000
0.162
0.886**

0.033
0.069
0.074
0.162
1.000
0.217

0.574*
0.762**
0.758**
0.886**
0.217
1.000

0.901** 0.895** 0.897**
0.097
0.159
0.162
-0.879** -0.894** -0.898**

** indicates significant correlation at the 0.01 level; * indicates significant correlation at the 0.05 level.

Part of a variable comment (Table 9) is as follows:
 Mean weight diameter of aggregate by wet sieving method


Mass percent of aggregate by wet sieving method (>0.25 mm)



Structure coefficient of water-stable aggregate

 Mean weight diameter of aggregate by dry sieving method
Mass percent of aggregate by dry sieving method (>0.25 mm)


Structure coefficient of air-dried soil

C?1=9-7 -/?:=> 221/?593 ?41 #@-75?D :2
-=.:9 "::7 :2 $1/7-5810 %:57 Considering the
function and significance of each carbon type for
soil quality, the quality of carbon pool of reclaimed
soil is comprehensively scored according to the
content of each type of carbon in the soil. In the
reclaimed soil, the content of each type of carbon is
closely related to its conversion in soil and the
supply of exogenous carbon. The physical and
biochemical properties of soil have a significant
influence on the accumulation and conversion of
soil carbon [11].

927@19/1 :2 "-=?5/71 :8;:>5?5:9 -90 3
3=13-?1 &=-5?> :2 $1/7-5810 %:57 :9 ?41 #@-75?D
:2 -=.:9"::7 Table 9 shows a specific correlation between the comprehensive score of the quality, soil carbon pool with the soil particle composition, fractal dimension, and aggregate traits, though
it does not reach the significant level. The main
cause for this shortcoming is that the quality of soil
carbon pool is the comprehensive reflection of the
contents of various carbon in the soil and their
impact on the soil. In comparison, the soil particle
composition, fractal dimension, and aggregate traits
have diverse impacts on different types of carbon.
The three factors can change the quality of soil
carbon pool by influencing the contents of various
carbon. Thus, the differences in quality of soil carbon pool are the result of the combined effect of
soil particle composition, fractal dimension, aggregate traits, and other physical and chemical properties.

mm
%
mm
%

By affecting the soil aggregate and its structural formation, soil particle composition wields an
impact on soil aeration, bulk density, improvement
of soil moisture, and soil microbial activity. Hence,
the accumulation and conversion of each type of
carbon in the soil are affected.

927@19/1:2%:575:/4185/-7"=:;1=?51>:9
%:57 -=.:9 The reclaimed sunken land in a coal
mining area on the high-groundwater-level plain of
east China was investigated in this article. After
reclamation, the contents of all types of organic
carbon in the soil were found to increase over time
to varying degrees. The research by Ding [12] on
the reclaimed soil in the area of carbonaceous shale
weathering in Fushun, Liaoning province, showed
that after reclamation, the total nitrogen, available
phosphorus, and available nitrogen of the soil in the
mine increased year after year, and the organic
carbon content also presented an increasing trend
.Shadrack et al. investigated the carbon/nitrogen
dynamics and carbon fractions in the soil of north
China plain under the patterns of long-term tillage
and straw management. They found that the contents of soil N, P, K, and Zn were significantly
positively correlated with the contents of organic
carbon and other carbon components in the soil [13,
14]. Hou’s study showed that one year and three
years after the reclamation in the sunken land
caused by coal mining, the amount of soil microorganisms was both less than that of the control.
Moreover, the amount of actinomycetes in the nonrhizospheric section and that of rhizospheric micro-
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organisms both increased conspicuously over time
[15].
In summary, after the reclamation for the
sunken land, the quantity of soil microorganisms
and the contents of nitrogen, phosphorus, and potassium rose gradually, pushing plant growth and
the accumulation of soil organic matter. These
effects, in turn, enhanced the content of soil organic
carbon, which plays a positive role in improving the
quality of soil carbon pool.
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(1) The soil contains various types of carbon
whose status and role have certain differences.
Accordingly, assessing the quality of soil carbon
pool by the features of one or two types of carbon is
inaccurate. With the PCA, the principal components
of all types of carbon can be classified, which is
helpful to determine the limiting factors for the
quality of soil carbon pool. The comprehensive
quality evaluation of the soil carbon pool based on
PCA is more accurate and conforms to the practical
situation.
(2) The contents of BC, MOC, HFOC, MOC,
MIC, and other relatively stable carbon are low in
the reclaimed soil, which is the main reason for the
low quality of carbon pool. The primary limiting
factors for the quality of carbon pool in the soil
reclaimed with hydraulic dredge pump are relatively unstable carbon and bioavailable carbon, while
those for the soils under the use patterns of butter
bean rotation and afforestation are stable carbon
and relatively unstable carbon. To accelerate the
improvement of carbon pool quality of the reclaimed soil, the contents of relatively stable carbon
should be raised. Such increase can improve the
soil structure and promote the formation of unstable
carbon and bioavailable carbon.
(3) The comprehensive evaluation results of
carbon pool quality in the sunken land caused by
coal mining and the reclaimed soil show that the
comprehensive scores of the reclaimed soil in clay
loam and silt areas are both lower than the score in
the un-sunken area. This finding indicates a great
potential for carbon sequestration and a large space
to improve the quality of carbon pool. Among the
four modes of reclamation, mixed-bulldozing reclamation is the best for the recovery of the quality
of soil carbon pool, followed by reclamation by
filling with coal gangue, and that by filling with fly
ash. Reclamation with hydraulic dredge pump is
unfavorable for the recovery of soil carbon pool. In
terms of land use patterns, rice–wheat rotation most
benefits the recovery, followed by butter bean rotation and afforestation.
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The purpose of this study is to develop a model for monthly prediction of average temperatures in
Gaziantep based on geographical variables and
meteorological data from 1960 to 2014, provided by
the Turkish State Meteorological Service. The input
variables used in the study are year, month, latitude,
longitude, altitude, minimum and maximum temperatures, while the output variables are average
temperatures. In order to predict average monthly
temperatures, three different artificial neural network models were developed, namely the Multilayer Perceptron (MLP), Cascade ANN, Elman
ANN and multiple linear regression (MLR) method,
and the accuracy of the predicted average monthly
temperature values were compared with the measured values. The determination coefficient
value was calculated as 99.90 percent for the Multilayer Perceptron analysis, 99.88 percent for the
Cascade and Elman ANN analyses and 99.65 percent for the MLR analysis. Additionally, the mean
absolute percentage error (MAPE) values were
found to be 2.380 percent for the Multilayer Perceptron, 2.391 percent for the Cascade ANN, 2.586
percent for the Elman ANN and 3.978 percent for
the MLR. Similarly, the Mean Squared Error
(MSE) value – as a further measure of accuracy –
was calculated to be 0.081 for the Multilayer Perceptron, 0.094 for the Cascade ANN, 0.116 for the
Elman ANN and 0.272 for the MLR. It was determined that the monthly average temperature predictions derived from the Multilayer Perceptron were
more accurate than those derived from the other
analysis, and it was observed that the predictions
derived from the ANN were observed to be closer
to the actual monthly average temperature values
than those derived from the MLR. The developed
model is recommended for use in the prediction of
average temperatures.

Temperature is the amount of heat present in
an object, and is related to the kinetic energy contained within particles (atoms or molecules) of a
system. As the temperature increases, the average
kinetic energy of the system’s particles also increases, moving the particles at a faster rate. As the
temperature decreases, the average speed of the
particles decreases, resulting in slower movement.
Temperature is mainly used in reference to
weather. The air temperatures change as the amount
of heat present in the air changes as due to the influence of solar rays. Temperature is a scalar quantity and is recorded in fundamental magnitudes.
Daily, monthly and annual average temperatures are
the quantities obtained by dividing the sum of the
values measured at certain intervals to find the air
temperature at any location within a day, month or
year with the number of measurements performed
[1, 2].
Temperature predictions hold an important position in areas such as the environment, industry
and agriculture [3]. The consequences of climate
change are considered as one of leading environmental problems threatening humankind and the
environment [4]. Climate change caused by industrialization has led to the global warming the world
experiences today. It is important to determine any
variations in ambient temperature, as any excessive
variations in temperature may be detrimental to
agriculture, plants, animals and humans [5]. Temperature predictions are important in identifying
risks of hurricane or flood [5, 6]. Similarly, they
have also been used to accurately predict the energy
consumption, earth surface temperature, solar radiation and ambient temperatures [3, 5]. Previous studies on prediction temperature in literature are numerous, including, among others, those by [5-18].
The purpose of the study is to make a comparative prediction of temperatures using the methods
of multilayer perceptron, Cascade, Elman artificial
neural networks and multiple linear regression, and
to identify the most accurate prediction model.





(' "#
Multilayer Perceptron, Cascade ANN, Elman ANN,
Average Temperature, Prediction.
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,=, The data used in this study consists of
Gaziantep’s monthly minimum and maximum temperatures for a 55-year period (1960–2014), retrieved from the State Meteorological Service, and
the latitude, longitude and altitude of Gaziantep,
which is used to predict the monthly average temperatures in the city. 

,=, 8,6A<4< 0=39/ The data was examined with Multilayer Perceptron, Cascade and
Elman network analyses, all of which are ANN
techniques, and a multiple linear regression analysis. Accuracy assessments and their associated
formulas were calculated to compare the performance of all of the models used in the analyses.
SPSS 21 and Matlab 2018a were used to model the
average temperatures by way of ANN.

;=414.4,6 0>;,6 0=@9;5<0=39/< Artificial neural networks (ANN) are computer systems
that have been developed by taking inspiration from
biological neural networks, which can derive, generate and discover new knowledge by way of learning, akin to a human brain [19,20]. Having been
used for predicting purposes since the 1980s, ANN
techniques allow linear and non-linear modelling
between the input and output variables, without
requiring any preliminary information. As a prediction tool, ANN are more generic and flexible than
other methods [21]. An ANN is similar to a human
brain, in that it acquires knowledge by way of learning, while interneuron weights store the acquired
knowledge [20]. 
An ANN is composed of numerous operating
elements, referred to as neurons, which are arranged
in different layers of the network. These layers
consist of a single input layer, an output layer and
one or more hidden layers [22,23]. The prediction

process is carried out by means of the following
equations:

where W_ij denotes the synaptic weights, X_i
the input values of the ith variable, and A_j the sum
of the products of the synaptic weights and input
variable values. There are various formulae in literature that are used as an addition function in different ways. f is the transfer function, and θ_j is the
threshold value of the jth neuron. Y_j, is the output
value determined by the activation function. More
than one transfer function is used in literature (hyperbolic tangent, gaussian, sigmoid), with the most
common one being the sigmoid function [14,10].


>6=46,A0;!0;.0:=;989;@,;/00/,.5
!;9:,2,=498 0>;,6 0=@9;5 The Multilayer
Perceptron (MLP) is the most commonly used
model in artificial neural networks. In such networks, each neuron outside the input layer and
output layer is connected to another neuron on the
previous and next layers; there is no connection
between neurons in the same layer. Learning is
carried out according to the delta learning rule. The
delta learning rule takes place in the form of calculations, or passes, made forwards and backwards. In
a forward pass, outputs are generated that correspond to the inputs during learning. In a backward
pass, the actual output value and the predicted output value are compared, and the resulting error is
back propagated to change the weights [25]. 
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,<.,/0 9;@,;/ ,.5 !;9:,2,=498 0>
;,6 0=@9;5  A cascade artificial neural
network resembles a MLP neural network, and such
networks have unidirectional forward connections.
The neurons on each layer are fully connected to a
neuron on the next layer. The neurons on the input
layer are connected to the neurons on the output
layer [11].

67,8  The Elman ANN is a recursive
network. Like in the MLP structure, the Elman
network is trained according to the delta learning
rule. However, unlike MLP, the Elman network has
an inference layer that receives the output of the
hidden layer and conveys it to the network as an
input. Since the weights of the connection between
the inference layer and the hidden layer have not
changed in the back propagation of the error between the actual output and the network’s output
during training, they are fixed at one [25].
In this study, a large number of trials were performed for each ANN, 10 models with the highest
(coefficient of determination) and lowest performance criterion were identified. All of the three
models consist of three layers, namely an input
layer, a single hidden layer and an output layer. Out
of the eight neurons corresponding to the eight
geographical and meteorological parameters, seven
are located in the input layer, while one neuron,
corresponding to average temperature, lies in the
output layer. Figure 1 shows the MLP network
model for the prediction of average temperatures.

The most commonly used measures of accuracy for the measurement of performance are the
coefficient of determination (R2), MAPE (Mean
Absolute Percentage Error) and MSE (Mean
Squared Error).
where
denotes the actual observation values,
denotes the predicted values and n is the
number of observations [26-30].
"#%$#

"0<>6=< 91  8,6A<4< In the developed
ANN models; purelin, logsig and tansig were studied stepwise for the linear activation function, unipolar sigmoid activation function and tangent hyperbolic activation function, respectively, in an
attempt to find the optimal activation function. A
range of 3 to 25 neurons in the hidden layer was
tried in an effort to find the optimum number of
neurons. Of the data, 80 percent was used for training and 20 percent for testing. The architectural
structure of the ANN used for the prediction of
average temperatures is given in Table 1.
The Levenberg-Marquardt Algorithm was
used as the learning algorithm in the ANN models.
For the three different ANN models, the number of
nodes in the input layer was seven and the number
of hidden layers was one. The number of neurons in
the hidden layer was seven for MLP, eleven for
Cascade and eight for Elman. Many transfer functions were tried in developing the models, and the
optimum transfer functions for the hidden layer
were found to be the “tansig” function in MLP and
the Elman and “logsig” function in Cascade. The
transfer function selected for the output layer was
“purelin”, and the training function selected for the
back propagation network was “trainlm”. The network structure of the three different models is given
in Figure 2.

(4)
(5)
(6)
(7)



$ 
0=@9;5!,;,70=0;<918,6A<0<
Type of Network
Multilayer
Cascade ANN
Perceptron
Learning Algorithm
LevenbergLevenbergMarquardt
Marquardt
Number of Neurons in the Input Layer
7
7
Number of Hidden Layers
1
1
Number of Neurons in the Hidden Layer
3-25
3-25
Number of Neurons in the Output Layer
1
1
Number of Cycles
203
64
Transfer Function for the Hidden Layer
tansig
logsig
Transfer Function for the Output Layer
purelin
purelin
Training Function of the Back Propagatrainlm
trainlm
tion Network
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Elman ANN
LevenbergMarquardt
7
1
3-25
1
70
tansig
purelin
trainlm
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The ANN models developed to predict the average temperatures were subjected to tests after the
training process. The cycle performances of ANN
Models are given in Figure 3.
Figure 3 shows that initially 1000 iterations

were carried out to train the ANN models for the
prediction of average temperatures. Regarding the
cycle performance of the models, the learning process was completed in 203 iterations for MLP, 64
iterations for Cascade, and 70 iterations for Elman.

%" 
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ANN and [7-8-1] for Elman ANN.
Out of the 25 different trials developed to

compare the performances of the models for the
"0<>6=< 91 >6=4:60 480,; "02;0<<498
MLP, Cascade and Elman ANN, the 10 trials with
8,6A<4<Another technique employed in the study
the highest R2 (coefficient of determination) and the
was a multiple linear regression analysis, which was
lowest mean squared error (MSE) and mean absoconducted to predict the average temperatures, and
lute percentage error (MAPE) were selected for the
which provided the results presented in Table 3.
comparison of the performance of the models. The
Table 3 provides the results of the regression
results are presented in Table 2.
analysis for average temperatures. In the average
Table 2 shows the performance of the models
temperature predicted model, the p value of the Fin the ANN analyses. In MLP,
vvalues range
statistic (p<0.01) is significant, and so it was conbetween 0.9990 and 0.9982, MSE values between
cluded that the model containing the independent
0.081 and 0.171, and MAPE values between 2.380
variables was statistically significant. R2 value of
and 2.723 percent. In the Cascade ANN, vvalues
the model was measured as 0.9965. In the multiple
range between 0.9988 and 0.9984, MSE values
regression model, the year, month, minimum tembetween 0.094 and 0.161, and MAPE values beperature and maximum temperature variables were
tween 2.391% and 2.870%. In Elman ANN,
found to be significant, based on a significance
values range between 0.9988 and 0.9981, MSE
level of 0.01. The linear regression model for avervalues between 0.116 and 0.183 and MAPE values
age temperatures is given below.
between 2.586 and 3.331 percent. Accordingly, it

was concluded that the optimal models for the ANN
analyses were model number 1 with architectural

structures [7-7-1] for MLP, [7-11-1] for Cascade
$ 
!0;19;7,8.0919/06<0?069:0/-A8,6A<0<
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$;,8<10;>8.=498
48=304//08,A0;
$,8<42
Logsig
Tansig
Tansig
Logsig
Tansig
Logsig
Tansig
Logsig
Tansig
92<42
Tansig
Logsig
Tansig
Tansig
Tansig
Tansig
Logsig
Tansig
Logsig
$,8<42
Tansig
Tansig
Logsig
Tansig
Tansig
Tansig
Logsig
Logsig
Logsig

;.34=0.=>;,6
#=;>.=>;0
* +
[7-5-1]
[7-14-1]
[7-6-1]
[7-25-1]
[7-19-1]
[7-7-1]
[7-23-1]
[7-14-1]
[7-10-1]
*  +
[7-6-1]
[7-9-1]
[7-10-1]
[7-12-1]
[7-7-1]
[7-5-1]
[7-5-1]
[7-9-1]
[7-4-1]
* +
[7-4-1]
[7-3-1]
[7-4-1]
[7-6-1]
[7-5-1]
[7-7-1]
7-12-1[]
[7-10-1]
[7-9-1]
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0.9988
0.9988
0.9988
0.9987
0.9987
0.9987
0.9987
0.9984
0.9982

0.9988
0.9987
0.9986
0.9986
0.9986
0.9985
0.9985
0.9985
0.9984

0.9987
0.9985
0.9985
0.9984
0.9984
0.9983
0.9982
0.9981
0.9981

 
0.107
0.106
0.108
0.114
0.124
0.121
0.117
0.159
0.171
 
0.116
0.122
0.126
0.128
0.130
0.134
0.138
0.150
0.161
 
0.129
0.136
0.165
0.168
0.162
0.164
0.172
0.179
0.183



0.231
0.244
0.235
0.244
0.260
0.267
0.263
0.310
0.286
 
0.260
0.252
0.248
0.261
0.270
0.292
0.265
0.284
0.297


0.259
0.266
0.293
0.301
0.291
0.300
0.292
0.301
0.318



0.605
0.614
0.436
0.745
0.371
0.749
0.945
0.720
0.544
  
1:172
1.053
0.558
1.061
1.247
1.444
1.034
0.741
1.197


1.233
0.814
1.251
1.528
0.960
0.592
0.741
0.599
0.695

 
0.202
0.177
0.205
0.226
0.,216
0.204
0.219
0.208
0.242
 
0.237
0.206
0.243
0.295
0.218
0.280
0.224
0.271
0.312
 
0.250
0.253
0.248
0.241
0.250
0.227
0.252
0.239
0.367

 
2.394
2.439
2.476
2.495
2.538
2.550
2.630
2.712
2.723
  
2.489
2.569
2.598
2.610
2.682
2.708
2.737
2.738
2.870
 
2.708
2.670
2.837
2.725
2.815
2.755
2.781
2.770
3.331


$
"0<>6=<91=30>6=4?,;4,=0"02;0<<4988,6A<4<19;?0;,20$07:0;,=>;0<
Model

1

Constant
Year
Month
Min. temperature
Max. temperature

Non-standardized Coefficients
Standardized Coefficients
B
Std. Error
Beta
14.873
2.654
-0.007
0.001
-0.013
-0.059
0.006
-0.023
0.600
0.014
0.530
0.427
0.011
0.480
a. Dependent Variable: Ave. temperature

1499

t-statistic
5.605
-5.474
-9.466
41.615
37.578

Level of significance
0.000
0.000
0.000
0.000
0.000
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Table 4 shows that the R2, MSE and MAPE
values of the multiple linear regression model are
0.9965, 0.272 and 3.978 percent, respectively.

$ 
!0;19;7,8.091=309/060?069:0/-A"
"
0.9965

#
0.272


0.297

!
-0.391

#!
1.143

values were below 10 percent. The graphs also
indicate that the models can be used to predict average temperatures [31].



 %# 

!
3.978

The present study employed MLP, Cascade
and Elman networks and a multiple linear regression analysis to predict average temperatures in
Gaziantep. Numerous trials were conducted for the
MLP, Cascade and Elman ANNs, and the models
with the highest R2 value were identified. The performance of the models developed by ANNs and
multiple linear regression analyses was compared.
A comparison of the four different analysis methods
revealed the best method to be MLP, followed by
Cascade, Elman and MLR analyses, respectively.
The R2 values of the models were calculated to be
0.9990 for MLP, 0.9988 for Cascade and Elman,
and 0.9965 for MLR. The MSE (mean squared error) values were calculated to be 0.081 for MLP,
0.094 for Cascade, 0.116 for Elman and 0.272 for
MLR. The MAPE (mean absolute percentage error)
values were found to be 2.380 percent for MLP,
2.391 percent for Cascade, 2.586 percent for Elman
and 3.978 percent for MLR. It was concluded that
the developed MLP ANN model was successful,
and could be used for predicting average temperatures.


97:,;4<98 91 .=>,6 ,8/ !;0/4.=0/ $07
:0;,=>;0 &,6>0< 91 =30 9/06< Figure 4 shows
the comparative graphs of the measured and predicted temperature values of the optimal models
developed through the MLP, Cascade and Elman
ANN analyses and the multiple linear regression
analysis. The graph shows the observed average
temperature values on the x-axis, the predicted
temperature values on the y-axis and the R2 values
of the linear regression for the predicted and actual
temperature values.
In a comparison of the four different analysis
methods, the best method was found to be MLP,
followed by the Cascade, Elman and MLR analyses, respectively. Among the analysis methods,
MLP was found to have the highest R2 value at
0.9990 and the lowest MAPE value at 2.380 percent. Although the R2 values of the Cascade and
Elman ANN analyses were the same at 0.9988, their
MAPE values were 2.391 percent for Cascade and
2.586 percent for Elman. According to Lewis
(1982), all of the models developed to predict average temperatures were “very good”, as their MAPE
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a problem of interest, but it has not been fully evaluated. Alshawabkeh et al. [5] have mentioned that
the problem is interesting since soil deformation
occurs due to dissipation of excess pressure and a
transient, nonlinear advective velocity. Kim et al.
[6] conducted a study to evaluate the effective porosity and seepage velocity in compacted clay liners. Van Impe and Mazzieri et al. [7] stated that all
pollutant transport parameters, in natural or compacted clay, are dependent upon the soil void ratio,
and in consequence, affected by effective stress.
Other authors presented a model coupling osmotic
consolidation and contaminant transport within
compacted clay liners; their formulation is based on
the irreversible thermodynamics approach considering the cation and anion fluxes coupled with the
osmotic induced consolidation [8, 9], which is
based on the approach formulated by Barbour in
1986. Alshawabkeh et al. [10] studied the influence
of clay layer volume change induced by the consolidation effect on one dimensional solute transport,
and proposed an equation which considered soil
consolidation and contaminant diffusion. Zhang et
al. [11] presented an advection diffusion equation
that incorporates saturation, the compressibility of
the pore fluid and longitudinal dispersivity of the
solute transport in an unsaturated, deformable porous medium, and demonstrated that the longitudinal dispersivity and compressibility of the pore
fluid can be significant.
The purpose of this work is to perform parameter sensitivity analysis of contaminant transport in
deformable soil, which was achieved by using a
global sensitivity analysis method- Morris law,
based on the three dimensional numerical model
coupled biot’s consolidation theory and contaminant transport theory, which considered the dynamic change of parameters include porosity, hydraulic
conductivity and hydrodynamic dispersion coefficient.

Soil deformation plays an important impact on
contaminant transport. In order to fully study the
influence of parameters on contaminant transport in
the deformable soil, this paper presented an approach to study how contaminant transport is affected by deformable soil parameters such as porosity, hydraulic conductivity and hydrodynamic dispersion coefficient. Formulation of the mathematical model considers a small landfill as case study,
the soil response is based on biot’s consolidation
theory, while the contaminant transport is simulated
with the solute transport theory in which it is accounted for diffusion, convection and dispersion
contributions. The parameters sensitivity analysis is
approached with the Morris-law method. Obtained
results show that hydraulic conductivity has a significant influence on contaminant transport. Additionally, there are three parameters porosity, adsorption coefficient and longitudinal dispersivity,
which are of major concern in the simulation of
contaminant transport in deformable soil.


)( #$
Biot’s consolidation theory, contaminant transport, deformable soil, sensitivity analysis, Morris law

%# &% 
At present, most published models for contaminant transport have been based on the convection
dispersion theory for solute transport within rigid
porous media [1], and only few studies have considered the influence of soil consolidation as a modifying factor for contaminant transport. Actually,
influence in practical engineering loads effect on
solute transport must be considered [2, 3, 4]. Contaminant transport accounting for soil consolidation
is a very complex process in which the seepage
field, stress field and concentration field interact
with each other. Therefore, identifying the influence of parameters on contaminant transport should
be accounted for simulating the migration mechanism of contaminant in a soil undergoing consolidation.
Contaminant transport in deformable media is

%   )

*:2,*::<47;265:
(1) Soil is under isothermal condition;
(2) Soil layer is saturated, isotropic, homogeneous and the linear elastic body;
(3) Seepage satisfies the Darcy’s law;
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 6=.95250 .8<*;265 6/ 096<5->*;.9
:..7*0.46-.3Groundwater flow is determined as
follows:

(4) Soil particles and pore water are incompressible;
(5) Not consider the background concentration
of contaminants in the soil;
(6) The absorption coefficient is constant in
the consolidation process;
(7) External load is applied instantaneously.

65:632-*;265 *5- ;9*5:769; 46-.3 The
simulation and mathematical model is composed of
fluid-solid coupling model, a contaminant transport
mathematical model, groundwater seepage mathematical model and the dynamic model of parameters.


 ∂
⎧
⎪ = −  = − γ ∂
⎪

⎨


⎛ ∂
⎞

⎪ = −
=−
⎜ +γ ⎟
⎪⎩ 

γ  ⎝ ∂
⎠

Eqs. (1) and (2) are coupled with eq. (3) to
calculate the contaminant concentration of each
point at each calculation step as it varies with
groundwater flow.
?5*42, 46-.3 6/ 7*9*4.;.9:  65325.
*92;? 6/ 7696:2;? *5- 1?-9*<32, ,65-<,;2=2;?
Actually, the fluid-solid coupling problem refers to
the pore pressure dissipation leads to the stress
redistribution deformation of the soil skeleton, as
evidenced as the soil consolidation deformation in a
macroscopic view [2]. Under the assumption that
the premise of biot's consolidation theory, the dynamical of the porosity  can be expressed as
follows:

6=.95250.8<*;2656/,65:632-*;265Assuming that the soil skeleton deformation is linear
elastic and small, the two dimensional biot’s consolidation equation can be expressed as follows
[12]:
⎧
 ∂ ⎛ ∂ ∂ ⎞ ∂
2
+
+
=0
⎪−∇  −
1
2 ∂ ⎜⎝ ∂
−
∂ ⎟⎠ ∂
⎪
⎪⎪
 ∂ ⎛ ∂ ∂ ⎞ ∂
2
+
+
= −γ
⎨−∇  −
−
∂ ⎟⎠ ∂
1
2 ∂ ⎜⎝ ∂
⎪
⎪ ∂ ⎛ ∂ ∂ ⎞  2
⎪ ⎜  +  ⎟+ ∇  = 0
∂ ⎠ γ 
⎩⎪ ∂ ⎝ ∂

=

(1)

3

0 is the initial porosity, ε  is the volumetric strain
⎛ ∂

∂ ⎞

and ε = − ⎜  +  ⎟ .
∂ ⎠
⎝ ∂
65325.*92;?6/1?-96-?5*42,-2:7.9:265
,6.//2,2.5;Contaminant transport within deformable soil is a multi-field coupled problem, which is
the coupling of the stress field, seepage field and
concentration field. Once one of physical fields
changed, the other physical fields will be changed.
In the process of soil deformation, porosity and
hydraulic conductivity will be changed, which
resulting in the variation of hydrodynamic dispersion coefficient. The dynamic expression of the
hydrodynamic dispersion coefficients are expressed
as follows [16, 17]:

∂
 (2)
⎛ ∂ ⎞ ∂
⎜
⎟ − (  ) − (  ) −

∂
⎝ ∂ ⎠ ∂

⎧ ∧
2
2
=
+ α  + 
α

⎪⎪ 



⎨ ∧
2
2


⎪ = α  + α  + 



⎪⎩ 



contaminant concentration,  is
time,  ,  are the diagonal entries in the dispersion tensor,  is porosity,  ,  are the seepage
velocity components,  is the adsorption coefficient,  represents the sources and sinks,  is the
⎡ ρ  ⎤ .
retardation coefficient,
 = ⎢1 +
⎣

(4)

 ⎡ ε ⎤
(5)
 = 0 ⎢1 +  ⎥
1 + ε  ⎣ 0 ⎦
Where 0 is the initial hydraulic conductivity,

 6=.95250 .8<*;265 6/ ,65;*425*5;
;9*5:769; The migration and transformation of
contaminant in groundwater is a process of comprehensive physical, chemical and biological processes, including convection and diffusion, adsorption and desorption, decay and biodegradation process, etc. [13]. Contaminant transport and distribution are controlled by many factors, such as physical and chemical properties of its own, the nature of
the soil etc.
In this paper, the contaminant transport equation with considered the linear adsorption isotherm
model for describing the transport law of porous
media at any time can be expressed as:
∂ ∂ ⎛ ∂ ⎞ ∂
= ⎜  ⎟ +
∂ ∂ ⎝ ∂ ⎠ ∂
Where  is the

0 + ε
1 + ε

The hydraulic conductivity  can be obtained
according to the definition of porosity and the
Kozeny-Carman equation of seepage [14, 15]:

Where  is the shear modulus, ν is the Poisson
ratio,  and  are the displacement components
in and directions,  is the pore water pressure, 
is the hydraulic conductivity, γ is the specific
weight of soil, γ  is the specific weight of water.



(3)

(6)

Where α  , α is longitudinal dispersivity and
transverse dispersivity, respectively,  is the effec∧

∧

tive molecular diffusion coefficient,  ,  are
the principal components of the dispersion tensor.

 ⎥⎦
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52;2*3*5-+6<5-*9?,65-2;265: 69,65
:632-*;265 The initial pore pressure condition:
(7)
 ( ,  ,  )  = 0 = 0 ( ,  )

cates that the parameter value has changed, while a
0 indicates that the parameter value has not
changed, i.e., the first row is the initial vector of the
model parameter. Obviously, there is only one
different parameter value between two adjacent
rows in matrix , whose variable quantity is Δ .
The parameters of these two rows ( row and 
row) are used as model input. After that, the output
of this model  − and  will be obtained. Then the
formula  ' = (  −  − ) / Δ is used to calculate

Where 0 ( ,  ) is the initial pore water pressure in the study area.
 The initial displacement condition:
(8)
( ,  ,  )  = 0 = 0
 Dirichlet boundary condition Γ1 :
 ( ,  )

Γ1

= 

(9)

sensitivity of parameter  (in real computation, the
absolute value is required for easy comparison).
Similarly, adjacent elements of  groups are taken
as input parameters of the model to calculate sensitivities of  parameters.
Referring to local sensitivity analysis [19], relative sensitivity of parameter characterizing parameter sensitivity is defined. The formula is as follows:

Where   is the known pressure of the pore
water on the boundary Γ1 .
Impulse boundary condition Γ 2 :



∂
(10)
Γ = 
∂ 2
Where  is the known unit area discharge on


the boundary Γ2 .

 ' ,  =

69,65;*425*5;;9*5:769; The initial
concentration condition:
(11)
 ( ,  ,  )  = 0 = 0 ( ,  )

(12)

 Cauchy boundary condition Γ 2 :
∂ ⎞ ⎛
∂ ⎞
⎛
⎜   −  ⎟ + ⎜   − 
⎟ =  (   ) (13)
∂ ⎠ ⎝
∂ ⎠
⎝
Where  (  ) is a known function representing the total flux (dispersive and advective)
normal to the boundary Γ 2 .

!925,273. 6/ 7*9*4.;.9 :.5:2;2=2;? *5*3?:2:
Morris’ global sensitivity analysis is a method proposed by Morris [18]. This method investigates
model parameter sensitivity based on global scope.
Its design is based on ‘‘fundamental elements’’
(elementary effect). For a model, there are k parameters, and there are p sampling points for each parameter. Each parameter takes value in the corresponding sampling points, from which the vector
 = {   ,   ...,   } can be obtained. Constructing
0
0
1
1
...
1

0
0
0
1
...
1

...
...
...
...
...
1

0⎤
0 ⎥⎥
0⎥
⎥
0⎥
...⎥
⎥
1 ⎥⎦

−  −,  ) /  −, 
Δ ,  /  , 

(15)



 =

∑

'

 =

, 

(16)




σ =

∑( 
 =

'
, 



−  ' )



(17)

The larger the mean of the parameter , the
higher the parameter sensitivity is. The standard
deviation σ  represents the size of nonlinear effect
of parameter , the degree of interaction between
parameter  and other parameters. If the standard
deviation is smaller, it means that the nonlinear
effect of parameter  is not obvious, or that the
degree of interaction between parameter i and the
other parameters is weaker.
The numerical solution of governing equations
with the related initial and boundary conditions, and
considering the change of porosity, hydraulic conductivity and hydrodynamic dispersion coefficients
were performed by a computer program in
FORTRAN language, which accounted for both
transport and the adsorbing phenomena occurring in
the deformable soil.

 ×    =  +  order matrix :
⎡0
⎢1
⎢
⎢1
=⎢
⎢1
⎢...
⎢
⎢⎣ 1

, 

Where  ' is relative sensitivity of parameter,
,  is the initial vector number  − and  are the
output of model after inputting the corresponding
parameters of -1 row and  row, respectively, in
matrix ,  and Δ are initial values and variable
quantities of input parameters, respectively.
Randomly generating groups initial vectors
of parameters, and repeating the above process,
relative sensitivitiesof parameters are calculated.
Mean and standard deviation of the relative sensitivity of parameter  is as follows:

Where 0 ( ,  ) is the known initial concentration of the study area.
 Dirichlet boundary condition Γ1 :

 (  ) 1 = 1 (  )  > 0 (  ) ∈1

(

(14)

Matrix  has m rows numbered 0-k. Each column represents one parameter. The number 1 indi-
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Displacement: ( ,  ) =0, water head:
 =1.5 m, concentration:  =0
Right boundary: displacement: ( ,  ) = 0 ,

In this work, a small scale simplified landfill
with a depth of 7m and a width of 20m was established to study the influence of soil properties on
the migration of contaminants. The landfill was
surrounded by the cofferdams which have 45degree slope angle. The loads and water pressure
were assumed to apply on the bottom of the landfill,
and the cofferdam and clay liner are the same material (Fig.1).

water head:  = -1.5 m, concentration:  =0
Bottom boundary:
Displacement: ( ,  ) = 0, ( ,  ) = 0 , water
flux:  = 0 , concentration:  =0
And at the bottom of the landfill:
Initial concentration: 0 =3000 mg/ L, loads:

σ ′ =100 kpa, water head:  =8 m
The main parameters of the model are listed in
Table 1.
#$&%$$&$$ 
Since the main input parameters of the calculation model include porosity  , the elastic modulus
, the Poisson ratio ν , the hydraulic conductivity
 , the longitudinal dispersivity  , the transverse
dispersivity  , the adsorption coefficient  .
These seven parameters (k=7) were selected to
analyze sensitivity. The maximal concentration of
vertical direction was taken as an example.
The calculated contaminant concentration in
soil for one year by using variable parameters generated by Morris global sensitivity analysis.
Each parameter randomly varies on ±20%
±10% and 0, respectively, i.e., each parameter is
assigned a value randomly on each of the corresponding five sampling points =5). Seven groups
of initial vectors were chosen randomly for global
sensitivity analysis:
   ν           



&# 
$,1.4*;2,46-.3


$623 7967.9;2.: The parameter values of this
model were given according to previous studies
[20]. The initial porosity and hydraulic conductivity
of soil was set at 0.46, 0.0262 m/d, respectively.
The density of soil particle was 1530 kg/m3, and
Poisson's ratio and the soil elastic modulus was set
at, 0.25, 15.6 MPa, respectively.

65;*425*5;:9.3.=*5; 7*9*4.;.9:The organic pollutants-ammonia was selected as the simulation factor. The initial concentration of the model
was set 3000 mg/L, and the adsorption characteristics of ammonia was described by the linear adsorption mode,  =   .  is the adsorption coefficient. According to the previous research [21], the
diffusion coefficient in the clay was 2.5~3.5×10-6
cm2/s, the typical longitudinal dispersivity  was
set as 0.1~1.0m, and the ratio of transverse to longitudinal dispersity was 0.1~0.3 [22].

52;2*3*5-+6<5-*9?,65-2;265:6/;1.46-
.3Left boundary: 

 ν            
             ν 
         ν     
       ν      
           ν   
     ν        
The calculation results of Morris global sensitivity analysis are shown in Table 2 and Table 3.


% 
!*9*4.;.9=*3<.:6/;1.5<4.92,*346-.3
Parameter

Value

Porosity

Longitudinal
dispersivity

Transverse
dispersivity

Hydraulic
conductivity

Soil
elastic
modulus

Poisson's
ratio

Adsorption
coefficient

Diffusion
coefficient



 (m)

 (m)

 (m/d)

 (MPa)



 (L/mg)

e (m2/s)

0.46

0.1

0.01

0.0262

15.6

0.25

0.8

2.5e-10
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% 
%1.9.:<3;:6/,65,.5;9*;265:.5:2;2=2;2.:*+:63<;.=*3<.:6/;1.9.3*;2=.:.5:2;2=2;2.:  ' 
!*9*4.;.9




1.16381


0.99745


1.74511

52;2*3=.,;695<4+.9

1.56028


0.59722


1.40816


1.16488



86.30230

70.77511

116.25539

90.07892

42.25463

128.74654

83.03869



ν


0.00608
0.27228
2.26170

0.00453
0.25467
1.59820

0.00753
0.17611
1.92589

0.00497
0.25243
1.26887

0.00316
0.21296
1.70405

0.00759
0.23730
0.87508

0.00442
0.14741
1.83315



0.76666

0.58033

1.03178

0.75363

0.25266

0.90401

0.29886



1.81765

1.64524

2.74836

2.45482

2.06335

2.46780

1.67060


% 
.*5*5-:;*5-*9--.=2*;2656/;1.9.3*;2=.:.5:2;2=2;?6/7*9*4.;.9
!*9*4.;.9





ν





%1.,65,.5;9*;265:.5:2;2=2;2.:*+:63<;.=*3<.:6/;1.9.3*;2=.:.5:2;2=2;2.:  ' 

σ

1.23385
1.03617
88.20737
90.98314
0.00544
0.03388
0.22188
0.19908
1.63813
1.61899
0.65542

0.70664

2.12398

1.39811

sumed to be ±20%. The variable quantity of each
parameter is 0, ±10% and ±20%, respectively. The
result of concentration calculated by these variable
parameters is shown in Fig. 2.
From Fig.2 it can be seen that hydraulic conductivity has great impact on contaminant transport
and distribution, and it is a high sensitive parameter
in the overall contaminant mass transport. As it is
shown in Fig.2a), the concentration increased with
hydraulic conductivity increased, this is because the
increase of hydraulic conductivity will cause the
increase of seepage velocity, which accelerates the
transport of contaminant. Fig.2b) shows the variation of concentration with porosity. From the figure
we can see that concentration decreased with porosity increased, which will delay the process of contaminant migration and led to concentration decreased. The adsorption coefficient reflects the
ability of the soil particles to adsorb contaminants.
As it is shown in Fig.2c), the adsorption capacity of
the soil particles increased since the adsorption
coefficient increased, and the process of contaminant transport will be slow due to the retardance
effect caused by adsorption coefficient increased.
Fig.2d) shows the relationship between concentration and longitudinal dispersity. From the figure it
can be seen that concentration decreased with longitudinal dispersity increased. That’s because the
horizontal velocity is greater than the vertical velocity in the double drainage model. Therefore, the
concentration in vertical direction will be lower
with the increasing of longitudinal dispersity.

The mean calculation results show that hydraulic conductivity  , adsorption coefficient  ,
longitudinal dispersivity  and porosity  have
great impacts on the concentration. The influences
of transverse dispersivity  and the Poisson ratio ν on the concentration decrease successively.
The elastic modules of the soil E influence least on
the concentration.
The following conclusions can be drawn from
the calculated results of standard deviation: hydraulic conductivity  , longitudinal dispersivity  ,
adsorption coefficient  and porosity  have relatively larger effects on concentration. This shows
that the nonlinear effect of the corresponding parameter is more obvious, and the degree of interaction with other parameters is relatively strong.
Transverse dispersivity  takes second place. The
elastic modules of the soil E and the Poisson ratio ν are smaller compared with other parameters.
The nonlinear effects of these two parameters are
not obvious, and the degree of interaction with
other parameters is relatively weak.
The comprehensive analysis of the results of
Morris’ global sensitivity analysis shows that hydraulic conductivity  , adsorption coefficient  ,
longitudinal dispersivity  and porosity  have
great impact on concentration, and they are very
important in the simulation of contaminant
transport in deformable soil, so they must be analyzed separately. Each parameter range was as-
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(b)

(c)

(d)
&# 
'*92*;2656/,65,.5;9*;265>2;17*9*4.;.9:,1*50.
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In this study, taking a simplified landfill as
case study, a 2-D numerical model was developed
and implemented in FORTRAN language environment to describe the contaminant transport in deformable soil on the basis of biot's consolidation
and solute transport theory, which considered the
nonlinear change of porosity, hydraulic conductivity and hydrodynamic dispersion coefficient. Then
the parameters sensitivity analysis was conducted
by the numerical model with a global sensitivity
analysis method-Morris law. The obtained results
as follows:
(1) Hydraulic conductivity has a significant influence on concentration in all the parameters of the
model. The influence of the adsorption coefficient
on the concentration took second place. And the
elastic module of the soil E has the least influence
on concentration.
(2) Hydraulic conductivity, the adsorption coefficient, the longitudinal dispersivity and porosity
have relatively larger effects on concentration. The
nonlinear effect of the corresponding parameter is
more obvious, and the degree of interaction with
other parameters is relatively strong.
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actively carried out during the second half of the
20th century. In numerous scientific works the data
of researches on separate types of plants and different aspects of activity of ecosystems in the conditions of technogenic pollution are presented [1-9]
and plant communities [10, 11]. Scientific and practical interest in the subject of remediation is determined by the extent of disturbed land, resulting in
more than 300-year history of the development of
metallurgy and the whole industry in Russia. Research on biological recultivation of territories in the
Urals has a long history. Since the late 50-ies of the
20th century began to actively develop methods of
biological reclamation of disturbed lands, which
were more effective than technical reclamation. In
the following years, institutes of technical and biological profiles have been developed and successfully implemented research and practical projects on
land reclamation in Russia [12-20]. The Urals, with
its developed mining, metallurgical and chemical industries, is one of the research centers for the development of scientific bases for the rehabilitation of
disturbed lands. 
The problem of restoration of biological, ecological and socio-economic value of post-technological landscapes is one of the priority tasks of development of regions and Russia as a whole, necessitates the integration of specialists of natural, technical and humanitarian Sciences. Most of the studies
conducted over the past two decades on the problem
of forest damage by industrial waste were carried out
in local foci of damage. There is very little information about the extent of damage and the spatial
and temporal structure of damage across regions and
different climatic zones. Significant differences in
methodological approaches in the assessment of the
life state of trees and forest ecosystems in General
and the parameters characterizing the process of digression of plant communities, often do not make it
possible to generalize the data obtained by different
researchers. The aim of the work is to develop the
scientific basis for the optimization of post - technological areas and practical recommendations for reforestation on land contaminated with industrial
waste. In the last decade, a number of large industrial
enterprises have significantly reduced emissions.

The purpose of this study is to develop the scientific basis for the optimization of post-technological areas and practical recommendations for reforestation on land contaminated with industrial waste.
The Urals with its most powerful mining, metallurgical and chemical industries is one of the centers of
research on the development of scientific bases for
the rehabilitation of disturbed lands. So, in this study
it was focused on effects of some plant in Ural Region. Objects of research include three types of disturbed lands: 1) Ash dumps of thermal power plants
working on coal - reclamation of the ash dump at
Reftinskaya GRES-Sverdlovsk region, 2) Forest restoration on lands contaminated with industrial waste
- in the zone of action of Satkinsky Combine "Magnesite", 3) Territories contaminated with non-ferrous
metal waste products - sulfur dioxide plus heavy
metals in the "Karabashmed" area, Russia. It was
found that the study of the dynamics of transformation of forest plant communities and the ability of
self-purification of biogeocenoses in the gradient of
pollution in terms of reducing emissions takes a special place in the assessment of the negative impact of
anthropogenic stress on the stability of forest ecosystems.


('!#$
Land disturbance, degraded forest, rehabilitation, contamination, Ural Region.
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Due to the high concentration of industrial production and insufficient waste treatment since the
middle of the last century in the Urals and in some
regions of Russia there was a problem of environmental pollution by man-made emissions. The
world's population now lives in an environment of
man-made landscapes, which are widely used for
recreation and mass short-term tourism, especially in
suburban areas. To explore the impact of air pollutants on the biological systems of different rank were
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mixed during planting in the 1980s. In the laboratory, the actual acidity [22] on the ionometer pH 3.40
was determined. Metals were extracted from soil
with acetate-ammonium buffer solution. Concentrations were determined using the «nov AA 300»
atomic absorption spectrometer (Analitik Jena, Germany). Plant-available organic (easily hydrolyzed)
nitrogen in soil was determined by melodica Tyurin,
I. V. and Kononova, M. M. [23] proposed to judge
the need for nitrogen by the number of hydrolysable
nitrogen’s in 0.5 n H2S04 extract. To determine the
amount of dust deposited on the soil and the pH of
snow water, snow samples were taken in the spring
before the snowmelt. Snow samples were taken in
five replicates. In snow water the concentrations of
elements were measured on an atomic adsorption
spectrophotometer.

There is a need to study the laws of deputation processes in the lesions of plant communities. It was
found that the study of the dynamics of transformation of forest plant communities and the ability of
self-purification of biogeocenoses in the gradient of
pollution in terms of reducing emissions takes a special place in the assessment of the negative impact of
anthropogenic stress on the stability of forest ecosystems. Its importance in forest science is related both
to the purposes of diagnosis and prediction of damage in pollution foci, and to the problem of improving the stability and conservation of forests, as well
as biological reclamation of disturbed lands in industrialized areas.
%#$ %!$

Objects of research include 3 types of disturbed
lands:
1. Ash dumps of thermal power plants operating on coal - reclamation of ash dump of Reftinskaya
GRES experimental landings 1991-1992 (Sverdlovsk region);
2. Reforestation of lands contaminated by industrial waste – in area of Satka the Combine Magnesite experienced landing 1981-1983 (Chelyabinsk
region);
3. Territories contaminated with non-ferrous
metal production waste-sulfur dioxide plus heavy
metals-Permanent test areas in area of the "Karabashmed" (Chelyabinsk region).
Soil samples were selected along the horizons
and laid sections [21], and in the experimental sites
(ES) in the study area of Combine Magnesit, the selection took place in layers, since the horizons were

#$&%$

The processes of transformation of terrestrial
ecosystems under the influence of technogenic influence are best traced against the background of different physical and geographical conditions. The object of the experimental work the ash disposal area
№ 1 at Reftinskaya GRES (currently the branch
“Reftinskaya GRES”, OJSC “Enel OGK-5” has a total area of 440 hectares, including the area subject to
reclamation – 369 ha (Table 1).
%0-=63<4-6.3)5,15/:
• 1992 - 1.3 ha - planting of Scots pine in
trenches filled with a mixture of peat and soil, depth
of trenches 0.25; 0.40 and 0. 65 m.

% 
-5-9)3+0)9)+;-91:;1+:6.-?7-914-5;)33)5,15/:)5,+967:65;0-):0,<476.#-.;15:2)@)#$
(-)96.796
,<+;165
1992
1993
1994

6,-6.796
,<+;165
Hand
Planting
Hand
Planting
Hand
Planting

1996

Sowing

1997

Sowing

1988

Sowing

4-;06,6.79-7)915/;0-:613:<*:;9);-69;0--?7-914-5;
Trenches with a depth of 0.25; 0.95; 0.65m, filled with a mixture of peat and
soil (1:1)
Solid applied to the ash of a mixture of peat and soil (1:1) with a thickness of
0.25; 0.45; 0.65 m
Strip (6 m) and continuous application of soil on ash with drainage layer (experiment) or without it (control)
1.Clean ash,
2.Ash+Compost,
3.Ash+NPK,
4.Ash+Soil,
5.Ash+Soil+Compost,
6.Ash+Soil,
7.Ash+Humus,
8.Ash+Soil+ Humus
a) continuous application of 10 cm layer of soil on the ash,
b) without application of soil, variants of experiment-different doses of bird
droppings: 0.0; 0.2; 0.5; 2.0; 5.0; 10.0; 20.0 kg / m2
a) continuous application of a 10 cm layer of soil to the ash,
b) without application of the soil. Dose of the poultry manure 50 kg/m2
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• 1994 – 1.1 ha of plantations of pine, spruce,
larch and white birch trees on an artificial strip with
a width of 3-4 m and the wide bulk of the strip,
spread a drainage layer (Figure 1).
Planting of forest-forming tree species was carried out on experimental plots (1992-1994) (Figure
2), the area of which was 6.1 hectares. Were planted
Scots pine, birch and fluffy birch, Siberian spruce,
Siberian larch, balsamic poplar.
1. The chosen direction of biological recultivation of large ash dumps-forestry with orientation first

• 1993 - 3.7 ha - planting of Scots pine  
" L. Siberian larch spruce ( $! % 
Ledeb.), birch (  Roth. and 
Ehrh.), as well as balsamic poplar  
     2-year-old seedlings produced in
wide bulk bands, the thickness of which was 0.25;
0.40 and 0.65 m. In addition, these bands were
planted with unrooted cuttings poplar balsamic and
native species of willows  ! L.and 
!  "  Wimm and a collection of wood
decorative and fruit species.
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raising the pH of the soil in the upper root horizons,
as a rule, 2-3 units above background levels at a distance up to 3 km in the direction of the main demolition emissions in the North–East, East (1 km and 3
km) from the Combine Magnesite (Table. 2). At the
same time, soil pH intervals corresponding to successful plant growth for Scots pine are 5.5 – 6.5 unit.
It is known that the alkaline environment in the soil
reduces mobility, and, consequently, the availability
of iron, manganese, phosphorus, cobalt plants. The
content of easily hydrolyzed nitrogen in the root
layer of the soil from 73 to 283 mg / kg of soil, which
is enough for the successful growth of woody plants.
Chemical analysis of snow samples taken at the
end of winter from the Satka district showed that in
snow water the pH in the radius of 3 km was significantly increased compared to the conditional control: pH 10.2 units in the radius of 3 km and рН 6.7
units in 25 km from the source of emissions (Fig.4).
In the snow cover for 6-8 winter months also accumulates a large amount of magnesium to 5359
mg/m2 to 3 km from the source of emissions. The
remaining elements are two orders of magnitude
smaller.
Analysis of the content of exchange cations in
the soil showed a significant increase in the exchange of magnesium, which can cause the formation of Solonets in the soil and adversely affect
plants. The increase in the content of exchange magnesium in relation to calcium up the profile of the
soil, as well as a comparison of this indicator with
the background indicators, indicates the technogenic
nature of this process. In the background natural
soils of the exchange of calcium several times more
than magnesium.

of all on artificial reforestation is quite reasonable as
in this case the corresponding process is accurately
controlled, accelerates and at the same time necessary indicators of quality are reached that is very important in the ecological, economic and social relations.
2. On the territory of the ash dump, in addition
to planting, there remains a certain reserve of selfgrowing areas, which can be effectively used to form
multi-age plantations that are stable in fire and forest
protection relations.
$);2)$6<;0-95 &9)3:The study area in the
city of Satka located in the Central part of the subzone of coniferous-broad-leaved forests and southern taiga coniferous forests forest area (Kolesnikov,
1969) in the Northern part of the southern Urals on
the ridge of the Urals. The ridge of the Ural is represented by different ranges: Taganay – 1143 m (round
hill), Urenga – 1194 m, Sigala – 1286 m, Bitch -1077
m (Geological map of the Urals, 1938). On average,
the ridges reach 500-700 m, their slopes are steep
and short, watersheds are flat-hilly (Figure 3). The
purpose of this work is to study the suitability of soils
for reforestation in conditions of significant reduction of atmospheric emissions.
Production of magnesite in Satka is characterized by large volumes of emissions into the atmosphere of magnesite dust consisting mainly of magnesium oxide, there is also a lot of sodium and potassium, which, when combined with water, forms alkalis. A particularly high level of environmental contamination was observed in 60-e 70-e years of the
last century. This significantly increases the pH of
the soil. Found that the swing from 5.8 to 9.5 unit,

&# 
64*15-)/5-:1;-))5, @-)9-?7-91-5+-,73)5;15/*19+0*15 24
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%0-+65;-5;:6.-?+0)5/-)*3-+);165:)5,76.:61315)9-)6.;0-4)/5-:1;-,<:;
$ 1:;)5+-.964
-41::165:6<9+-
24
ES-2 / 1

ES-5 / 3

ES-3 / 5

ES-4 / 10

$)47315/
,-7;0
+4
0–1
1 – 2.5
2.5 – 9.5
9.5 – 22.5
0 – 1,5
1.5 – 2.5
2.5 – 13
13 – 36
36 – 60
0–4
5–6
6 – 16
16 – 45
45 – 50
50 – 56
56 – 70
0 – 2.5
2.5 – 4
4 – 20
20 – 31
31 – 56
56 – 67
67 – 76

$<4
))5,/ 

)

/

#-3);165
/ )

76.)8<-6<:
-?;9)+;

107.5
37.5
42.5
12.5
72.5
47.5
62.5
137.5
92.5
82.5
67.5
37.5
22.5
52.5
17.5
27.5
50
40
40
30
15
20
27.5

22.5
10
12.5
7.5
15
12.5
17.5
20
25
20
32.5
25
15
17.5
7.5
17.5
25
22.5
15
22.5
10
12.5
20

85
27.5
30
5
57.5
35
45
17.5
67.5
62.5
35
12.5
7.5
35
10
10
25
17.5
25
7.5
5
7.5
7.5

3.8
2.8
2.4
0.7
3.8
2.8
2.6
0.9
2.7
3.1
1.1
0.5
0.5
2.0
1.3
0.6
1.0
0.8
1.7
0.3
0.5
0.6
0.4

9.52
9.31
8.32
7.86
8.87
8.55
8.45
8.63
8.62
7.83
7.78
7.71
8.05
7.66
7.65
7.44
7.25
7.43
7.23
7.80
7.70
7.73
7.85


&#
0-41+)3+6476:1;1656.:56>>);-9;0-+65+-5;9);1656.:<:7-5,-,:631,:))5,+0)5/-1576.
.13;9);-:56>>);-915,1..-9-5;)9-)6.64*15-)/5-:1;-*
The results of chemical analysis of soil samples
showed significant changes in the chemistry of the
soil in the center of pollution, which is to increase
the pH by 2-3 units, the accumulation of exchangeable magnesium and some heavy metals in the soil.
Of heavy metals dominated by iron, then zinc, cobalt, copper. All these changes have a negative

impact on the growth and life of plants, and in the
impact zone lead to the death of forest-forming species. The level of soil contamination characterizes
the cumulative effects of aerial technogenic pollution, since contaminants are sorbed in the soil matrix
complex for over 50 years.
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)9)*):0$6<;0-95&9)3:The study area is
in located the forest zone, in the subzone of pine and
birch forests. Forest cover ranges from 70 to 90 %.
As part of the flora involved a significant number of
steppe species, sometimes forming steppe and various steppe groups. Forest types: green cranberry and
cowberry pine forests, derived from them birch forests. The Karabashmed enterprise is created on basis
of one of the oldest copper enterprises of the UralsKarabash copper-smelting combine since 1910. It is
engaged in processing of the briquetted ore concentrate. The company produces granulated slag, blister
copper - 48 000 tons per year (after reconstruction 80 000 tons / year) and sulfuric acid - 100,000 tons
per year. By 1915, the plant smelted a third of all
copper produced in Russia. As part of the emissions
coming into the environment from the plant Karabashmed present sulfur dioxide, formaldehyde, hydrogen fluoride (data of state reports on the Chelyabinsk region), from the elements - lead, copper, zinc,
arsenic, mercury and other harmful substances. The
impact of chronic aero technogenic influence of the
plant leads to the death or severe damage of green
spaces, while the plantings perform not only important aesthetic functions, but also the functions of
an effective Phyto filter and have a significant positive impact on the environmental situation in urban
and suburban areas. Sulfur dioxide in the air and the
presence of rainy weather (gas is combined with water) contributes to the loss of acid rain and leaf litter
several times in the summer with birch and poplar
planted in the city. Many areas are man-made wasteland. Their appearance is due to both technological
degradation of land and long-term exposure to pollutants coming more than 100 years. The degree of
soil degradation in large areas reaches a maximum
of 4 points-destroyed soils [26].

As a result of our research, it was found that the
growth and condition of larch in polluted magnesite
production is better than that of birch and pine. The
positive influence of lowland peat introduced during
planting of crops as a meliorant was revealed, which
allowed reducing the negative impact of aerotechnogenic emissions of the plant. Accordingly, in area of
heavy pollution, it is possible to create forest crops,
using peat as a meliorant in sufficient quantities (for
example, lowland peat with a layer of at least 12 cm).
The creation of crops in areas of medium and low
pollution is possible from any of the studied species
without the introduction of any special ameliorants
[24, 25].
1. Analysis of the composition of magnesite
raw materials and firing technology showed that the
negative impact on vegetation is caused by pollution
of the surface layer of air and soil, both solid and
gaseous.
2. In area of air pollution changes the chemical
composition of soils and, as a result, significantly increases the pH of the soil solution in the impact zone
– up to 8.5 – 9.0 units. The natural ratio between the
elements in the soil absorbing complex is disturbed
– magnesium dominates among the exchange cations, and calcium dominates in soils outside the pollution zone.
3. An increase in soil pH above 8.5 unit causes
the death of pine and larch. Birch survives only in
the version with peat but is in a depressed state.
4. The study of the level of snow water pollution in the dynamics over the years showed that in
the last 10 years, a decrease in the pH and the overall
level of snow pollution (by the content of suspended
solids) in area of the Combine Magnesite does not
occur. During the 30-year period, the pH of snow
water decreased significantly only 10 km (ES No.4)
from the source of emissions.

&#
96<5,/9)::+6=-91:+6473-;-3@)*:-5; ))5,24*.964;0-73)5;
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In area of 4-5 km from the plant grows tall
birch. There is no renewal (Fig. 5), so there is a need
to create sub-biological cultures. To save the forest
belt we have conducted under the forest canopy
planting works. For two years, we have planted
about 3 thousand tree species for further observation.
Abnormal accumulation of litter was observed in the
study area, which indicates a slowdown in the destruction of plant residues. To confirm this statement, we analyzed the thickness of the forest floor,
which was recorded in the trenches, laid in the
amount of 5 pieces on each sample area. Because of
the study it was found that the thickness of the forest
floor from 10 km to 4 km from the plant increases
from 2.5 cm to 7.5 cm. This indicates a decrease in
the flow rate of the processes of destruction of plant
litter under the action of aero technogenic pollutants
of the copper smelter. Compacted and poorly decomposed vegetation subsidence worsens aeration and
water permeability to the soil. In addition, the decrease in the rate of destruction of plant residues adversely affects the mineral nutrition of vegetation.
The results of our research in the field of CJSC "Karabashmed" showed a change in the values of the actual acidity of the soil as it approaches the source,
there are changes from the average to neutral рН Н2О,
as well as changes in the content of heavy metals in
the approximation of the enterprise, their content increases and exceeds the MPC for lead, zinc and copper, which adversely affects the pine plantations near
the plant "Karabashmed".


$&$$! 

Glazovskaya M. A. attaches great importance
to soils as a component of the landscape, considering
that " the soil is one of the most informative blocks
of landscape-geochemical system, which meet and
interact flows of matter and energy, linking all components of the landscape into a single whole» [27].
At present, technogenic landscapes are distinguished
at the highest taxonomic level. Man-made landscapes include those in which the biological cycle of
elements is largely disrupted, and the determining
type of migration is man - made (social). In further
division of technogenic landscapes into lower taxonomic units the same principles and criteria are used
as in the classification of natural landscapes

emergency oil spills, etc.) and targeted (chemicalization of agriculture).
When translating natural landscapes to manmade, the following main stages are distinguished:
• Accumulation of chemical contaminants to
a critical level.
• Significant changes in the physical and
chemical properties of soils.
• Oppression of vegetation.
• Erosion, deflation.
• Destruction and flushing of soil horizons,
soil degradation.
• Formation of technogenic desert.
Reclamation of soils [28]. System of techniques for restoration and optimization of disturbed
landscapes.
There are about 4.5 million km2 of man-made
landscapes in the world that require radical reclamation [29].
#-+3)4);165 6. 3)5, ,1:;<9*-, *@ 41515/
+)991-,6<;15;09--:;)/-:
• Preparatory stage - inspection of disturbed
areas, preparation of a feasibility study of the reclamation project.
• Mining reclamation-this stage may include
chemical reclamation, excavation and storage of humus layer of soil and non-toxic rocks for subsequent
use; formation and planning of the surface of the
dumps; formation of a potentially fertile root layer.
• Biological reclamation is aimed at restoring
the fertility of the lands prepared in the process of
mining and technical reclamation, turning them into
full-fledged forest or agricultural lands (crops of perennial legumes, lupine, sweet clover, alfalfa followed by plowing, planting of tree species).
In places of distribution of fertile soils and nontoxic overburden conduct agricultural remediation.
Consisting of the following stages: liming, loosening
to a depth of 60 cm, fertilization, sowing of grainbean mixture, the introduction of a special crop rotation with the cultivation of perennial grasses.
Reclamation of ash dumps and sludge fields of
metallurgical other industrial enterprises is conservation and landscaping: the surface of the dumps
covered with 2-3 cm layer of soil or fertile soil, then
sown perennial grasses (alfalfa, melon, rump, hedgehog team, meadow fescue), planted seedlings of
wood (birch, maple, aspen). In reclamation of sludge
fields pre-conduct activities to consolidate the surface (bituminaria, silicification, cementation, use of
polymers, sodium silicate with calcium chloride).

%-+056/-51+3)5,:+)7- Landscape, which is
formed under the influence of intensive anthropogenic impact. Newly emerging man-made landscapes have different resilience and resilience. For
man-made landscapes, man-made by Perelman, migration of elements, these are urban landscapes, territories of industrial enterprises, mining, etc. Manmade impact on the landscape can be spontaneous,
unintended (emergency discharge of pollutants,

#-4-,1);165 6. :613: +65;)415);-, >1;0
0-)=@4-;)3:)5,6;0-97633<;)5;:15=63=-:Classic sources of harmful substances are thermal power
plants; car engines: boilers; ferrous and nonferrous
metallurgy; plants producing cement, mineral fertilizers, and various dyes. Currently, humans produce
more than 7 million chemical compounds and
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value increases, the cation and anion exchange capacity in the soil are negatively affected, and this
leads to nutrient imbalances in the root horizon that
plants can benefit from. In a similar study conducted
in the south-western part of China in the forest of
Masson pine (     Lamb.) in the
Chongqing district, where mining and thermal industrial facilities actively operate, it has been found that
due to the increase in the Ca+ 2 and Mg+ 2 cations the
pH value in the root horizon of the upper soil layers
increases to 7.01-9.02 and that there was a regress in
the Masson pine growing up in acidified forest soils
due to food imbalance [33]. On the other hand, in this
study, it was determined that the combined magnesite level increased 2-3 times depending on the increase in pH value at distances of 1 and 3 km in
northeast and east directions to the source of pollution (Table 2). This situation adversely affects the
anion and cation exchange capacity due to alkalization in the soil, thereby reducing the level of water
and nutrient uptake by plants from the soil. Indeed,
in a survey conducted in the Carpathian Mountains;
it has been determined that the growth limit values
of   Mill.,    L. Karst.and 
"  L. species are considerably reduced and
morphological characteristics (stoma width, leaf
shape, leaf surface width and pollen amount) deteriorate because of the Al, B, Ca, Fe, K, Mg, Mn, N,
Na, P, S, and Zn heavy metal levels increasing due
to pollution in the soil [34]. The size of pollution that
occurs in the air and soil resources differentiates depending on the season. Therefore; in this study, conducted in Satka region, snow samples were taken at
the end of the winter season and these samples were
subjected to chemical analyzes. As a result of the analyzes made; it was determined that the pH value
rose up to 10.2 at 3 km from the pollutant source
compared to the control sample and the pH value remained at 6.7 at 25 km distance from the pollutant
source (Figure 4). In addition, in the analysis of snow
samples taken from all the distances from the pollutant source in 2009, it was determined that the
amount of suspended solids was at the lowest level.
However, it was found that the amount of magnesium rose to 5359 mg per square meter at the end of
the snow covered period which lasted 6-8 months at
3 km distance from the pollutant source and the remaining elements were 2 times less than magnesium
(Figure 4). This increase in the amount of magnesium found at a distance of 3 km from the pollutant
source greatly restricts the choice of species that can
be used in the rehabilitation of degraded forest areas.
In this regard, a survey conducted in the Altai mountains; it was revealed that at the end of the 7-9-month
winter season covered with snow in river and forest
ecosystems, the amount of dissolved organic carbon
decreased due to the power and activity area of the
pollutant source, and consequently the level of diversity in fish and shrub species and the frequency of
their absence in the field decreased [35]. Similar

substances. Every year the range of their production
increases by about a thousand items. A characteristic
feature of man-made landscapes is a violation of the
integrity of the biosphere, up to the complete destruction of soil and vegetation because of human activity, comparable in importance to geological processes. A special place in its negative impact on natural complexes (and on human health) among manmade landscapes is occupied by so-called industrial
dumps. According to the Russian register as of January 1, 2016 [30] the area of disturbed lands
amounted to 1037 thousand hectares, which is 20.8
thousand hectares less compared to the previous
year. According to the statistical data, as of January
1, 2016, the area of disturbed lands in the Sverdlovsk
region amounted to 62.0 thousand hectares in the
Chelyabinsk region 200.4 thousand hectares, while
the largest area of disturbed lands is noted on the
lands of industry and other special purpose, lands of
settlements and lands of the forest Fund [31]. Central
to the assessment of forest life and zoning of the lesion is the question - what are the parameters of
changes in the state of forest plantations within the
existing biogeocenose considered basic? In our opinion, for the forest ecosystem, the critical condition
will be considered when the dynamics of forest stand
digression has become stable, and the death of the
forest stand has gone on the Supreme principle. An
environmental disaster for the forest ecosystem because of the impact of an adverse external factor
should be considered a situation where this system
can no longer be called a forest (the absence of a
closed canopy). Change at the level of subsystems is
considered as critical (qualitative change), and in
system of higher rank and as quantitative. As integral
characteristics evaluation of the vital state of the ecosystem, you can use the dynamics of the state species
of edification. In the forest zone - a forest-forming
species. As a matter of fact, in a study conducted research area; it has been reported that successful afforestation has been carried out with species such as
 " L., !  #  Dylis,
!
 Ledeb and    Roth in the degraded areas because of air polluted and these species provide important contributions to the restoration of the natural ecosystem which was damaged by
air pollution. On the other hand, despite the pollution
in the soil in the research area, the success of natural
regeneration is effected by the stand density and the
occurrence of undergrowth of Scots pine. Soil remediation can positively affect the natural rejuvenation
process. Moreover, seed supplementation can play a
major role in successful natural rejuvenation [24,
25]. The examinations on soil specimens taken from
different depth levels in the research area have revealed that environmental pollution at a high level
occurred especially in the 60s and 70s of the last century. This affected the pH value of the soil considerably and increased the pH value of the soil especially
in the upper root horizon (Table 2). When the soil pH
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results were obtained from another study in which
the effects of air pollution caused by industrial organizations in the Ostrava region in Czech Republic
were examined. According to the results of this research; the increase in the air concentration values of
Mg+ 2, Pb, and Al heavy metals caused the disappearance of many lichen species in the forest ecosystems
in the region in a short time. In addition, it was determined that in the long term, many single and perennial plant species receded from the area, causing
the formation of forest cavities with bare top soil
conditions and that the majority of the seeds used in
the planting works for the purpose of the restoration
of these areas could not germinate. In addition, the
pollutant power of the source causing air pollution
and the width of the field of activity of this source
were determined as the limiting factors of the resulting atmospheric pollution [36]. This leads to significant economic losses both in agricultural areas and
in forest areas, which are the most important natural
resource in the world, and in forest products. However, the costs of the facility and the losses incurred
during the rehabilitation of the forest areas, which
deteriorated due to the environmental pollution, cannot economically be underestimated. In a study conducted in China, the extent of economic damages
caused by air pollution on green vegetation cover
was investigated. According to the results of the
study, it was determined that an expenditure of 239280 USD should be made in order to be able to make
a square meter green area damaged by air pollution
productive again [37].

measures to promote natural regeneration and formation of stands resistant to data conditions.


 !' %$
The work was carried out within the framework
of the state task of the Botanical garden of the Ural
branch of the Russian Academy of Sciences, Russia
and Kastamonu University, Turkey.
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In the centers of industrial waste pollution of
forest ecosystems, it is first necessary to carry out
zoning of the territory depending on the level of anthropogenic load and the degree of damage to forest
vegetation. At the same time, as a rule, there are
three or four zones:
1. The zone of complete destruction of forest
vegetation;
2. The zone of severe damage of complete destruction of forest vegetation.
3. The zone of moderate damage.
4. The zone of low damage.
Regardless of the type of pollution (acid gases
+ heavy metals, acid gases * alkaline ash, etc.) in areas of severe pollution and complete destruction of
stands requires reclamation of disturbed lands, activities associated, as a rule, with the replacement of
toxic soil and the introduction of various improvers.
It is necessary to select the types of resistant to pollution. In the conditions of mixed acid-base type of
pollution, the impact on forest plantations is less severe than in the case of acid + heavy metals. In zones
of moderate and low contamination, the replacement
of soil, as a rule, is not required, and the necessary
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Among the applications that affect some features, especially flowering, in ornamental plants; are
the physical growing environment, nutrient or chemical applications, irrigation, light and temperature regimes and organic-inorganic fertilizer applications.
With these applications the plant, flower quality and
flowering period may change. In this study, effects
of some #!# species (#!# '# $
KB31, T. $ VG47,  #) & LO52, 
$"#& ÖT1 and  %& ÖT16), on some
parameters (plant sprouting rate, flowering start
time, number of leaves, leaf length, leaf width, plant
height, petal length, flower width and stem thickness) of tulip plant (&"$ #  cv. “Golden
Parade”) are investigated under field conditions. The
study was carried out between the years of 20172018 in the Application Garden of the Faculty of Agriculture of Siirt University. At the end of the study,
the differences between the average values obtained
from all the parameters except for the number of
leaves, were found to be statistically important
(p<0.05). The earliest flowering start time is 80.56
days and the maximum leaf number is 4.01 in #
) & LO52 application; application of #!
#'# $ KB31 has the maximum flower width
of 55.66 mm; the highest plant height is 272.21 mm,
the length of the petal is 61.22 mm and the stem
thickness is 7.13 mm are obtained in $"#&
ÖT1 application; while the highest leaf length is
88.58 mm and the leaf width is 44.24 mm and they
are detected in $ VG47 application. In parcels control and %& ÖT16 applications are
conducted, the flowering rate of tulip plants are
found to be lower than other applications.

One of the most important criteria of ornamental plants is that they have aesthetic traits. Flower
quality and flowering period have great value in
landscape design studies as well as in visuality. In
the flower industry, early or late flowering of the
plant is quite significant in terms of market release.
The flowering periods of plants, the time they are
open and their development in this period are controlled by the application of several methods, yet the
market versions and their application in the landscape are presented at the highest level according to
the characteristics of the user and the area in which
they are used. Nutrient supplements, hormones, light
(intensity, light / dark period, type, etc.), temperature
and several chemical applications can be used to interfere with the development and properties of plant
and flower. The tulip is versatile with its characteristics that enable it to be considered a cut flower, a
potted ornamental plant and be used as a design plant
in parks, gardens and landscape arrangements [1].
With 122.717 decares production area, it is one of
the most produced and traded bulbous flowers in the
world [2]. The target to be reached in the cultivation
of tulip bulbs is to have low price, high quantity,
good quality tulip bulbs that can blossom properly
[3].
#!# species are widely distributed all
around the world and can be found in almost all soil
and natural habitats. This fungus can be isolated
from the root surfaces of different plants, decaying
bark, sclerotinia or other production organs of fungi
[4]. Over 90 species of #!# species have
been identified and diagnosed in our day [5, 6]. The
importance of this genus in agriculture exist since
some #!# species have a good antagonistic
ability against plant pathogens such as &$#&
(%& )!%!  and #!%  species. The
antagonistic effect is caused by the production of antifungal metabolites by #!#s, race for food
and space, and different mechanisms like mycoparasitism [7]. Until today, #!# sp has been
used many times among other fungal biological control agents and it has been offered for use in agricultural market as a bio-fertilizer and soil additive. Use
of #!# in agriculture depending on the

(' "#
Flowering, leaf, #!# spp., tulip, (&"$ #
  L.), plant height, plant sprouting
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water and the spore intensity was adjusted to 1x106
spores ml-1 by making a count on a microscope with
haematocytometer (blood counting slide). All the
suspensions were mixed with carboxymethyl cellulose at a rate of 0.05% to increase the adhesion rate,
and three drops per liter Tween 20 was added to ensure an even distribution of the spores in the suspension. In the final stage, the suspensions were mixed
for 15 minutes in order for them to homogenize.

strain used can provide following advantages: a)
Colonization of the plant rhizosphere with biocontrol
agent (rhizosphere competition) in order to deliver
rapid dissemination in microbial equilibrium, b)
Pathogen control with competitive microflora and
several mechanisms, c) Promoting plant health and
root growth [8]. It has been reported that #!
# species have effects on host plants like root
and shoot development, forming resistance to biotic
and abiotic stresses and nutritional change in plants
[9]. It has been stated by various studies that #!
# species stimulate plant development in various plants, including ornamental plants and #)
 & and '# $ have been reported to stimulate
development in cucumber, melon, tulip and cotton
seedlings [10, 11, 12, 13]. Mycorrhizal fungi and
#!##) & have shown to have a positive effect, by mixing with garden substrates, on the
growth and flowering of the ( plant; and
during the cultivation of the garden plants, easing the
different stresses that occur in the plants [14]. In a
study carried out by [15], the application of T#
) & on ! %$ revealed that qualitative and
quantitative characteristics are improved.
This study was conducted between the years
2017 and 2018 in the Application Garden of the Faculty of Agriculture of Siirt University. Effects of
some #!# species (#!# '# $
KB31,  $ VG47,  #) & LO52, 
$"#& ÖT1 and  %& ÖT16) isolated
previously from the soil of different regions in Turkey, on some parameters of tulip plant, especially on
flowering, are investigated (&" $ #  cv.
“Golden Parade”).

#:-8131@):1656.;3*9)5,5:)/6519:7731
+):165 After the tulip bulbs were washed in tap water, their surface sterilization was done by putting
them in 0.5% sodium hypochlorite (NaOCI) for 5
minutes. After 10 minutes in sterile water, they were
left to dry on drying paper for one day. The previously prepared #!# suspensions were applied with a hand sprayer to wet all sides of the bulbs
and then they were planted on the test area after a
delay of one hour.
#64- 0)8)+:-819:1+9 6. :0- !3)5:15/ 8-) 
The study was conducted in December 2017 at the
Application Garden of the Faculty of Agriculture at
Siirt University. The area is located at the coordinates of 37 S 750074.04 E 4206139.37 N and it has
an altitude of 581 meters (Figure 2) [17].

$"#$ #
Tulip bulbs (&"$ #  cv. "Golden Parade") (Figure 1), were procured from a commercial
firm and made ready for planting after the need for
cooling was met. 5 #!# species (#!
#'# $ KB31, $ VG47, #) &
LO52,  $"#& ÖT1 and  %& ÖT16)
that were applied to bulbs were selected from the
collection of isolates from the Phytopathology Laboratory of Siirt University, Faculty of Agriculture.
These isolates were previously isolated from soil in
different regions of Turkey and their diagnosis was
made [16]. Isolates were stored at +4°C in slant agar
tubes containing PDA (Potato Dextrose Agar).
!8-7)8):165 6. 5:)/6519: #;97-591659 
#!# isolates used in the study were developed in potato dextrose agar (PDA) medium for one
week, after that water was added, the it was scraped
with a spatula and passed through the gauze, thus
separating the spores from the medium. The suspension was then prepared by adding enough sterile

%"
4)/-6.:;317 +< A63,-5
!)8),-B;9-,15:0-->7-814-5:).:-89786;:15/
,;815/:0-.36=-815/7-816,
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%" 
6+):1656.:0-->7-814-5:)8-):)2-5.86466/3-)8:0
comparing the averages. Tests were performed at α
= 0.05 importance level [19]. Descriptive statistics in
terms of the traits emphasized; given as average and
standard error.

Some climatic parameters of the growing period in which the study is conducted between the
months December-2017 and May-2018 are shown in
Table 1 and these climatic parameters were taken
from the meteorological station [18].
Soil analysis was conducted in order to determine some physical and chemical properties of the
soil belonging to the experiment area. The results of
analysis for soil samples taken from 0-30 cm depth
are given in Table 2.
The soil of the study area is of slightly alkaline
(basic) character, saltless and very calcareous. Organic matter content that can be taken is low, phosphorus content that can be taken is moderate and the
potassium content that can be taken is very high.

"#%$##%## #

!3)5:#786;:15/"):-9 Sprouting of the
tulip bulbs to which #!# was applied were
recorded weekly and were given proportionally in
Table 3. At the end of 5 weeks, sprouting of all parcels were completed and the difference between the
average values of weekly sprouting rates were not
statistically important. In the first week sprouting began, plots with $ VG47 application had the
lowest value with 19.00% and the plots with '
# $ KB31 application had the highest value with
72.33%. At the end of 5th week, the highest rate of
sprouting to the soil surface was with the average
rate of 96.66% which belongs to #) & LO52
application. This rate was followed respectively by
the applications with control, $"#& ÖT1, 
'# $ KB31,  $ VG47 and  %&
ÖT16; with the averages of %93.66, %93.33,
%91.33 and %85.66, respectively.
Table 4 shows the effects of #!#species on some properties of tulip plants (flowering
start time; leaf count, length and width; plant and
petal length; flower width and stem thickness).


!8-!3)5:15/ !86+-99 )5, !3)5:15/ '6829 
The study was formed with 3 repetitions according
to the “randomized block trial design”. Twelve processed bulbs were planted in each repetition. Plot dimensions, inter and intra row spacing were considered 20 cm; planting depth is considered as 10 cm.
Holes were dug up and tulip bulbs were planted in
them. The trial was conducted with 6 characters, 5
applications and 1 control plots. Natural irrigation
was used with autumn-winter-spring rains. Weed
control was conducted by hand.

#:):19:1+)3 <)3;):1659  The analysis of the
data was done in the SAS 9.1 statistical package program according to randomized block trial design.
LSD multiple comparison test was used for
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!)8)4-:-89
Average of monthly maximum temperature (°C)
Average of monthly minimum temperature (°C)
Average of monthly relative humidity (%)
Average of monthly minimum temperature (°C)
Monthly total precipitation
(mm=kg/m²)

$
314):-,):)6.:0-9:;,?7-816,
-+-4*-8 )5;)8?-*8;)8? )8+0





7813


)?


<-8)/-

17.8

13.4

16.1

26.0

27.1

32.40

22.13

-1.3

-0.9

0.7

4.7

6.4

10.4

3.33

65.2

70.5

67.7

55.9

47.6

58.9

60.97

8.0

5.7

8.2

13.7

16.8

19.8

12.03

48.6

56.4

74.2

47.6

61.6

146.6

72.5



pH
7.34

$ 
#64-70?91+)3)5,+0-41+)37867-8:1-96.:0-9613*-365/15/:6:0-->7-814-5:)8-)
Organic
Available
Available
EC
Lime
Texture
matter
phosphorus
potassium
(dS/m)
(%)
(%)
(%)
(kg/da)
(kg/da)
0.35
17.46
Clay
50.88
1.30
7.05
112.84
Silty
35.44
Sand
13.68


$ 
$0--..-+:6.964-)7731+):165965:0-73)5:9786;:15/8):-6<-8:0-=--29
Sprouting (%) Sprouting (%) Sprouting (%) Sprouting (%) Sprouting (%)
Treatments
1st week
2nd week
3rd week
4th week
5st week
Control
42.66
51.66
63.33
91.00
93.66
'# $ KB31
72.33
75.33
87.33
90.33
93.33
#) & LO52
34.33
48.66
85.33
93.66
96.66
$"#& ÖT1
45.33
53.66
82.00
93.66
93.66
%& ÖT16
47.00
61.00
80.00
82.66
85.66
$ VG47
19.00
36.00
83.33
88.66
91.33

$
$0--..-+:96.)7731+):165965964-7867-8:1-96.:;31773)5:9
Application
Control
KB31
LO52
ÖT1
ÖT16
VG47
Significance
level

Flowering
start time
(day)
84.45 ab
82.01 ab
80.56 b
83.95 ab
84.39 ab
84.82 a
p<0.05

3.95 a
3.56 a
4.01 a
3.85 a
3.65 a
3.68 a

Leaf
length
(mm)
87.92 ab
80.82 c
86.34 ab
82.94 bc
85.08 abc
88.58 a

Leaf
width
(mm)
41.28 b
41.94 b
43.04 ab
41.33 b
41.86 b
44.24 a

Plant
length
(mm)
230.92 b
226.98 b
209.81 b
275.21 a
234.34 b
242.45 b

Petal
length
(mm)
52.16 b
52.27 b
54.48 b
61.22 a
53.31 b
55.75 b

Flower
width
(mm)
51.40 ab
55.66 a
52.28 ab
48.60 bc
50.88 b
46.84 c

Stem
thickness
(mm)
6.43 bc
6.16 c
6.64 abc
7.13 a
6.33 bc
6.81 ab

insignificant

p<0.05

p<0.05

p<0.05

p<0.05

p<0.05

p<0.05

Leaf
number

*Means followed by the same letter in the line indicate no statistical difference at 5% level

to be early whereas $ VG47 causes it to be
late (Table 4, Figure 3a).

-).;4*-8 The effect of #!#species applied, on the leaf number of tulip plants was
found to be statistically insignificant (Table 4). The
highest average value for the number of leaves was

36=-815/#:)8:$14-6.$;317)? The effect of #!# on the flowering start time of
tulip plants was found to be statistically significant
(p <0.05) (Table 4). If a comparison is done on the
flowering demand being early or late, it is seen that
#) & LO52 application causes the flowering
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4.01 and obtained with #) & LO52 application, this value was followed by 3.95 detected in the
control plots. As a characteristic aspect of the plant,
it is seen that the leaf number is not changed with the
#!# applications in a statistically significant way (Figure 3b).

ÖT1 application and on the contrary, the lowest stem
thickness value detected is 6.16 with '# $ KB31
application (Figure 3h)
The importance of ornamental plants is increasing with the effects of landscaping. The development
of the qualitative and quantitative features of these
plants is significant for the market. Various methods
are utilized for this purpose. Some of these methods
can be listed as external application of plant growth
regulators, planting in different time periods and different training methods. During the recent years, it
has become important to investigate the interactions
of the plant with non-pathogenic living microorganisms by putting them together and to research about
the effects of these interactions on the qualitative and
quantitative properties of the plant. One of the most
important of these microorganisms is #!#
spp. It is reported that #!# spp. suppresses
plant pathogens, promotes root and shoot growth by
interacting with host plant and causes a change in nutrient intake [8, 9, 20, 21]. Thus, causing change by
effecting the morphologic aspects of the plant (plant
length, body thickness, flowering count etc.).
Tulip is an important ornamental plant and numerous parameters of it were investigated in this
study. These parameters are the rate of plant sprouting rate (%), the flowering start time (days), leaf
count (total), leaf length (mm), leaf width (mm),
plant height (mm), petal length (mm), flower width
(mm) and stem thickness (mm). It is detected that
#!# applications on these parameters of the
plant, show different effects according to species. It
is seen that the  #) & LO52 application
causes flowering earlier than other applications. The
highest leaf length and width on the other hand, are
obtained with the  $ VG47 application.
Again, the application of $"#& ÖT1 is observed to be more effective at plant height, which is
one of the important quantitative characters of tulip.
$"#& ÖT1 is found out to be more effective
on plant height, stem thickness and petal length
while '# $ KB31 has a more positive effect on
the flower width. There is not any statistically significant difference between the leaf sprouting rate and
leaf count. There are not any studies detected which
compare the effects of more than one species on the
different parameters of tulip or other cut flower
plants.
Majority of the studies were conducted by using  #) & alone or with some plant-based
materials. In these studies, the effects of  #)
 & on the some of the quality and quantity characteristics of tulip, gladioli and hyacinth (body
length, body diameter, bud diameter, petal length,
bulb perimeter length and number of bulbs) are investigated. In application with enhanced effects as a
result of using 100% and 50% botanical peat,

-).-5/:044 The effect of applications
on the leaf length of tulip plants was accepted to be
statistically significant (p <0.05) (Table 4). While
the highest leaf length (88.58 mm) in obtained with
$ VG47 application, the lowest value (80.82
mm) is obtained in '# $ KB31 application (Figure 3c).
-).'1,:044 The effect of #!#
applications on leaf width of tulip plants was found
to be statistically significant (p <0.05) (Table 4).
While the highest leaf width (44.24 mm) is obtained
in the $VG47 application, the lowest value
(41.28 mm) was detected in control plots. It is obvious that  $ VG47 isolate is effective on the
vegetative component of the tulip. The  $
VG47 fungus has a positive effect on the leaf length
and width (Figure 3d).
!3)5: -5/:0 44  The effect of #!
# applications on the length of the tulip plant
was found to be statistically significant (p <0.05)
(Table 4). The highest and lowest average values for
plant height were respectively 275.21 mm and
209.81 mm and were obtained in $"#& ÖT1
and #) & LO52 applications (Figure 3e).

!-:)3 -5/:0 44  The effect of #!
# isolates on the petal length of tulip plants was
found to be statistically significant (p <0.05) (Table
4). $"#& ÖT1 application had a positive effect on the length of the petal just as it had on the
plant height. As a result of this application, the longest petal obtained has a length of 61.22 mm. the lowest petal length on the other hand is detected in control plots with 52.16 mm (Figure 3f).

36=-8 '1,:0 44  The effect of #!
# applications on the flower width of tulip
plants is found to be statistically significant (p <0.05)
(Table 4). The highest average value detected for the
flower width is 55.66 mm with '# $ KB31; the
lowest value detected is seen in $ VG47 applications with 46.84 mm (Figure 3g).
#:-4 $01+25-99 44 The effect of #!
# spp. applications on the stem of tulip plants is
found to be statistically significant (p <0.05) (Table
4). The highest average value obtained for stem
thickness is 7.13 mm as a result of  $"#&
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that #!# had a beneficial effect on plant
growth and flowering criteria [29]. #!#had
a significant effect on spike length and flowering
time, while it did not have a significant effect on
spike formation, first floret opening and floret number per spike on eight !&$ cultivars [30].
#!#application assists in the uptake of micronutrient elements and provides the necessary
growth agents that provide early flowering [31].
It can be seen from the results of our study that
some #!#species have a positive effect on
the qualitative and quantitative characteristics of tulip plants. #!# has different effects on the
plant parameters according to its type. The reason for
this is thought to be the differences among the antibiotic production, enzymatic activities, hormones
and formed metabolites of these species. It is also reported that #!#'s chemical compounds
formed according to its species can be different [32,
33, 34, 35].
It is reported that#!# species colonize
and continue their activity throughout the production
season on different organs of the plants (tubers, roots
and stolons) [9, 36, 37, 38]. After the study is evaluated, tulip bulbs are taken from the applied plots and
planted on PDA medium. #!# species are
again isolated from plant tissues. This indicates that
the antagonists are settled in the tissue and continue
their activity.


positive effects are seen on the body length and diameter, bud diameter and petal length. Especially in
the tulip, it is observed that the flower quality traits
are increased, and the early maturation of newly
formed flower bulbs are reduced [14, 15, 22].
In a study,  #) & strain Bi that could
stimulate both early stages of growth (flower bud
formation in immature bulblets) and late stages of
growth (stem, petal and mature bulb properties) in
tulips [23].
It has been reported that  $"#& 2046
isolate can be used as an innovative inoculant for ornamental plants as the bioactive component of a new
biopesticide and/or biofertilizer. Some #!#
isolates had a higher effect on the higher stem, a significant increase of number of leaf and higher germination rate in ! & &"#$$&$ and 
plants [24]. According the researchers, the interesting antagonistic performance of  $"#&
T2046, coupled with the ability to endophytically
colonize roots and to stimulate growth of plant host,
allow us to consider this #!# isolate as a
good candidate for bioactive ingredients for innovative substrate to be employed for germination and
growing of ornamental plants [24].
#!# #) & + vermicompost application was effective on the maximum number of
sprouts and leaves per plant; #) &+ $&
! $ &!#$ $ + &$ $&%$ + vermicompost application was effective on the highest
leaf length, plant height, spike length and duration of
flowering;  #) &   $&%$ application
was effective on the early coloration and floret opening [25]. As shown in the study, each application
with inoculation of #!#isolates had a positive effect on different parameters of gladioli together with the substrates in which it was involved.
Leaf number and area of ! &were higher
in trichoderma applications than control but dry
weight was low. On the height of &"#$$&$ plant
was higher with #!#than control while the
plant height and number of leaves of the 
plant were higher than in the control [26].
In greenhouse conditions and on "%"(&
sp., #!#and Fe spray application was found
to have growth and developme nt potential [27]. Biofertifiers, such as #!# promote plant
growth by helping to uptaking micronutrient elements. This can result in early flowering.
In a study, #!#'s 40 g / m2 application
yielded the earliest spikes emergence, the highes t
diameter of florets and the most open florets in the
harvest period of ! %$%&#!$var. Shringar.
In addition to these values, it had been seen that some
of the criteria have yielded below the other applications [28].
!&$reached the maximum leaf width and
plant height in 60 days with #!# #!
#caused maximum rachis length and longevity
of 5th floret. At the end of the study, it was conclude


 %# #
When the results of all the parameters of
#!# in tulip plants are reviewed together, it
is seen that the flowering in the control plots starts
with a delay of four days with $ VG47 application as opposed to #) & LO52 application.
The lowest plant height is also observed in #)
 & LO52. Even though #) & LO52 seems
to be ineffective on flowering start time and plant
length compared to other applications, the highest
leaf count is obtained with this application. The minimum average values for the leaf width and petal
length are observed in the control plots. #!#
applications have a positive effect on these two attributes. The effect of '# $ KB31 application on
the leaf count, leaf length and the thickness of the
stems are the lowest compared to other applications.
The facts that its values are below the average values
of control plots may also be an indication to its ineffectiveness. $"#& ÖT1 application is the one
with highest efficiency in terms of plant length, petal
length and stem thickness. Even though this application does not have the highest average values in other
properties, it is ranked as one of the highest statistically and has a positive effect on the tulips. $
VG47 application showed the highest effect on leaf
length and width. However, it has the lowest values
in flower width.
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microelement concentrations and increased
growth of cucumber plants. Plant Soil. 235, 235242.
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As a result, this study conducted in the ecological conditions of Siirt province shows that #!
# species that affect the development and flowering of &"$ #  L ‘Golden Parade’ at different rates. The same species of #!# has
also affected various attributes of the plant. '# $
KB31, #) & LO52 and $ VG47 species have a lower performance under control plots,
becoming less effective and yet they show the highest efficiency in some parameters.
As an outcome of the application of #!
# species, differences in the quantity and quality specifications of tulip plants are seen. This shows
that some of the antagonists interact with the plant
and some of their mechanisms are functioning. As a
result of this, it can be suggested that #!#
species can be applied according to the parameters
of tulip plant which is wished to be increased. In this
study, suspensions prepared from each #!
species are utilized by being sprayed on tulip bulbs.
In some previous studies, #!# were used by
infecting them on rotten plant materials or peats and
then it was observed that the qualitative and quantitative properties of ornamental plants were well developed [14, 22] It is stated that if one of the most
effective #!# species of this study (for example $"#& ÖT1) is used after being mixed
with a suitable material, it would increase the qualitative and quantitative characteristics of the plant.
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In this study, bioinformatics analysis of stilbene synthase proteins found in some  species
were carried out employing bioinformatics tools. In
the present study, stilbene synthase protein sequences belonging to some  species were retrieved from NCBI in FASTA format. In bioinformatics analyses, amino acid number, molecular
weight, instability index and GRAVY values were
calculated with the Expasy/Protparam program.
Phylogenetic analyses were conducted and genetic
distance matrix was obtained via MEGA 6.0 program using protein sequences. The 3D structure of
stilbene synthase proteins was achieved by means
of the PyMOL program. At the end of the study, it
was found that the amino acid number of stilbene
synthase proteins ranged between 392 and 399,
molecular weight ranged between 42716.26 and
43791.55 Da, instability index ranged between
35.02 and 42.36 and GRAVY values ranged between -0.073 and -0.022. While Leu (10.46%) was
the amino acid maximally found in stilbene synthase proteins on average, the amino acid at the
minimum rate was found to be Trp (1.34%). In
phylogenetic analyses performed using protein
sequences, neighbours joining (NJ) tree consisted
of 2 large clads. In the distance matrix, the lowest
distance was found between   and 
   with 0.013, and the highest distance
was found between      and 
  with 0.096. As a result, bioinformatics,
phylogenetic and 3D protein analyses of some plant
species carried out using stilbene synthase proteins
will guide future bioinformatics and in silico studies.



consist of approximately 14 genera and about 900
species primarily distributed in tropical regions in
Asia, Africa, Australia, the neotropics, and the
Pacific islands, with a few genera in temperate
regions [2].  is a woody dioecious genus in the
family Vitaceae [3]. Grape is an anti-carcinogenic,
anti-obese and anti-aging, anti-diabetic, and immune and nervous system-boosting and joint disorders-fighting food while protecting the body against
infections with the substances it contains [4].
Grapes, as well as vitamins, protein, carbohydrates,
and minerals, contain flavonoids, proanthocyanidins, and anthocyanidins in addition to anthocyanin, flavanols, flavonols, phenolic acid, caffeic
acid, catechin, quercetin, and resveratrol, which are
of utmost significance for health [5,6]. Flavonoids
and stilbenes are important secondary metabolites
in plants [7]. Stilbenes is one of the important
members of the phytoalexin group of secondary
metabolites, produced in grapevines with numerous
metabolic properties [8]. Resveratrol (3,4’5trihydroxystilbene), which is a subgroup of stilbenes, is a polyphenolic compound found in grapes,
wine, peanuts and blueberries [9]. Resveratrol is
synthesized from the phenylalanine of plants
through a few steps. Cinnamic acid is formed at the
end of the deamination by phenylalanine amine
lyase enzyme. This compound is transformed into
4-coumaric acid by cinnamate 4-hydroxylase. Co-A
ester is formed with 4-coumarate. This ester is CoA
ligase. 4-coumaroyl Co-A is transformed into
resveratrol by 3 malonyl Co-A stilbene synthase
enzyme [10, 11]. Stilbene synthase (EC 2.3.1.95)
belongs to the type III group of the polyketide synthase enzyme super family which converts one
molecule of p-coumaroyl-CoA and three molecules
of malonyl-CoA into 3,4’,5trihydroxystilbene or
resveratrol. This enzyme is a dimer with a molecular weight 90 kDa having an iso-electric point (pI)
of 4.8 [8].
In this study, Stilbene synthase was analysed
in medical plant some  species with respect to
physicochemical, phylogenetic and 3D structure
properties utilizing bioinformatic tools.


'&!"
Stilbene synthase, , phylogenetics, bioinformatic:
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Vitaceae family comprise woody climbers,
vines, trees, shrubs and succulent’s trees which are
important food sources. Commercially, Vitaceae
family are valuable raw materials for the production
of wine, medicine and perfumery [1]. This family,
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Stilbene synthase protein sequences of 
species were obtained from NCBI in FASTA format. The physiochemical properties of Stilbene
synthase proteins were identified by Expasy / protram. [12]. Putative phosphorylation sites of the
stilbene synthase proteins were detected by
NetPhos 2.0 and NetPhos 3.1 [13]. MEGA 6.0
program was used to conduct phylogenetic analyses
and genetic distance matrix by using protein sequences [14]. Conserved protein motifs were analyzed using a protein BLAST in MEME [15]. Finally, 3D comparative analyzes were performed using
PyMOL.

#@9
2
1
2
1
2
2
2

#6;(3
13
19
15
17
14
16
13

rapidly introduced for the identification and characterization of Proteins and coded nucleotide acid
sequences. Physicochemical properties and biological functions of proteins can be studied by means of
bioinformatics methods efficiently [16].The physicochemical analysis of the stilbene synthase proteins were performed using ExPASy / Protparam
and results were shown in Table 1. At the end of the
study, it was found that the amino acid number of
stilbene synthase proteins ranged between 392 and
399, molecular weight ranged between 42716.26
and 43791.55 Da, instability index ranged between
35.02 and 42.36 and GRAVY values ranged between -0.073 and -0.022 (Table 1). While Leu
(10.46%) was the amino acid maximally found in
stilbene synthase proteins on average, the amino
acid at the minimum rate was found to be Trp
(1.34%) (Figure 1). The putative phosphorylation
sites were determined using the NetPhos 2.0 and
NetPhos 3.1 server based on a score above 0.8
(Table 2). The most abundant phosphorylation site
is Serine residues in stilbene synthase proteins. The
most putative phosphorylation was detected in 
     (Figure 2). Stilbene synthase protein sequences from seven  species were used

!"$#""$""
Bioinformatics is a science that utilizes data
based on mathematics and computer science to
understand biology. In post- genome age research,
the structures and functions of proteins are the focal
points of molecular biology, and today various
computing software and online servers have been

1532

%$

" &      





 " #!"!



$! 
";03),5,:@5;/(:,796;,0505      +,;,9405,+)@(:*69,()6=,(;/9,:/6<3+6- 

$! 
/@36.,5,;0*;9,,6-  ::7:;03),5,:@5;/(:,796;,05:*65:;9<*;,+<:05.;/,5,0./)6<9:160505.

# 
(09>0:,+0:;(5*,(465.  :7,*0,:-69:;03),5,:@5;/(:,796;,05:
"7,*0,:
 
    
 
 
  

 
Data were generated using MEGA 6.0.


0,080
0,039
0,063
0,013
0,021
0,042


0,088
0,036
0,071
0,082
0,096



in phylogenetic analysis. According to the results,
two clades were observed in the phylogenetic tree
by using neighbours joining method with MEGA
6.0 (Figure 3). A phylogenetic analysis was performed with the stilbene synthase protein sequences
which were found to comprise two main clades.
Clade 1 consists of two groups. Group A consists of
     and    
with a 61% bootstrap support (Figure 3). Group B
consist of   and  
and this group received 57% bootstrap value. Clade
2 consist of       and 
 with a 100% bootstrap value. Previously
studies, Random amplified polymorphic DNA


0,074
0,031
0,039
0,050


0,055
0,060
0,080


0,018
0,034


0,044


-

(RAPD) [17, 18], Inter-Simple Sequence Repeat
Polymorphic DNA (ISSR) [19, 20], simple sequence repeat (SSR) and amplified fragment length
polymorphism (AFLP) [3], noncoding plastid C N, H-A, L-F [21] molecular markers
were used in studies on the genetic diversity and
phylogenetic analyses of  species. Pairwise
distances method based on  species stilbene
synthase proteins sequences set was performed with
MEGA 6.0 In the distance matrix, the lowest distance was found between    and 
   with 0.013, and the highest distance
was found between      and 
 with0.096 (Table 3). A total of five con-

1533

%$

" &      





 " #!"!


residues were found at 7.8% on average. Figure 5
presents the 3-D structure of Gly residues of 
  stilbene synthase protein. At the same time,
in our study Phe-Cys residues were detected. The
peptide was present in RuBisCO LSU derived from
various photosynthesising plant-based foods and
edible microalgae, and was predicted to be bioactive; the two amino acid residues, Phe and Cys can
make the peptide an antioxidant [23]. In our study,
Phe129-Cys130 dipeptide was also detected (Figure
6).

served motifs were detected in stilbene synthase
protein sequences (Figure 4 and Table 4). All 
species include Motif 1, 2, 3, 4 and 5. The threedimensional structure of the stilbene synthase proteins were constructed using the PyMOL program.
Gly residue is unique among amino acids in that all
side chains are hydrogen atoms. Conformation has
more freedom, so that it can provide flexibility for
adjacent residues. Therefore, it is not surprising that
Gly plays a special role in the structure and function of the enzyme [22]. In the present study, Gly
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To conclude, this study will shed light to further bioinformatic-based studies to be conducted
with 3D analyses of in silico, phylogenetic and
proteins by using stilbene synthase protein sequences of species with bioinformatic tools.
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of shrimp results from enzymatic breakdown based
on oxygen and light exposure. Melanosis is triggered
by a biochemical activity that induces oxidation of
phenols to quinones by polyphenol oxidase, followed by non-enzymatic polymerization of quinones, which is physically manifested by accumulation of dark pigments with high molecular weight.
Melanosis (Blak spot) affects consumer acceptability and reduces the market value of the product despite the non-deleteriousness of the condition itself
[1]. In addition to black discoloration, rapid changes
occur in color and appearance as well as in odor of
the product due to bacterial activity during storage.
Crustaceans are more susceptible to spoilage in comparison to fish because of the higher free amino acid
contents in their flesh [2]. Moreover, alkaline property and high water activity of shrimp meat contribute to microbial growth [3]. And shrimps are prone
to fat oxidation during storage (particularly frozen
storage) due to high concentrations of polyunsaturated fatty acids in their lipids despite their low-fat
meat. Oxidation results in physicochemical changes
such as the bitter taste in shrimp meat [4].
Shrimps should be immediately processed or
efficiently stored after harvesting so as to maintain
the nutritional value, slow down or arrest the microbial growth and thus extend the shelf life of the product. Melanosis inhibitors are used in practice in order
to prevent the black discoloration of shrimps. Sulphites and their derivates (especially sodium metabisulphite) are widely applied polyphenol oxidase
(PPO) inhibitors. Nevertheless, it has been claimed
that these agents might have caused certain health
problems in consumers, including allergic reactions.
On the other hand, unconscious use of these substances which were actually approved to be used
within permissible limits may result in life-threatening high level residues [5]. Alternatively, miscellaneous substances such as 4-hexylresorcinol, ascorbic
acid, kojic acid, ficin, citric acid, dodecyl gallate, oxalic acid, grape seed extract and ferulic acid were
used for the same purpose; however certain disadvantages of each were addressed despite that the results obtained were mostly favorable [6, 7, 8, 9, 10].
Although melanosis can be retarded by instant freezing of shrimps, discoloration was reported to have
advanced after thawing of the product [11].

In the study, effect of ethyl pyruvate (EP),
which has more likely been the topic of medical research, on certain characteristics of shrimps was investigated with EP being applied in the vapor-phase
as an alternative antimicrobial agent. For this purpose, freshly supplied shrimps were allocated into
five groups. The first group was treated with sodium
metabisulphite (Na2S2O5) within permissible limits
while the other groups were processed with 42, 105,
260 and 420 mg/L of EP, respectively. Then the
shrimps were stored in a refrigerator for five days
and daily exposed to microbiological (total aerobic
mesophilic bacterial count, total psychrophilic bacterial count and   count) and physicochemical (pH, water activity, total volatile basic
nitrogen, trimethyl amine) analyses. Sensory analyses were carried out on the first and second days of
the storage. While high concentration of EP was
found to be effective on inhibiting microbial growth,
its low concentrations rather aided in maintenance of
physicochemical parameters at desired levels. Sensory panel revealed a spicy, palatable flavor in the
shrimps treated with medium level concentration
(105 mg/L) of EP. It was concluded that EP might
have been used as an alternative microbiologic agent
in the refrigerated storage of shrimps; however further studies should be carried out on the subject.
&% !
Ethyl pyruvate, Shrimp, Refrigerated storage, Microbial
quality, Chemical quality.
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Shrimps rank among the most perishable food
products despite their high nutritional value.
Shrimps enter an extremely fast decaying process
immediately after being caught, due to both bacterial
(putrefaction) and enzymatic (autolysis) activity.
Black discoloration of the flesh that occurs right after harvesting is one of the main problems in shrimp
trade. The darkening referred to as “Melanosis” or
“Black spot” which substantially impairs the quality
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approximate weight of 250 g were transferred into 1Liter plastic jars (Bora Plastic, Istanbul, Turkey).
The remaining samples were allocated into 4 groups
and placed into 1-Liter plastic jars (each containing
250 g shrimps) individually fastened with an absorbent paper. Method of EP (98% purity; Sigma Aldrich, St. Louis, MO) application was slightly modified from the study of Durak et al. [15]. After the
fastened absorbent papers were soaked with evaporated EP at different concentrations of 105, 260, 500
and 1040 µL (equivalent to 42, 105, 260 and 420
mg/Liter air) by automated pipetting, the lids of the
jars were thoroughly closed and then the jars were
stored in a refrigerator at +4oC for 5 days. 

Therefore, it is evident that alternative methods
should be sought in an attempt to inhibit melanosis
and thus improve the shelf life of shrimps.
The use of additives is fairly common in order
to prevent or delay undesirable changes in food products. Antimicrobial agents and antioxidants are
widely utilized for this purpose. Nevertheless, consumers have a tendency to avoid synthetic additives,
which consequently urges the researchers to develop
novel preservatives or methods. EP, as one of the
novel substances, ranks among the volatile antimicrobial agents and is a more reliable and stable lipophilic pyruvate derivative than is pyruvate. It exerts
anti-inflammatory and antioxidative properties.
Having been currently known as a therapeutic agent,
EP is utilized as a novel food additive and flavoring
in food industry, as well. EP application is a nonthermal technology which has emerged so as to reduce microbial load on the surfaces of fresh and processed food products. Since EP is volatile, it can penetrate most inaccessible spots where microorganisms
can hide [12, 13]. EP exhibits antimicrobial properties against drug- resistant potentially pathogenic
agents (bacteria, fungi, mold and parasites with clinical significance) while avoid targeting symbiotic
microorganisms such as    spp. [14]. EP
was listed in the category of “generally recognized
as safe” (GRAS) by U.S. Food and Drug Administration (FDA). Although antimicrobial effects of EP on
miscellaneous fresh food products were investigated
[13, 15, 16], possible beneficial effects of the substance on seafoods have not been studied yet.
The present study was conducted with the aim
of investigating the effect of EP during the process
of refrigerated storage (+4oC) on the quality and
shelf life of deep water rose shrimp (   
), being hunted in Turkey. Also within
the scope of the study, the effect of EP was compared
with that of sodium metabisulphite, currently used in
fishing industry against melanotic blackening.

2'0;6+6Microbiologic and physicochemical
analyses were conducted daily during the whole experimental period of 5 days and sensory evaluations
were performed only on the first and second days.
/)53(/303-/)2'0;6+6"37'0'+53(/)1+63
4./0/) (')7+5/'0 )3827 Total aerobic mesophilic
bacterial count was determined on Plate Count Agar
(Merck 1.05463). For this purpose, petri dishes were
inoculated with appropriate dilutions of the specimen by Pour-plate Method and then incubated at
35oC for 48 h. All colonies that grew after incubation
were counted and the data were recorded as log
CFU/g [17].

"37'0 46;).534./0/) (')7+5/'0 )3827 Plate
Count Agar (Merck 1.05463) was used to estimate
total psychrophilic bacterial count. Petri dishes were
initially inoculated with appropriate dilutions of the
specimen by Pour-plate Method and then incubated
at 70oC for 10 days. All colonies that grew after incubation were counted and the data were recorded as
log CFU/g [18].
 644 )3827 CFC Supplement
(Merck, 1.07627) added to Pseudomonas Agar
(Merck, 1.07620base was applied as the medium to
determine   spp. count. Spread-plate
Method was utilized for inoculation and the plates
were incubated at250°C for 48h. Randomly selected
5 colonies from each plate were exposed to oxidase
test and oxidase positive colonies were recorded as
 spp. [19, 20].

.;6/)3).+1/)'02'0;6+6+7+51/2'7/323,
"37'0 $30'7/0+ '6/) /753-+2 "$ The
method employed was Steam distillation Method
proposed by Manthey and Oehlensclaeger [21]. Initially, 10 g of the homogenate prepared from shrimps
with the shells removed was heated with steam in the
presence of magnesium oxide as a catalyst and vapor
released after heating was transported through a
cooler and finally the distillate formed was collected
in a flask containing 10 ml of 0.1 N HCl and 40 ml
water. After the distillate was titrated with 0.1N

" !"!

!.5/14 6'140+6 Deepwater pink shrimps
     caught in the Marmara
Sea (the coast of Marmara Ereğlisi, Tekirdağ Province,) during November 2017 comprised the study
material. After harvesting, shrimps were immediately transported to the Food Engineering Laboratory of Kırklareli University in polystyrene boxes
thoroughly covered with ice. 
"5+'71+273,7.+6.5/146:/7.7.+45+6+59'
7/9+)314382*The shrimps delivered to the laboratory were immediately exposed to processing after
being rinsed in running tap water. Group 1 was immersed into the solution containing 12.500 mg/L of
sodium metabisulphite (Na2S2O5) (Merck, Germany) for 1 min and shrimp samples with an
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Results of microbiologic analysis conducted on
the shrimps treated with EP and Na2S2O5 and then
stored at +4°C for 5 days were shown in Table 1.
Counts of total aerobic mesophilic bacteria (TAMB),
total psychrotrophic bacteria (TPB) and 
  spp. in fresh shrimps were determined at the levels of 3.53 log CFU/g, 4.95 log CFU/g and 3.99 log
CFU/g, respectively and the bacterial load was detected to have declined after treatments on the first
day of storage. High concentrations of EP (260 and
420 mg/L) application maintained its effect during
the storage period and TAMB counts of these samples were found to be lower in the first four days of
the study than those treated with Na2S2O5. On day 1,
while the lowest value for TAMB count (2.91 log
CFU/g) was noted in the samples treated with 260
mg/L of EP, bacterial count reached its maximum
level (3.35 log CFU/g) in the group treated with the
lowest concentration (42 mg/L) of EP, which revealed a statistically significant difference ( <0.05).
Similar results were detected among the other EP
groups. While TAMB counts did not elicit a significant difference on the second and third days of the
storage ( >0.05), the values differed significantly
( <0.05) on the fourth and fifth days. Higher concentrations of EP inhibited bacterial growth and
thus, TAMB counts of the samples treated with 420
mg/L of EP persistently revealed much lower values
than those of other groups. Lower concentrations (42
and 405 mg/L) of EP were not as effective as either
the high concentrations of EP or Na2S2O5 applications in terms of preventing the growth of TAMB.
Bacteriological spoilage in refrigerated fish and
fish products under aerobic storage conditions is
caused by gram-negative psychrotrophic organisms
such as  spp. [26]. Studies on the bacteriological quality of shrimps showed that Pseudomonas was the predominant species of the bacterial
flora during refrigerated storage [27, 28]. In the
study, EP administration was found to have prevented the growth of TPB and Pseudomonas spp. as
well, but the course of events differed with that of
TAMB. TPB and Pseudomonas spp. counts revealed
lowest levels (3, 12 and 2.00 log CFU/g, respectively) in the groups treated with 420 mg/L of EP
only on the first day of storage; however in the following days, the lowest values belonged to the
shrimps treated with Na2S2O5. Although high concentration of EP enabled to inactivation of TPB and
Pseudomonas spp. in shrimp samples, the most effective results were achieved with Na2S2O5. This was
considered to be associated with the highly volatile
nature of EP which is to have ended up in a gradual
decrease in EP concentration of the packages in time.
The mechanism of antimicrobial activity of EP
has yet not been fully understood and further studies
are needed to elucidate the dynamics. Furthermore,
there no studies available with respect to the

NaOH, numeric value of TVB-N was calculated as
mg/100 g according to the formula. 

+7+51/2'7/32 3, "5/1+7.;0'1/2 /753-+2
"Spectrophometric method was performed
to determine the amount of TMA-N. For this purpose, 10 g of each sample was homogenized in 90 ml
of 7.5% trichloroacetic acid and then filtrated. After
filtration, 4 ml of the extract was transferred to a test
tube into which were added 1 ml formaldehyde, 10
ml toluene and 3 mlofK2CO3 solution. The test tube
was thoroughly stirred and toluene phase separated
on the upper part of the mixture was removed with a
pipette and then 5 ml of picric acid solution (0.02%)
was added over. Finally, the content, having been
properly mixed, was transferred to a spectrophometer (Shimadzu, Japan). Absorbance was measured at
a wavelength of 410 nm against the reference blank.
The absorbance values of standards were also measured and a standard curve was established. The results were expressed finally as mg TMA-N per 100
g sample [22].

+7+51/2'7/32 3, 4 10 gram of shrimps
were homogenized and mixed thoroughly with 100
mL of distilled water for measuring pH values using
a digital pH meter (Adwa AD1000, Hungary) at
room temperature [23].

+7+51/2'7/32 3, %'7+5 )7/9/7; (': The
samples were allowed to stabilize for 30 minutes at
25°C and the measurements were performed by
means of a water activity measuring device (Novasina LabSwift, Switzerland).
!+2635;9'08'7/32Shrimp samples belonging to the treatment groups were evaluated by a taste
panel of 10 people. Raw and cooked (3 min in boiling water) shrimp samples belonging to each treatment group were presented to the panelists. Then a
graphical rating scale (visual analogue scale) that
was designed as a 100-mm long horizontal line representing a score for odor/taste attributes between
each ends (0 =unacceptable-100=excellent) was introduced. The panelists were required to rate the
samples according to their sensory properties by
marking a point on each corresponding line. Once
the evaluations have been completed, marked points
on the scale were measured with a ruler and the total
scores of the samples were recorded [24].
!7'7/67/)'0 '2'0;6/6 Analysis of variance
(ANOVA) was conducted for each variable measured to investigate the effect of treatments during the
storage period. The trial was performed in triplicate
and significant differences were defined with SPSS
18.0 using Duncan’s multiple range tests ( <0.01)
[25].
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Water activity is a significant parameter also in
shrimps like all other seafoods which exhibit high
nutritional value due to the high contents of water,
protein and other nitrogenous compounds, rendering
them more susceptible to microbial spoilage. In the
present study, initial level of aw of the shrimp samples was detected to be 0.967 prior to the treatments
and did not exhibit a significant difference among
groups on the first day of storage ( >0.05). However, differences were noted starting from day 2 and
the level of aw reached to its maximum value (0.976)
on the last day in the samples treated with Na2S2O5
while the lowest value was obtained for the group
which received the highest concentration (420 mg/L)
of EP. İnanlı and Öksüztepe [37] investigated some
characteristics of shrimp and calamari samples retailed in Elazig, Turkey and detected a value of 0.91
for water activity.
TVB-N comprises volatile nitrogenous compounds such as trimethylamine, dimethylamine and
ammonia produced as a result of decomposition process in seafoods [38]. A level of 30 mg/100 g TVBN was recognized as a useful indicator in terms of
establishing the permissible limit in shrimps [32,
39]. Despite the marked decrease in microbial activity during cold storage, autolytic enzymes maintain
their activities and thus volatile compounds continue
to be produced. On the basis of the findings of the
present study, EP was effective in the prevention of
TVB-N increase in shrimps. The increase was inhibited more prominently with the lowest concentration
(42 mg/L) of EP. While TVB-N value exceeded the
limit level of 30 mg/100 g in all groups on the second
day of storage, the samples treated with 42 mg/100
g of EP were considered to be edible with TVB-N
value of 28.70, which differed significantly among
other groups ( <0.01). Bingöl et al. [35] reported
that shrimps treated with Na2S2O5 and 4-hexylresorcinol exceeded the permissible limit in terms of
TVB-N values (33.50 and 35.92, respectively) at the
end of day 2, which was consistent with our findings.
The same researchers also pointed out that chitosan
and rosemary extract slowed down TVB-N production in shrimps. In a study by Varlık et al. [33], initial
TVB-N value (22.9 mg/100 g) in shrimps exposed to
cold storage (4ºC) increased to 109.15 mg/100 g on
the fourth day of storage. Bilgin et al. [40] conducted
a similar study on brown shrimps stored in the fridge
and showed that the initial TVB-N level in the fresh
samples rose to 42.53 mg/100 g on day 5.
Amount of TMA-N is one of the major indicators of food spoilage [38]. Kundakçı [41] reported
that eligibility level for TMA-N in seafood products
was 10mg/100g. Varlık et al. [33] determined a level
of 8 mg/100g for the same parameter. In the present
study, the initial TMA-N value in fresh samples before processing was found to be 0.194 mg/100 g,
which increased in the upcoming days of the trial

potential protective effect of EP on shrimps, yet the
effectiveness of EP as an antimicrobial agent has
previously been reported in several foodstuffs such
as fruits-vegetables [13, 15, 16], chicken meat [29]
and sausages [30].
Results of physicochemical analyses conducted
on EP treated shrimps were shown in Table 2. EP
was found to have affected also the physicochemical
properties of shrimps during storage.
Basic amines that emerge as a result of chemical processes such as reduction of trimethylamine
oxide to trimethylamine, decomposition of tissue
proteins and deamination due to bacterial activity in
shrimps during storage lead to an increase in pH
value [31]. It was reported that a pH value over 7.7
was considered to be an indicator of spoilage in
shrimps [32, 33, 34].
Biochemical reactions are known to continue
during cold storage and pH value increases due to the
amount of by-products emerged as a result of these
reactions. In the study, the pH value appeared to be
within the normal range (6.81) prior to the treatments
and increased in the forthcoming days of storage. On
the first day of storage the samples with the lowest
pH values (6.97) belonged to the group that was administered 420 mg/L of EP, which revealed a statistically significant difference ( <0.01) when compared with all other groups. On the other hand, increase in pH values was more prominent in the samples treated with Na2S2O5 and pH level was found to
have exceeded the above mentioned limits starting
from the third day of storage. However, EP treatments substantially inhibited the pH increase. Moreover, low concentration of EP exhibited more effectiveness in this regard. On the last day of storage, pH
level was determined to be 8.03 in shrimp samples
treated with Na2S2O5, whereas the pH values of the
samples treated with 42 and 105 mg/L of EP remained quite below the limits (7.66 and 7.70, respectively) that are indicators of spoilage. According to
the study conducted by Bingöl et al. [35] with respect
to the effects of chitosan, 4-hexylresorcinol and various extracts on the shelf life of shrimps during cold
storage, the pH level ranged between 7.65 and 8.23
on the sixth day of storage. Likewise, Mendes et al.
[36] reported that the pH level of 7.1 in fresh deep
water rose shrimps rose to a level of 8.5 at the end of
a 15-day storage.
Abu-Bakar et al. [34] also found that the initial
pH value they determined as 6.58 increased significantly during the storage of shrimps. Accordingly,
the pH value of the samples stored at 10oC was found
to be 7.5 at the end of day 10 whereas pH level remained below this value in the shrimps stored in ice
even at the end of day 16. Similarly, it was reported
by Nirmal and Benjakul [10] that initial pH value of
6.6 in the control group and in shrimp samples
treated with sulphite barely reached to a level of 7.3
on the tenth day of ice-storage.
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Fresh
3,53±0,23
Na2S2O5
3,19±0,11ab
3,38±0,12
3,32±0,51
3,50±0,18 ab
3,55±0,49bc
42 mg EP/L
3,35±0,16a
3,63±0,04
4,11±0,07
4,21±0,30a
4,69±0,02a
105 mg EP/L
3,03±0,04ab
3,56±0,19
3,71±0,34
3,79±0,26ab
4,52±0,54ab
3,31±0,12
3,26±0,81
3,49±0,53ab
3,86±0,07abc
260 mg EP/L
2,91±0,12b
ab
b
3,30±0,42
3,22±0,87
3,30±0,23
3,41±0,38c
420 mg EP/L
3,14±0,24


*
NS
NS
*
*
Fresh
4,95±0,07
Na2S2O5
3,52±0,07b
3,74±0,07d
4,67±0,02d
5,10±0,17b
5,28±0,09b
42 mg EP/L
4,84±0,29a
5,61±0,07a
5,78±0,09a
5,92±0,23a
6,22±0,03a
4,77±0,01b
5,54±0,04b
5,83±0,12a
5,94±0,23ab
105 mg EP/L
3,65±0,49b
4,76±0,01b
5,07±0,01c
5,37±0,02b
5,38±0,67ab
260 mg EP/L
3,54±0,08b
420 mg EP/L
3,12±0,17b
4,17±0,20c
5,03±0,12c
5,17±0,12b
5,31±0,15b


**
**
**
**
*
Fresh
3,99±0,05
Na2S2O5
2,15±0,21c
2,58±0,15b
2,73±0,05b
4,08±0,14c
4,22±0,01a
42 mg EP/L
3,59±0,17a
3,75±0,21a
4,36±0,19b
4,61±0,17ab
4,78±0,04a
3,52±0,18a
3,90±0,85b
4,60±0,01ab
4,77±0,08a
105 mg EP/L
2,15±0,21c
260 mg EP/L
2,60±0,00b
3,56±0,00a
3,86±0,19b
4,65±0,07a
4,78±0,03a
3,43±0,00a
3,56±0,12ab
4,27±0,19bc
4,45±0,01b
420 mg EP/L
2,00±0,00c


**
**
*
*
**
1
Values ± represent the standard deviation.
Means indicated with a different letter within columns are significantly different. (): P<0.05; (): P<0.01; !: Not Significant.
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5384
Fresh
Na2S2O5
42 mg EP/L
105 mg EP/L
260 mg EP/L
420 mg EP/L

Fresh
Na2S2O5
42 mg EP/L
105 mg EP/L
260 mg EP/L
420 mg EP/L

Fresh
Na2S2O5
42 mg EP/L
105 mg EP/L
260 mg EP/L
420 mg EP/L

Fresh
Na2S2O5
42 mg EP/L
105 mg EP/L
260 mg EP/L
420 mg EP/L



6,81±0,01
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7,34±0,001a
7,17±0,005b
7,12±0,002d
7,15±0,004c
6,97±0,003e
**

7,60±0,004a
7,23±0,005d
7,30±0,003c
7,36±0,002b
7,31±0,004c
**

7,88±0,001a
7,34±0,001d
7,59±0,026c
7,39±0,002d
7,73±0,067b
**

7,92±0,015a
7,60±0,007d
7,61±0,004d
7,66±0,003c
7,76±0,003b
**

8,03±0,001a
7,66±0,030d
7,70±0,019cd
7,74±0,00bc
7,77±0,021b
**

0,966±0,001
0,966±0,001
0,968±0,001
0,966±0,001
0,967±0,001
NS

0,972±0,001a
0,976±0,000b
0,974±0,001ab
0,973±0,001ab
0,972±0,001a
*

0,974±0,001a
0,968±0,002b
0,975±0,001a
0,964±0,001bc
0,963±0,001c
**

0,977±0,001a
0,965±0,002b
0,973±0,002a
0,966±0,002b
0,962±0,002b
*

0,976±0,002a
0,971±0,002ab
0,973±0,002ab
0,972±0,002ab
0,966±0,002b
*

35,10±0,98a
25,90±1,14c
28,70±0,98bc
30,10±0,98b
35,00±1,97a
**

39,90±0,98a
28,70±0,98c
35,70±0,98b
38,50±0,98ab
39.40±1,69a
**

51.10±2,96a
34.30±0,98c
39.90±0,98b
46.20±1,97a
50,40±1,97a
**

88,80±0,84a
46,90±0,98d
50,05±1,48c
52,50±0,98c
69,30±0,98b
**

92,40±1,97a
62,30±0,98d
65,10±0,98d
72,10±0,98c
77,70±2,96b
**

2,37±0,65a
0,77±0,28b
2,24±0,56ab
3,34±0,72a
2,71±0,58a
*

6,70±1,57bc
3,31±1,44c
6,67±1,78bc
10,32±1,88a
8,19±1,72ab
*

15,56±2,45a
6,14±1,76c
8,16±1,83bc
13,69±1,95a
11,83±1,83ab
*

29,20±3,45a
14±1,88b
15,11±1,97b
16,63±2,00b
15,29±1,93b
**

29,67±3,90a
16,43±1,72b
21,22±3,02ab
26,71±3,90a
24,02±3,20ab
*

0,967±0,001

16,8±1,40

0,194±0,005

1
Values ± represent the standard deviation.
Means indicated with a different letter within columns are significantly different. (): P<0.05; (): P<0.01; !: Not Significant.


after the treatments and exceeded the established
permissible limits starting from day 3 except for the
sample groups processed with two different concentrations (42 and 105 mg/L) of EP. EP treatment

prevented the production of TMA-N, more efficiently than did Na2S2O5 treatment and low concentrations (42 and 105 mg/L) of EP elicited more 
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effective results. The samples of these groups were
found to be eligible even on day 3 in terms of TMAN levels (6.14 and 8.16 mg/100 g). Other studies
conducted with shrimps stated that amount of TMAN exceeded the level of 8 mg/100 g within 4 to 8
days [33, 40, 42, 43].
Graphs of sensory evaluations of shrimp samples on the first and second days of the trial were
shown in in Figure 1 and Figure 2, respectively. Although discoloration appeared from the very first day
of the storage, no significant alteration was noted in
the color of Na2S2O5 treated samples during the
whole storage period. EP neither inhibited melanosis
nor exhibited more effectiveness than did Na2S2O5
treatment. Discoloration was considered to be a quite
determinative parameter with regard to the panel. In
the category of color evaluations performed on the
first day, the panelists gave the highest scores (mean
value: 9.18) to Na2S2O5 treated samples and on the
contrary, 42 mg/L of EP treatment scored least
points (mean value: 4.81). As a consequence, overall
scores of shrimp samples in terms of consumer acceptability was also affected and thus Na2S2O5
treated samples received the highest scores. Likewise, the highest scores in terms of color parameter
and overall acceptability (7,13 ve 6.51) were given
to Na2S2O5 treatment groups also on the second day
of sensory assessments. (7,13 and 6.51). On the other
hand, shrimp samples treated with 105 mg/L of EP
received the most affirmative evaluations in terms of
taste parameter both on day 1 and day 2. The panelists underlined the fact that EP exhibited high palatability with a spicy taste and particularly no disturbing odor or flavor in this group of shrimp samples.
On the contrary, the sensory panel stated that a
strong smell was perceived in shrimps treated with
high concentrations (260 and 420 mg/L) of EP. A
similar condition was reported also in the studies in
which EP was used to extend the shelf life of chicken
meat and sausages. It has been previously indicated
in recent studies that EP at low concentrations contributed to palatability of food products (i.e. chicken
meat and sausages) whereas high amounts of the
substance resulted in strong and unpleasant odor [29,
30].

#  
!+2635;'66+661+276)35+6,356.5/14632*'; 
#!

It was determined in the present study that
evaporated EP exhibited different effects on certain
microbiological, physicochemical and sensory characteristics of shrimps at various concentrations. Low
concentration of EP proved to be quite effective in
maintaining the physicochemical properties of
shrimps at desired levels whereas high concentration
elicited a favorable outcome in terms of antimicrobial activity. Medium level doses were found to be
appealing in terms of sensory parameters such as
taste. Even though the mechanism of antimicrobial
action of EP has yet not been fully understood in the
previous studies, application of the substance as a
novel and practical additive in food processing may
create substantial advantages in the preservation of
foodstuffs. It was considered that it might be applied
with great success particularly in fresh foods with
high microbial activity. Although the effects of EP
were investigated on fruits and vegetables, to the
best of our knowledge, there no studies available
with respect to its potential beneficial effects either
on meat or seafoods. In conclusion, it was considered
that the present study might have offered guidance
for the further studies to be carried out and thus EP
application might have been an alternative to the
technologies in food industry such as modified atmosphere and vacuum packaging.
 !
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"& % &$    is belonging to
the family Cactaceae. The chemical composition of
the pulp and peel of cactus showed that pulp has high
content of proteins, moisture and lipid but low content of total fiber and ash as compared to the peel.
The peels of the cactus were considerably higher in
fiber than the pulp. The ethanolic and ethyl acetate
extracts of peel have high concentrations of total
phenols, flavonoids, tannins, alkaloids than the pulp
extracts. The ethanolic extract in both pulp and peel
gave higher concentrations of phytochemical compounds than the ethyl acetate extract. Therefore, pulp
and peel extract has antioxidant and antimicrobial
activity against gram positive, negative bacteria and
fungus. Also, the percentage of Liver cell line
(HepG2), Colorectal adenocarcinoma (Caco-2) and
Breast cell line (MCF-7) viability was decreased
with increasing the concentrations of the ethanolic
extract of the pulp and peel cactus (500, 1000, 1500,
2000, 3000 μg/ml). The most pronounced reduction
in the viability of cancer cells was detected after
treatment with pulp extract than peel extract. The
high concentrations of ethanolic extract of the pulp
and peel cactus caused the high reduction in the viability of cancer cells especially in Liver cell line
(HepG2).In addition, the phytochemical compound
screened by GC-MS method. In this GC-MS analysis, 31 bioactive phytochemical compounds were
identified in the pulp of cactus and 27 bioactive compounds were detected in peel extract. These different
active phytochemicals have been found to possess a
wide range of activities, which may help in the protection against incurable diseases.



!'%"('"!
Today the world appears to be increasingly interested in the health benefits of foods and has begun
to look beyond the basic nutritional benefits of foodstuffs to disease prevention. It is generally accepted
that the beneficial effects of herbal remedies can be
obtained from active constituents present in the
whole plant, parts of the plant (e.g., flowers, fruits,
roots or leaves), or plant materials or combinations
thereof, whether in crude or processed state [1-4].
Medicinal plants represent a rich source of antimicrobial agents. "& %&$ , commonly called prickly pear or nopal cactus, belongs to
the dicotyledonous angiosperm Cactaceaefamily, a
family that includes about 1500 species of cactus. 
&$ is a tropical and subtropical plant. It can
grow in arid and semi-arid climates with a geographical distribution encompassing Mexico, Latin America, South Africa and Mediterranean countries
(Spain, Italy, Greece, Egypt, Turkey) [5, 6]. Prickly
pear is in mature stage up to 2 m long, with plump,
even, rounded segments, armed with spines are
called pods. The fruits are yellow and orange color;
barrel or egg shaped and up to 10 cm long. The stems
are green, plump, flattened and can be very large
which approximately 60 cm length. However, the
plant can spread up to 40 m in diameter at from root
region. The fruit pulp is disk-shaped and has numerous colors. An "& % fruit has high medicinal
value and was established to display many pharmacological properties such as antiulcerogenic, neuroprotective, antioxidant, hepatoprotective and anticancer activities [7-11]. The use of prickly pear fruit
is suggested for their beneficial and therapeutic
properties and also used for treating diabetes, burns,
bronchial, asthma and indigestion in many countries
over the world [12, 13]. Chemical analysis showed
that the prickly pear fruits contain 12–15% sugars,
0.6% protein, and 0.1% lipids; minerals including
calcium, potassium, and magnesium (490, 2200, and
850 ppm, respectively [14]. The fruit pulp is rich in

,*"%&
Phenols, flavonoids, tannin, carotenoids, vitamins, DPPH,
antibacterial, anticancer activity.
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&?3-<= 1B><-/>5:9 -90 01>1<859->5:9 .C
#Samples were cut into small pieces, homogenized using commercial blender, then soaked in hot
HPLC grade water for one hour and extracted in an
ultrasound bath (Crest®, Malaysia) at 40±1 °C for 45
minutes. Solution was filtrated twice using filter paper and 0.45 µm Millipore membrane. Kept at -21oC
until analysis. Sugars were determined by HPLC,
column used was Phenomenex, Luna NH2 250 x 4.6
mm, column temperature kept constant at 30°C, mobile phase was Acetonitrile: HPLC grade water 80:
20 (v/v), detection by RI detector and data integration by claritychrom@ software.

vitamin C, free amino acids (proline, taurine, glutamine, serine), polysaccharides, polyphenolic compounds (Quercetin, kaempferol, isorhamnetin and
their derivatives), pigments (betaxanthins and betacyanins responsible for yellow and red color, respectively) and flavor compounds [15]. Cactus pear fruit,
usually consumed fresh or in processed form such as
beverages, syrups, candies, jellies, marmalades, barbecue sauces, natural sweeteners, dehydrated sheets
and nectars [16]. Being high in nutritional and bioactive phytochemicals, cactus pear fruit can be used
both as a potential source of natural antioxidants and
as a direct functional food [17].
The aim of this work is to study the chemical
composition of "& %&$ pulp and peels,
to study its effect as an antioxidant, antimicrobial
and anticancer activity and to spate active compounds by GC-mass analysis.

1>1<859->5:9 :2 8591<-7 /:8;:=5>5:9 The
Ca, Mg, P and Na contents were determined using
the dry-ashing procedure [18]. The K, Mg, Na, Fe,
Mn, Zn, Cu ions concentrations were measured with
a double beam atomic absorption spectrometer, (Analyst 300, Perkin Elmer, USA). The organic components were previously eliminated at 550 °C for 24 h. 

'%&! '"&

#7-9> ->1<5-7= Prickly pear fruits ("& %
&$ ) in the ripe stage were obtained from the
local market, Giza, Egypt, in August 2018. One kilogram of edible prickly pear pulps and peels were
brushed for two minutes under distilled water with a
nail brush. The pulps and peels were removed from
each other and then dried in oven at 105°C for 24 h
to determine water content. Dry matter of each fraction (pulps and peels) was ground separately and
passed through a 100-mesh sieve before analysis. All
analysis was done in the labs of Cairo University.
Research Park (CURP), Faculty of Agriculture,
Cairo University, Cairo, Egypt.

5/<:.5-7=><-59Table (1) illustrated the microorganisms which were used in this study and were
obtained from the American Type Culture Collection (ATCC) as well as the culture collection of the
Microbiology Lab, Cairo University Research Park
(CURP), Faculty of Agriculture, Cairo University.

#4C>:/4185/-7/:8;:=5>5:9:2#<5/67C;1-<
The total phenolic content was estimated by Folin
Ciocalteu method as described by Singleton and
Rossi [20]. The absorbance was measured at 765 nm
using a spectrophotometer Thermo Scientific
HERYIOS. The flavonoids content was determined
by aluminium trichloride method as described by
Zhishen et al.[21]. The absorbance was measured at
510 nm using a spectrophotometer. Tannin content
in "& % &$   pulp and peels was determined by using Folin-Denis reagent as described by
Saxena et al. [22]. The absorbance was read at 700
nm using spectrophotometer. Alkaloids was measured according to the method described by Harborne
[23]. The absorbance was taken at 565 nm. The alkaloid concentration was calculated from the calibration curve of atropine used as standard and results
expressed as g/100 g equivalent of atropine. The total anthocyanin contents were determined by the pH
differential method using a spectrophotometer
(Thermo Scientific HERYIOS) [24]. The absorbance of the fruit extract was measured at 515 and 700
nm in pH 1.0 and 4.5 buffers, respectively, using A
= (A515 - A700) pH 1.0 - (A515 - A700) pH 4.5 with
a molar extinction coefficient of 26,900. The results
were expressed as mg of cyanidin-3-glucoside
equivalent per 100 grams of fresh weight (g cy-3-glu
kg-1 FW).

5:/4185/-7 /:8;:=5>5:9 :2 #<5/67C ;1-<
Moisture, lipids, total fibers and ash were determined according to AOAC methods [18]. Nitrogen
was determined by a Kjeldahl procedure. The factor
6.25 was used to convert nitrogen to crude protein
[19].



'
5/<:.5-7=><-59=?=10>:>1=>>41-9>585/<:.5-7-/>5@5>51=:2#<5/67C;1-<2<?5>-90;1171B><-/>=
5/<:.5-73<:?;
905/->:<=><-59
#:=5>5@1/:9><:7
?7>5@->5:9/:905>5:9=
Gram positive bacteria
Gram negative bacteria
Fungus

%"(!!&$&#&$ (ATCC 25923)
&$#&$ (ATCC 33018)
$#! (ATCC 8739)
! %("&#& (ATCC 14028)
$"#&$ # (nrrl 326)
  $ ATCC 10231

1546

Kanamycin
Polymyxin
Nystatin

Muller-Hinton broth, 37ºC/ 24 h
Muller-Hinton broth, 30ºC / 24 h
Muller-Hinton broth, 37ºC / 24 h
Muller-Hinton broth, 37ºC / 24 h
Sabouraud dextrose broth, 25 ºC / 3days
Sabouraud dextrose broth, 25ºC / 24 h
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substances and MS spectra. Analyses were run in
triplicate. Calculations of percent composition of demethylsterol fractions were based on the peak area.

*->1< =:7?.71 @5>-859= &-8;71 #<1;-<-
>5:9 Water soluble vitamin were determined by
HPLC analysis after extraction from the sample according to Albala-Hurtado et al. [28]. Dry weighed
0.2 g of fruits and peels of "& %&$  powder was placed into centrifuge tube and add 15 mL
of deionized water. After 15 min of ultrasonic extraction, centrifuge at 4000 rpm for 5 minutes, then
quantitively transfer to 25 mL volumetric flask, add
water to the mark. Filter through 0.2um nylon membrane before injection.

5;50B><-/>5:9The pulp and peels of "& 
%&$  oil content was determined using the
Soxhlet extraction according to the official method
[18]. 50 g of dried Fruits and peels were ground and
then extracted with petroleum ether in a Soxhlet apparatus for 6 h. After extraction, the samples were
ground again, but more finely, and extracted for 6 h
(second extraction). Petroleum ether was evaporated
under reduced pressure using a rotavapor. Lipid content was expressed as g/100 g of seed fresh weight.

&1;-<->5:9 :2 2->>C -/50= -90 ?9=-;:9525-
.71=2<:875;50=-8;71=Lipid material was saponified with methanolic KOH (40 %, w/v) for 24 h at
room temperature according to Ahmed et al. [25].
The unsaponifiables were extracted three times with
ether. The aqueous layer was acidified with HCl
(1:1, v/v) and the liberated fatty acids were extracted
three times with ether. The combined extracts of unsaponifiables and fatty acids were washed several
times with distilled water and then dried over anhydrous sodium sulfate. The standard and the sample
fatty acids were converted to methyl esters using an
ethereal solution of diazomethane according to Vogel [26].

1>1<859->5:9:2 2->>C-/50 /:8;:=5>5:9 .C
D &The fatty acid methyl esters were determined by GC–MS using Trace GC Model 2000 series produced by Thermo equipped with Selective
Detector Mass Spectroscopy Model SSQ 7000 produced by Finnigan. This equipment was interfaced
via HP chemstation version A 02.12 software
(Hewelwett-Packard. Avondale, PA). The gas chromatography was equipped with DB-23 (J & W 1222362) 25μ capillary column, 60 m x 0.25 mm ID,
0.15 µ m. The operating conditions for gas chromatography were as follows: injector temperature
250°C, carrier gas: helium at 30 cm/sec, measured at
150°C, oven temperature 50°C for 4 min, 150°C for
4 min and held at 250°C until the chromatogram was
completed. The detector temperature was 280°C.
Mass spectroscopy operating parameters were electron ionization at 70 ev, accelerating voltage 10 kV
and scan M/Z range from 50 to 500. National Institute of Standards and Technology (NIST) library according to Jiang et al.[27].

1>1<859->5:9:2=>1<:7=;<:2571.CD &
The unsaponifiable fractions were finally collected
in ether and taken to dryness under vacuum. The residue was analyzed using the gas chromatograph HP
5890 (Hewlett Packard) equipped with the MS detector (MSD 5970), EI, 70 ev and fitted with a capillary column DB-1701 (12 m x 0.18 mm x 0.4 mm;
J&W Scientific). The column temperature was programmed from 260 to 300°C while injection temperature was set at 280 °C. Helium was the carrier gas
at a flow rate of 0.7 cm3/min. Identification of peaks
was based on the retention time of standard

9=><?819>:905>5:9=Agilent 1260 infinity
HPLC Series (Agilent, USA), equipped with Quaternary pump, a Kinetex XB-C18 column 100 mm x 4.6
mm (Phenomenex, USA), operated at 35oC. The separation is achieved using a binary linear elution gradient with (A) 25 mM NaH2PO4 pH = 2.5, (B) methanol. The injected volume was 20 μL. Detection:
VWD detector set at 254 nm for ascorbic acids and
220nm for vitamins B3, B6, B9 and B12 (Jedlick and
Klimes, 2005) [29].
1>1<859->5:9 :2 ;419:75/ -90 27-@:9:50
/:8;:?90=.C#B><-/>5:9:2;419:75/-90
27-@:9:50 /:8;:?90= 0.2g dry sample extracted
with 20 ml ethanol 80%, soak in brawn bottle for 24
hr at room temperature, centrifuged for 5 min, volume adjusted to 25 ml by ethanol 80%, filtered
through Whatman filter paper, 10 ml of the solution
evaporated to dryness then dissolved in 5 ml HPLC
grade methanol 50%, filtered through PTFE filter
with pore size 0.2 μm.
9=><?819> :905>5:9 2:< ;419:75/ /:8
;:?90= Agilent 1260 infinity HPLC Series (Agilent, USA), equipped with Quaternary pump, a
Zorbax Eclipse plusC18 column 100 mm x 4.6 mm
i.d., (Agilent technologies, USA), operated at 30oC.
The separation is achieved using a ternary linear elution gradient with (A) HPLC grade water 0.2 %
H3PO4 (v/v), (B) methanol and (C) acetonitrile. The
injected volume was 20 μL. Detection: VWD detector set at 284 nm.

9=><?819> :905>5:9 2:< 7-@:9:50=
HPLC, Smart line, Knauer, Germany., equipped
with binary pump, a Zorbax Eclipse plusC18 column
150 mm x 4.6 mm i.d., (Agilent technologies, USA),
operated at 35oC. Eluent: methanol: H2O with 0.5%
H3PO4, 50:50 with flow rate 0.7 ml/min, the injected
volume was 20 μL. Detection: UV detector set at 273
nm and data integration by claritychrom@ software.
This method was the modified of methods Goupy et
al. [30] and Mattila et al. [31] for fractionate the polyphenols and flavonoids, respectively.
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9>5:B50-9> -/>5@5>C ## 2<11 %-05/-7
&/-@193593-/>5@5>C%&The antioxidant activity of fruits and peels of "& %&$  extract
was measured in terms of hydrogen donating or radical-scavenging ability using the stable DPPH
method as modified by Park et al. [32] (2006). The
reaction mixture containing 1 ml of the extract at different concentrations (40, 80, 120, 150 μg/ml) and
1ml of DPPH (0.2mM) was vigorously shaken and
incubated in darkness at room temperature for 30
minutes. The absorbance was read at 517nm using
UV-visible spectrophotometer. Radical scavenging
activity was expressed as percent of inhibition and
was calculated using the following formula:-
%DPPH = [Absorbance of Control – Absorbance of Sample / Absorbance of Control] x 100

1>1<859->5:9:2<10?/593;:A1<The ability of the tested extracts to reduce Fe3+ was assayed
by the method of Chou et al. (2009). The absorbance
was measured at 700 nm. The results were expressed
as μg of gallic acid equivalent per 100 g DW.

9>5.-/>1<5-7 -/>5@5>C Agar disc diffusion
method was used to evaluate the antibacterial activity of pulps and peels of "& %&$  fruits
as described by Bauer et al. [33]. The strains were
grown on Mueller-Hinton agar slants at 37°C for 24
h and checked for purity. After the incubation, the
cells were washed off the surface of agar and suspended in sterile physiological solution. The number
of cells in 1 ml of suspension for inoculation measured by McFarland nefelometer was 5 × 107
CFU/ml. 1 ml of these suspensions was homogenized with 9 ml of melted (45°C) Mueller-Hinton
agar and poured into Petri dishes. On the surface of
the agar, 5 mm diameter paper discs (HiMedia®,
Mumbai, India) were applied and impregnated with
15 μl of samples. The plates were incubated at the
optimum temperature for each indicator strain (Table 1) and tested after 24, 48 and 72 h. Growth inhibition was scored positive in the presence of a detectable clear zone (ZI) around the disc and expressed in mm. Experiments were carried out in triplicates and the inhibition zone was recorded as the
average of the replicates± SD.

9 )5><: /C>:>:B5/5>C -==-C Liver cell line
(HepG2), Colorectal adenocarcinoma (Caco-2) and
Breast cell line (MCF-7) were purchased from
CURP, faculty of Agriculture at Cairo University
(Egypt). Cells were maintained in (DMEM) supplemented with 10% heat-inactivated fetal bovine serum, 100 µg/ml streptomycin and 100 units/ml penicillin g potassium, in a humidified 90% and 5%
(V/V) CO2 atmosphere at 37ºC. The cytotoxicity of
ethanolic extracts was tested by the neutral red (NR)
assay as previously described by Repetto et al. [35].
Exponentially growing cells were collected using
0.25% Trypsin-EDTA and seeded in 96- well plates

at 20000 cells/well. After incubation (overnight), extracts were added in various concentrations (10, 50,
100, 200, 400, and 800 µg/ml); 4 wells for each concentration. After treatment with extracts for 24h., the
media were removed and cells were exposed to neutral red solution for 4 hours at 37ºC. Destin solution
was used to dissolve the NR stained cells and color
intensity was measured at 540nm microplate reader
(Biotek, ELX808).

#<5/67C ;1-< ;?7; -90 ;117 1B><-/>5:9 2:<
 & -9-7C=5= The fruits were cleaned, shade
dried and pulverized to a powder in a mechanical
grinder. Required quantity of powder was weighed
and transferred to Stoppard flask and treated with
methanol until the powder is fully immersed. The
flask was shaken every hour for the first 6 hours and
then it was kept aside and again shaken after 24
hours. This process was repeated for 3 days and then
the extract was filtered. The extract was collected
and evaporated to dryness by using a vacuum distillation unit. The final residue obtained was then subjected to GC-MS analysis.
 & 9-7C=5= GC-MS analysis of these
extracts was performed using an Agilent 7000 Series
Triple, Quad Gas Chromatograph interfaced to a
Mass Spectrometer (GC/MS/) equipped With a
Elite-5MS (5% diphenyl/ 95% dimethyl poly siloxane) fused a capillary column (30 x 0.25 µm ID x
0.25µm df)). For GC-MS detection an electron Ionization system with ionizing energy of 70ev was
used. Helium gas (99.999%) was used as the carrier
gas at a constant flow rate 1ml/min and injection volume of 2µl was employed (split ratio of 10:1); injector temperature 250º C; ion-source temperature 200°
C. The oven temperature programmed from 110º C
(iso thermal for 2 min) With an increase of 10º c/min
to 200º C, then 5º C/min to 280º C, ending with a 9
min iso thermal at 280º C, mass spectra were taken
at 70ev: a scan interval of 0.5 second and fragments
from 45 to 450Da, total GC Running time was 36
minutes. The relative % amount of each component
was calculated by comparing its average Peak area
to the total areas. Software adopted to handle mass
spectra and chromatograms was Turbomass.
Interpretation of mass spectrum GC-Ms was
conducted using the database of Nationl Institue of
Standard and Technology (NIST) having more than
62,000 patterns. The spectrum of the of the unknown
components stored in the NIST library. The name,
molecular weight and structure of the components of
the test materials were ascertained [36].

&>->5=>5/-7-9-7C=5=All results were expressed
as mean values ± standard deviation. Comparisons
were performed by analysis of variance (ANOVA).
Statistical analyses were run using SAS software.
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4185/-7 /:8;:=5>5:9 :2 #<5/67C ;1-< ;?7;
-90;117The chemical composition of the pulp and
peel of cactus showed that pulp has high content of
proteins, moisture and lipid but low content of total
fiber and ash as compared to the peel (Table 2).The
peels of the cactus were considerably higher in fiber
(5.83%) than the pulp. The beneficial effects of fiber
in human health have been shown to act together
with other bioactive compounds in the prevention of
chronic diseases [37, 38]. 
Glucose and fructose was the predominant sugars in pulp samples and present in lesser amounts in
peel samples of prickly pear fruit. On the other hand,
sucrose was the predominant sugars in peel samples
and present in lesser amounts in pulp samples. The
principle carbohydrate constituents of cactus pear
fruits are the free sugars composed mainly of glucose
and fructose with a small amount of sucrose [39].
These results are in accordance with previous study
who reported that sucrose was the predominant sugar
in peel samples and present in lesser amounts in pulp
and juice samples of prickly pear fruit [40]. The relative total content of glucose and fructose differed
among species and within fruit tissues. Also, AbdelNabey [41] found that fruit pulp content was about
53% glucose, and 47% fructose and this amount of
glucose was notable, as this sugar was the sole energetic metabolite for the brain and nerve cells and was
presented in prickly pear as free sugar, directly absorbable by the body. Also fructose was easily absorbed, enhances flavor, and it was sweeter than either glucose or sucrose [42].

The minerals content of cactus pulp and peel is
summarized in Table (2). Cactus pulp extract
showed to be rich source of calcium, potassium and
magnesium than peel extract, but contained low
amount of sodium. These results are in harmony with
those of Bakari et al. (2017) [43] who found that cactus fruit contain magnesium, calcium, iron, cupper,
manganese and zinc. Cactus pulp has high levels of
calcium and magnesium, which are used for energy
and sports drinks to uphold the mineral pool during
periods of physical exhaustion [44] and the low level
of sodium has an advantage for people with renal and
blood pressure problems [45].
Calcium is an important element in pulp than
peel and known to help ease insomnia, regulate the
passage of nutrients through cell walls and stimulate
muscle [46]. Also, calcium was represented threequarters of minerals of the body and were found fundamentally in bones, which serve as an important
reservoir [41]. The second important element found
in pulp is magnesium in the pulp than peel provides
its usefulness for the reactions involved in converting vitamin D to its active form and therefore, leading to the formation of Adenosine triphosphate
(ATP), as constituent, to release parathyroid hormone and to relax the muscles [47]. Zinc and Cupper
are distributed widely in plant and animal tissues and
occurs in all living cells. It functions as a cofactor
and is a constituent of many enzymes. Zn dependent
enzymes are involved in macronutrient metabolism
and cell replication [48]. Intakes of Mn and Fe from
cactus can similarly be highlighted. Both trace elements, have commonly been associated with protection against oxidative damage [49]. The mineral pattern depends on the fruit origin and factors on the site
of cultivation [50].


' 
4185/-7/:8;:=5>5:9 2<?5>-90;117==-8;71=A A*
:9=>5>?19>=
#?7;
#117
Moisture
90.66± 2.32
88.92±1.98
Protein
1.62±0.26
1.53±0.18
Lipids
0.56±0.04
0.32±0.02
Total Fibers
4.65±0.37
5.83±0.42
Ash
2.6±0.29
3.4±0.31
-<.:4C0<->1/:8;:=5>5:9 3
3
Fructose
20.17
1.24
Glucose
30.8
12.16
Sucrose
0.34
1.86
591<-7/:8;:=5>5:983
3*
Ca
49.04
26.48
P
2.82
4.76
Na
0.70
1.80
410.7
549
K
Mg
18.6
12.7
Fe
3.2
4.2
Mn
1.08
1.17
Zn
0.78
1.18
Cu
1.53
1.70
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$?-9>5>->5@1;4C>:/4185/-7-9-7C=5=:2#<5/67C;1-<2<?5>-90;1171B><-/>=
Constituents

Pulp extracts
Ethanolic
Ethyl acetate

Total phenolic
15.74±0.66
(mg Gallic acid /g DW)
Total flavonoid
13.99±0.37
(mg Quercetin /g DW)
Total tannin
3.60±0.27
(mg Tannic acid /g DW)
Total alkaloid
2.44±0.11
(g/100g DW)
Total anthocyanin
471.41±2.62
(mg cy-3-glu /100g FW)
Values are mean ± SD of three replicate analyses

Peel extracts
Ethanolic
Ethyl acetate

8.69±0.24

121.26±0.38

57.373±0.54

3.89±0.39

36.69±0.84

25.12±0.44

1.98±0.12

25.98±0.19

18.34±0.15

1.36±0.06

2.50±0.08

1.54±0.09

245.45±1.83

56.73±0.24

36.48±0.35


#4C>:/4185/-7 /:8;:?90= :2 #<5/67C ;1-<
;?7; -90 ;117 Phytochemical compounds of the
two extracts of cactus pulp and peel are presented in
table (3). The ethanolic and ethyl acetate extracts of
peel have higher concentrations of total phenols, flavonoids, tannins and alkaloids than the pulp extracts.
The ethanolic extract in both pulp and peel gave
higher concentrations of phytochemical compounds
than the ethyl acetate extract. On the other hand, the
ethanolic and ethyl acetate extracts of pulp contain
high concentrations of total anthocyanin than peel
extracts. These results are in accordance with AbouElella and Ali (2014) [51] who found that the higher
amount of phenol compounds was obtained by solvent which has high polarity. These findings may be
due to the fact that phenolics are often extracted in
higher amounts in more polar solvents such as aqueous methanol/ethanol as compared with absolute
methanol/ ethanol [52].
Phytochemical screening of bioactive plant extracts has revealed the presence of alkaloids, tannins
and flavonoids in Cactus ("& %&$ ), flavonoids and tannins have been linked to antibacterial
activity and antidiarrheal activity [53, 54]. Different
phytochemicals display various mechanisms of action such as increasing colonic water and electrolyte
re absorption and inhibiting intestinal motility, while
some components have been shown to inhibit specific pathogens [55]. Phytochemicals such as flavonoids, tannins and alkaloids have anti-inflammatory
effects [56]. Tannins were present in Cactus ("& 
%&$ ) [57] and may be responsible for the
good antibacterial activity. Previous studies have
shown that tannins have been found to form irreversible complexes with proline-rich proteins, resulting in the inhibition of the cell protein synthesis,
they bind proteins and adhesions, inhibit enzymes
and complex with cell wall [58]. Many human physiological activities, such as stimulation of phagocytic
cells, host-mediated tumor activity, and a wide range
of anti-infective actions, have been assigned to tannins [59]. Alkaloids have been reported to be responsible for the antibacterial activity in some plants
[60]. Studies have demonstrated that alkaloids have

pharmacological effects and could be associated
with inhibition of nucleic acid, protein, and membrane phosipholipids biosynthesis [61]. The mechanism of action of highly aromatic planar quaternary
alkaloids such as berberine an important representative of the alkaloid group and humane is attributed to
their ability to intercalate with DNA [62]. This probably explains the reason as to why the plants containing these basic alkaloids and alkaloid salts showed
good antibacterial activity. Previous studies on other
plants have reported that flavonoids being phenolic
compounds are water soluble antioxidants and free
radical scavengers which are capable of preventing
oxidative cell damage and have strong anticancer activity [49]. The potent antioxidant activity of flavonoids, their ability to scavenge hydroxyl radicals, superoxide anions and lipid peroxide radicals may be
the most important function of flavonoids [63].

->>C-/50-90=>1<:7=/:8;:?90=:2#<5/67C
;1-<;?7;-90;117The ethanolic extract of cactus
pulp and peel contain 11 fatty acids, 7 saturated fatty
acids and 4 unsaturated fatty acids (Table 4). The
main constituent is C18:2 Linoleic acid followed by
C16:0 Palmitic acid, C18:1 Oleic acid and C18:3
Linolenic acid. Peel extract contains high amount of
saturated fatty acids (24.65%) than pulp extract
which contain 22.36%. On the other hand, pulp extract contains high amount of unsaturated fatty acids
(77.64) than peel extract which contain (75.35 %).
These results are in accordance with Bakari et al.
[43] which reported that cactus extract contain palmitic acid (20.9%), oleic acid (11.0%) and linoleic
acid (7.0%). These compounds were known for their
beneficial health effects such as unsaturated fatty acids (oleic and linoleic acid) which can prevent cardiovascular diseases [64,65]. Several studies have indicated that cactus particularly; fruits, pulp, seed and
prickly pear peel were rich in linolenic, oleic and palmitic acids [66]. High level of omega-6 linoleic acid
was reported in cactus pulp and peel. As a precursor
of arachidonic acid, linoleic acid has long been accepted as having a hypocholesterolemic effect and
inhibitory properties against colon cancer metastatic
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cells [67]. Omega-3 linolenic acid is known to be
beneficial for health, cardiovascular diseases, inflammatory conditions, autoimmune disorder and diabetes [68]. 
Data in Table (4) showed that the ethanolic extract of pulp and peel of cactus contains 6 compounds of sterols separated by HPLC. The main constituent is β-Sitosterol followed by Campesterol. Ergosterol found only in peel extract. These results are
in accordance with others [69] documented β-sitosterol as the major sterol extracted from different
parts of the fruit oils: pulp, skin and seeds.

found that Cactus pear ranged from 1 to 41 mg/100g
of vitamin C, which is higher than that found in other
common fruits like apple, banana or grape [70, 71].
While other vitamins, such as carotenoids, thiamin,
riboflavin, pyridoxine, Folic acid and niacin are in
trace amounts [45]. It is known that the fruit contains
vitamin C higher than peel [68]. It’s reported that,
vitamin c plays an important role in human nutrition,
including growth and maintenance of tissues, the
production of neurotransmitters, hormones and immune system responses. It’s an important antioxidant and reduces the adverse effects of reactive oxygen species which caused damage to macromolecules such as lipids, DNA and proteins, which are
related to cardiovascular disease, cancer and neurodegenerative diseases [72].

*->1< =:7?.71 @5>-859= Fruits are important
sources of vitamins for local people at the natural
growth sites of the plant. The results in Table 5 reported that the Pulp of cactus contains vitamin C
(35.6 mg/100g DW), vitamin B3 (0.48 mg/100g
#419:75/ -90 27-@:9:50= /:8;:?90= :2
DW), vitamin B6 (0.32 mg/100g DW) and vitamin
#<5/67C;1-<;?7;-90;117The growing interest in
B9 (0.25 mg/100g DW). While the peel contains vitpolyphenols results from their antioxidant potential,
amin C (27.3 mg/100g DW), vitamin B3 (0.26
which is involved in health benefits such as the premg/100g DW), vitamin B6 (0.19 mg/100g DW) and
vention of inflammation, cardiovascular dysregulavitamin B9 (0.11 mg/100g DW). Vitamin B12 (cotion and neurodegenerative diseases. Polyphenols
balophilin) is not found in both pulp and peel of cachave also proven anticancer activity [73].
tus. These results are similar to previous studies who

'
->>C-/50=-90=>1<:7=/:8;:=5>5:9=;1</19>:2;<5/67C;1-<:57=
Lipid Composition

Fatty acids

Sterols

Constituents
C12:0 Lauric acid*
C14:0 Myristic acid*
C16:0 Palmitic acid*
C16:1Palmitolic acid
C18:0 Stearic acid *
C18:1 Oleic acid
C18:2 Linoleic acid
C18:3 Linolenic acid
C20:0 Arachidic acid*
C22:0 Behenic acid*
C24:0 Lignoceric acid*
*
SFA
USFA
USFA/SFA
Ergosterol
Campesterol
Stigmasterol
Lanosterol
β-Sitosterol
Δ5-Avenasterol

pulp
0.42
0.21
14.82
0.16
4.09
12.80
52.38
12.30
0.77
1.34
0.71
22.36
77.64
3.47
39.44
4.86
3.36
47.2
5.14

Peel
0.95
1.22
15.76
0.40
4.15
12.55
50.31
12.24
0.71
0.93
0.95
24.65
75.35
3.06
0.75
29.18
2.54
2.18
61.4
3.95

*Total saturated fatty acids

'
*->1<=:7?.71@5>-859=/:9>19>=:2#<5/67C;1-<2<?5>-90;1171B><-/>=
Values
(mg/100g DW)

Vitamin contents
Vitamin C (Ascorbic acid)
Vitamin B3 (Niacin)
Vitamin B6 (Pyridoxine)
Vitamin B9 (Folic acid)
Vitamin B12 (cobalophilin)
Values are mean ± SD of three replicate analyses

#?7;
35.6
0.48
0.32
0.25
-
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'
#-9-7C=5=:2;419:75/-9027-@:9:50/:8;:?90=:2#<5/67C;1-<;?7;-90;1171B><-/>=
Conc. μg/mg DW
Compounds
pulp
peel
Pyrogallol
25.20
36.05
Quinol
9.67
61.62
Gallic acid
4.70
8.39
Catechol
53.91
32.25
"-Hydroxy benzoic acid
214.30
500.34
Caffeine
76.24
Chlorgenic acid
21.80
169.80
Vanillic acid
39.22
330.23
Caffeic acid
1.08
Syringic acid
1.71
43.91
Vanillin
26.45
15.83
"-Coumaric acid
6.18
16.56
Ferulic acid
11.34
256.92
Benzoic acid
462.72
1597.62
Rutin
32.20
45.98
Ellagic acid
179.77
1481.23
o- Coumaric acid
2.43
1.095
Salicylic acid
191.24
11.12
Cinnamic acid
1.31
17.20
7-@:9:50=/:8;:?90=
Myricetin
141.39
405.81
Quercitin
92.95
Rosmarinic acid
56.44
Neringenin
207.42
102.54
Kaempferol
29.02
48.90

absorbance as the DPPH radical received an electron
or hydrogen radical from an antioxidant compound
to become a stable diamagnetic molecule [78]. The
capability of DPPH reduction was determined by the
decrease in its absorbance at 517 nm, which is increased by antioxidants. Scavenging of superoxide
radical is important because it is one of the precursors of the singlet oxygen and hydroxyl radicals.
During oxidation reactions at a cellular level, superoxide radicals are normally formed first, and their effects can be magnified because they produce other
kinds of cell-damaging free radicals and oxidizing
agents [79]. The hydroxyl radical is an extremely reactive free radical formed in biological systems and
has been implicated as a highly damaging species in
free radical pathology, capable of damaging almost
every molecule found in living cells. This radical has
the capacity to join nucleotides in DNA and can
cause strand breakage, which contributes to carcinogenesis, mutagenesis and cytotoxicity [80].
The ethanolic extract of both pulp and peel cactus gave high antioxidant activity as compared with
ethyl acetate extract and the peel extract gave the
hight antioxidant activity than pulp extract. The
scavenging of DPPH radicals increased with increasing extract concentration from 40, 80, 120 and 150
μg /mL (Table 7). The IC50 value of ethanolic and
ethyl acetate extracts of peel cactus was lower than
pulp extract. IC50 values indicate the concentration

Data in Table (6) showed that the ethanolic extract of pulp and peel cactus contains 20 phenolic
compounds. The main constituent in pulp extract is
Benzoic acidfollowed by "-Hydroxy benzoic acid,
Salicylic acid and Ellagic acid. In addition, the main
constituent in peel extract is Benzoic acid followed
by Ellagic acid, "-Hydroxy benzoic acid, Vanillic
acid and Ferulic acid. In addition, the ethanolic extract of pulp and peel cactus contains a number of
flavonoids compounds such as myricetin, Quercitin,
Rosmarinic acid, Neringenin and kaempferol. Quercitin and Rosmarinic acid found only in peel extract.
Quercetin possesses antiproliferative, anticarcinogenic and antioxidant activities [74]. The peel extract
contains high concentrations of Myricetin. While the
pulp extract contains higher concentrations of Neringenin.
Cactus extract contains the main constituent being ferulic acid (34.8%), caffeic acid (2.6%) and vanillic acid occurring in small quantities (0.1%) [43].
These compounds vanillic acid and "-coumeric acid
are used as an antimicrobial agent [75]. Ferulic acid
can inhibit the photo-peroxidation of linoleic acid at
high concentrations and caffeic acid was found to
possess higher antioxidant activity [76, 77].

9>5:B50-9> -/>5@5>C :2 #<5/67C ;1-< ;?7;
-90 ;117 In DPPH scavenging assay, the antioxidant activity was measured by the decrease in
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which can play an important role in adsorbing and
neutralizing free radicals, quenching singlet and triplet oxygen, or decomposing peroxides [88]. Phenolic compounds in plants play a major role in their
antioxidant activities. The major secondary metabolites from plants are polyphenols, which are reported
to possess antioxidant and free radical scavenging
activity. Several studies have shown that polyphenols act as antioxidants by inhibiting free radicals
[89].
The reducing power capacity reflects the presence of an antioxidant for the reduction of ferricyanide ions [Fe(CN)6]3- to ferrocyanide ions
[Fe(CN)6]4-. This reducing property is generally associated with the presence of a reducer exercising an
antioxidant action by breaking the free radical
chains; yielding and hydrogen atom [89]. The ethanolic extract of both pulp and peel cactus gave high
reducing power activity than ethyl acetate extract
and the peel extract gave high reducing power activity than pulp extract (Table 7). The ethanolic extracts
of prickly pear peels may act as electron donors and
could react with free radicals to convert them into
more stable products and then terminate the free radical chain reactions. The peel extract contains high
phenolic compounds than pulp extract (Table 3).
Therefore, the antioxidant activity is well correlated
with the amount of phenolics constituent found in the
extract. Therefore, phenolic compounds of prickly
pear peels are good electron donors and could terminate the radical chain reaction by converting free
radical to more stable products [51].

of the test sample required to inhibit 50% of the free
radicals. The IC50 value is a parameter widely used
to measure the free radical scavenging activity; a
smaller IC50 value corresponds to a higher antioxidant activity [81].
The antioxidant effects are due to the major flavonoids encountered in cactus fruits. Flavonoids are
more efficient antioxidants than vitamins, since phenolic compounds are able to delay pro-oxidative effects in proteins, DNA, and lipids by the generation
of stable radicals [82]. Polyphenolic compounds in
 &$   have been shown to induce a hyperpolarization of the plasma membrane and to raise
the intracellular pool of calcium in human Jurkat Tcell lines [83]. Also, health beneficial effects of cactus polyphenols might be conditioned by their antioxidant and radical scavenging activities. For instance, gallic acid, largely found in cactus flowers,
exhibits high antioxidant activity responsible for its
ability to reduce DNA damage and to buffer free radicals [84, 85]. In addition, the ethanol extract of the
stem of "& %&$ was found to be potential in protecting plasmid DNA against the strand
breakage induced by hydroxyl radicals. The ethanol
extract was determined as containing a high amount
of phenolic compounds responsible for antioxidant
activity of the extract [86]. As the concentration of
phenolic compounds or the degree of hydroxylation
of the phenolic compounds increases DPPH radical
scavenging activity increases, and with it antioxidant
activity [87]. The antioxidant activity of phenolic
compounds is mainly due to their redox properties,


'
9>5:B50-9>-/>5@5>C:2#<5/67C;1-<;?7;-90;1171B><-/>=-3-59=>##81>4:0
pulp
peel
DPPH
%
in
DPPH
%
in
ethyl
DPPH
%
in
DPPH % in
Conc. (μg/ml)
ethanolic
acetate
ethanolic
ethyl
extract
extract
extract
acetate extract
40
55.05
50.29
59.79
55.91
80
63.40
51.20
66.8
58.58
120
68.69
56.63
70.44
60.49
150
74.77
61.11
76.44
61.59
25.75
39.77
20.45
35.77
IC50 (μg/ml)
Reducing power activity
12.58
8.42
20.53
15.19
(μg Gallic acid /100g DW)

'
9>585/<:.5-7-/>5@5>51=:2#<5/67C;1-<;?7;-90;1171B><-/>=-3-59=>=171/>10.-/>1<5-7=><-59=
-902?93?=
Inhibition zone (mm)*
Samples
Gram positive bacteria
Gram negative bacteria
Fungus
&#&$
#&$
!
%("&#&  #
 $
Pulpethanolic extract
17.26±0.19 10.13±0.11 12.20±0.16
12.14±0.19
5.48±0.13 6.45±0.10
Pulpethyl acetate extract 13.06±0.27 9.25±0.18 10.32±0.10
9.28±0.08
3.12±0.06 4.45±0.08
Peel ethanolic extract
19.35±0.34 13.46±0.22 14.35±0.41
13.82±0.33
6.18±0.14 8.20±0.13
Peel ethyl acetate extract 15.14±0.41 9.68±0.24 11.17±0.18
11.32±0.14
4.53±0.11 5.70±0.17
Values are mean ± SD of three replicate analyses


1553

%$

" &     







 " #!"!


'
9>5/-9/1<-/>5@5>51=:2#<5/67C;1-<2<?5>-90;1171>4-9:75/1B><-/>=
Concentrations
(μg/ml)
500
1000
1500
2000
3000
IC50 (μg/ml)

Liver cell line (HepG2)
Viability %
pulp
Peel
91.5
100
79.7
90.5
57
81
50.6
74
43
66
18.3
50.3

Colorectal adenocarcinoma (Caco-2)
cell line Viability %
pulp
Peel
98.8
98
97.6
92.8
82.6
88.4
74
78
69
72
120
170

Breast cell line (MCF-7)
Viability %
pulp
Peel
100
100
88.6
98
82.8
95
75
81.5
70.4
79
400
790

complexes with the nucleophilic amino acids of proteins which leads to their inactivation. Flavonoids
lacking hydroxyl groups on there β-rings are more
active against microorganisms than are those with
the two OH groups; this finding supports the idea
that their microbial target is the membrane. It has
been shown that phenolic alcohols (thymol, carvacrol, eugenol) are the strongest inhibitors of enzymatic processes. This is attributed to its lipophilic
characteristic and its free OH groups [95]. Some
fungi secrete hydrolytic enzymes that diffuse into
host cells prior to the advance of microorganisms,
which can be inhibited by free radicals of oxidized
phenols that function as nonspecific inhibitors; such
as tannins, cyanidin, delphinidin and malvidin anthocyanindins [95]. Sterols have been reported to account for the exertion of antimicrobial activity by
plants containing them. The presence of these sterols
may contribute to the good antibacterial activity.
Also, the mode of antimicrobial action of tannins
may be related to their ability to inactivate microbial
adhesions, enzymes, and cell envelope transport proteins, they also complex with polysaccharide [95].
The Gram positive bacteria isolates were found
to be more susceptible to the inhibitory action of the
pulp and peel extracts than the Gram negative bacteria isolates. This was due to the presence of an extra
outer membrane in Gram negative bacteria, which
contains lipo-polysaccharide that make the cell wall
of the bacteria impermeable to extract. Similar inhibitory activity of extracts against Gram positive bacteria was reported by Durgesh and Tumane [96].

9>585/<:.5-7 -/>5@5>C :2 #<5/67C ;1-< ;?7;
-90;117The antimicrobial activity of Pricklypear
pulp and peelextracts varied according to the species
of bacteria and fungi tested and the solvents used
(Table 8). The data indicate that the ethanolic extract
of pulp and peel of cactus exhibited the highest activity against the investigated food pathogens as
compared with the ethyl acetate extract. In addition,
peel extract produced potent antimicrobial activity
as compared with pulp extract. All extracts of pulp
and peel cactus showed high antibacterial activity
(The diameter of zone of inhibition increased)
against %"(!!&$&#&$  $#!
than &$ #&$ and !  %("&#&.
Also, ethanolic and ethyl acetate extract gave high
antifungal activity against    $ than
$"#&$ #. These results are in accordance
with [90]who reported that the antibacterial activity
of methanol, ethanol, chloroform extracts of cladodes and skin fruit extracts of "& %&$ 
have demonstrated greater antibacterial activity
against both gram positive and gram negative bacteria. The antibacterial activity might be due the presence of various bioactive constituents in the extracts.
The antibacterial potency of peel extract may
be due to the presence of many potent compounds
such as sterols, flavonoids, tannins, phenolics and alkaloids as shown in Table (3). Phytochemicals are as
antimicrobial compounds, have made great contribution for quick and effective management of plant disease and microbial contamination in several agricultural conditions [91]. Alkaloids were present in in
Cactus ("& %&$ ) and may be responsible for the good antibacterial activity. The antibacterial activity that they exhibited against the three bacterial species; #$ $, !and %#!
"$These active compounds in these plants could
find place in treatment of various bacterial infections
in poultry where they can be used as alternatives to
conventional antibacterial drugs [57]. Also, the antimicrobial activity of flavonoids may be due to their
ability to complex with extracellular, protein and
bacterial cell wall while that of tannins was explained by their ability to inactivate microbial adhesions, enzymes and cell envelope.In addition,phenolic compounds have been shown to inhibit enzymes by reacting with the sulfhydryl groups of
amino acids [92]. Flavonoids and tannins form

9>5/-9/1<-/>5@5>C:2#<5/67C;1-<;?7;-90
;117Data in Table (9) showed that the cytotoxic activity of Prickly pear pulp and peelas an anticancer
agent. The percentage of Liver cell line (HepG2),
Colorectal adenocarcinoma (Caco-2) and Breast cell
line (MCF-7) viability was decreased with increasing the concentrations of the ethanolic extract of pulp
and peel cactus (500, 1000, 1500, 2000, 3000
μg/ml). The most pronounced reduction in the viability of cancer cells was detected after treatment
with pulp extract than peel extract. The high concentrations of ethanolic extract of pulp and peel cactus
caused the high reduction in the viability of cancer
cells especially in Liver cell line (HepG2). Cancer is
often associated with increased risk of death and the
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skin as an emollient and antioxidant and for hydration and its antitumor activities [105]. 
In addition, 27 compounds were identified in
the ethanolic extract of the Prickly pear peelby GCMS analysis. The active principles with their retention time (RT) molecular formula, peak area and %
of peak area are present in Table (11) and Fig. (2).
The prevailing compounds were 7-Methyl-7-(1methylethenyl)-2-phenylbicyclo[4.2.0]oct-1-ene, γTerpinene, 1-Chloro-3-methyl-1-pentyn-3-ol, 4amino-3,5-bis(dimethoxymethyl)-4H-1,2,4-triazole,
1-methyl-8-isopropyl-Tricyclo undeca-4,9-diene3,6-dione, 2-Cyclohexylpropan-1-ol, 1,4-Cyclohexanedione, N-Acetyl-L-proline, 4-Methylhex-4-en-1ol, Naphthalene, 2,2-Dimethylcyclohexanone, 3-Isopropenylthiophene, 1; 3'-Azido-3'-deoxythymidine,
Ethyl 4-oxo-8-methyldecanoate, 3-Phenyl-1-pentene-3-yne, 1-Methyl 5-Methyl-imidazolecarboxylate,
Trans-beta-Methylstyrene,
3,4-Bis(hydroxymethyl)furan, [Ethyl(methyl)seleno]-sulfenate, (1'-propenyl)thiophene, 2-Pentyl-3-methyl-2cyclopenten-1-one, 4-Vinyl-1-methyl-3-oxabicyclo
hexane, 2,4,4-trimethyl-3-vinylcyclopentanone, 1Morpholino-1-cyclopentene, 2,4-DI-Tert-butylphenol, Thymol and cis-Chrysanthenyl acetate.
Thymol detected in peel extract and not found
in pulp extract. Similar results are reported by
Moosazadeh et al. [106] analysed the chemical composition and antifungal activity of "& % $%#%
fruit essential oil. Nineteen compounds were identified in the oil by Gas Chromatography-Mass Spectrometry (GC-MS), with thymol (42.7%) as the dominant component with antifungal activity against
  $ at low (2.5 to 40 mg/mL) concentrations, which was attributed to the high content of
thymol. Also, terpenes are detected by GC- mass in
the ethanolic extract of peel. These results are similar
to Ammar et al. [107] found that the hexane extracts
from "& % &$  and  $%#% inhibited
both fungi $"#&$ # and  "!(%.
Chemical composition of hexane extracts analysed
by GC-MS, revealed the presence of secondary metabolites belonging to carboxylic acids (28–97%),
terpenes (0.2–57%), esters (0.2–27%) and alcohols.


"!(&"!

toxic side effects caused by the modern medicine.
These results are in accordance with others who concluded that prickly pear cactus effectively inhibited
cell growth in several different immortalized and
cancer cell cultures   '%#! and suppressed tumor
growth. The pear extracts significantly suppressed
tumor growth in nude mice [97]. The anticancer effect of ethanolic extract may be due to presence of
polyphenols that play an important role in antioxidant activity [98] and have evidently shown antiproliferative activity or cytotoxicity in human oral cancer cells, melanoma cells [99, 100] and lung metastasis induced by B16F10 melanoma cells [101].
Also, the ethanolic extract contains gallic acid
also exerts a cytotoxic activity against tumoral cells
from leukemia, lung and prostate cancer origins. In
addition, sterols were found to inhibit tumor promotion in two-stage carcinogenesis in mice [102]. Cactus pear does alter the expression of certain genes related to cell growth and apoptosis. Quercetin is one
of the components of cactus pear extracts [97]. Herzog et al., [103] suggested that quercetin might be
one of the active compounds responsible for the anticarcinogenetic and apoptosis-induction effects of
cactus pear extracts.
8-==-9-7C=5=:2#<5/67C;1-<;?7;-90
;11731 compounds were identified in the ethanolic
extract of Pricklypearpulpby GC-MS analysis. The
active principles with their retention time (RT) molecular formula, peak area and % of peak area are
present in Table (10) and Fig. (1). The prevailing
compounds were Cyclodeca[b]furan-2(3H)-one, 9(acetyloxy)-3a,4,5,8,9,11a-hexahydro-4-hydroxy-6,
3-Amino-5-methylthio-1H-1,2,4-triazole, Ethyl 1fluoro-2-methylenecyclopropane-1-carboxylate,
Limonene, α-Terpinolene, 4-Methyl-4-hexen-1-ol,
Naphthalene, Ropivacaine, Ethyl 4-oxo-8-methyldecanoate, H-Indole-2-methanamine, 5-methyl-1,
2,4-Di-tert-butylphenol, α-methyl-p-isopropyl hydrocinnamaldehyde, 4,4,5,5-Tetramethyl-2-phenyl1,3,2-dioxaborolane, 1-Morpholino-1-cyclopentene,
(2-Decyl)benzene, Dicinnamamide, α- Methyl-4-(2methylpropyl) benzeneacetaldehyde, Benzamide, 4ethyl-N-allyl, 4-Ethylbenzylamine, N,N-diheptyl-,
2- Phenylundecane, 1,2,4-Tributylbenzene, Disiloxane, 1,3-bis(1,1-dimethylethyl)-1,1,3,3-tetramethyl, Dodecylbenzene, Tetraethylbenzene, Indolin-2one, 1-methyl-3-t-butyl-, 1-(2'-Iodophenyl)-2-propanone, Ambrosiol (8,9-dihydroxy-6,9a-dimethyl3-methylidene-decahydro-azuleno[4,5-b]furan2(3h)-one), Calcitriol, Squalene and Gamma.-Sitosterol. These bioactive components which may possess several pharmacological properties. Squaleneis
one among the compounds of the present study.
Squalene possesses chemo-preventive activity
against the colon carcinogenesis [104]. In addition,
Squalene is the main component of skin surface. Polyunsaturated lipids show some advantages for the

This research is following a trend to effectively
identify various compounds found in the ethanolic
extract of pulp and peel cactus and find its prophylactic role in designing and developing pharmacological drugs with less side effects. '%#! investigations in the present study provide substantial evidence that cactus peel; an inedible waste product is a
potent source of antioxidant, antimicrobial agent and
anticancer activity thereby indicating its use as a
value-added component for functional.
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No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Peak name
Cyclodeca[b]furan-2(3H)-one, 9-(acetyloxy)-3a,4,5,8,9,11a-hexahydro-4-hydroxy-6
MW: 306.358
3-Amino-5-methylthio-1H-1,2,4-triazole
MW: 130.17
Ethyl 1-fluoro-2-methylenecyclopropane-1-carboxylate
MW:144.144
Limonene
MW: 136.238
α-TERPINOLENE
MW: 136.23
1,4-Cyclohexanedione
MW:112.13
4-Methyl-4-hexen-1-ol
MW: 114.186
Naphthalene
MW: 128.174
Ropivacaine
MW: 274.4054
Ethyl 4-oxo-8-methyldecanoate
MW: 228.332
1H-Indole-2-methanamine, 5-methylMW: 174.24
2,4-Di-tert-butylphenol
Mw: 206.32
α-methyl-p-isopropyl hydrocinnamaldehyde
MW: 190.281
4,4,5,5-Tetramethyl-2-phenyl-1,3,2-dioxaborolane
MW: 104.073
1-Morpholino-1-cyclopentene
MW: 153.22
(2-Decyl)benzene
MW: 218.384
Dicinnamamide
MW: 174.24
α- Methyl-4-(2-methylpropyl) benzeneacetaldehyde
MW: 190.286
Benzamide, 4-ethyl-N-allyl
MW: 189.258
4-Ethylbenzylamine, N,N-diheptylMW: 331.588
2- Phenylundecane
MW: 232.411
1,2,4-Tributylbenzene
MW: 246.438
Disiloxane, 1,3-bis(1,1-dimethylethyl)-1,1,3,3-tetramethylMW: 246.5370
Dodecylbenzene
MW: 246.43
Tetraethylbenzene
MW: 190.324
Indolin-2-one, 1-methyl-3-t-butylMW: 203.280
1-(2'-Iodophenyl)-2-propanone
MW: 260.074
Ambrosiol (8,9-dihydroxy-6,9a-dimethyl-3-methylidene-decahydro-azuleno[4,5-b]furan-2(3h)-one)
MW: 266.337
Calcitriol
MW: 416.646
Squalene
MW: 410.7180
Gamma.-Sitosterol
MW: 414.718
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Formula

Retention
time

Peak
area

% Peak
area

C17H22O5

3.673

167134.3

0.71

C3H6N4S

4.398

770234.75

3.88

C7H9FO2

5.565

61206.88

0.2

C10H16

5.831

99463.99

0.33

C6H12

6.475

140495.77

0.47

C6H8O2

8.158

152331.62

0.5

C7H14O

8.4

170527.57

0.56

C10H8

8.674

188832.28

0.63

C17H26N2O

8.955

38288.47

0.13

C13H24O3

10.051

341518.62

1.13

C11H14N2

10.341

228042.57

0.76

C14H22O

15.1

103419.73

2.13

C13H18O

15.543

438959.59

1.45

C12H17BO2

15.768

453023.61

1.5

C9H15NO

16.05

348351.12

1.51

C16H22

16.203

1007758.8

3.34

C11H14N2

16.445

100062.47

0.33

C13H18O

16.557

731101.47

2.42

C12H15NO

16.718

1247208.27

4.13

C23H21N

16.96

1330485.85

4.41

C17H28

17.379

2354613.91

18.39

C18H30

17.661

1611935.21

5.34

C12H30OSi2

17.717

1496295.44

4.96

C18H30

18.095

1292006

11.35

C14H22

18.748

1598155.42

5.29

C13H17

18.828

1031238.25

3.42

C9H9IO

18.973

758398.95

2.51

C 15H22O4

22.275

305929.76

1.01

C27H44O3

25.665

49114.01

0.54

C30H50

32.333

3084411.66

10.22

C19H50O

40.354

1770579.18

6.45
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No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Peak name
7-Methyl-7-(1-methylethenyl)-2-phenylbicyclo[4.2.0]oct-1-ene
MW: 238.374
γ-Terpinene
MW: 136.2340
1-Chloro-3-methyl-1-pentyn-3-ol
MW: 132.588
4-amino-3,5-bis(dimethoxymethyl)-4H-1,2,4-triazole
MW: 232.237
1-methyl-8-isopropyl-Tricyclo undeca-4,9-diene-3,6-dione
MW: 229.196
2-Cyclohexylpropan-1-ol
MW: 142.242
1,4-Cyclohexanedione
MW: 112.128
N-Acetyl-L-proline
MW: 157.17
4-Methylhex-4-en-1-ol
MW: 114.188
Naphthalene
MW: 128.174
2,2-Dimethylcyclohexanone
MW: 126.199
3-Isopropenylthiophene
MW: 124.203
1; 3'-Azido-3'-deoxythymidine
MW: 267.245
Ethyl 4-oxo-8-methyldecanoate
MW: 228.332
3-Phenyl-1-pentene-3-yne
MW: 142.201
1-Methyl 5-Methyl-imidazolecarboxylate
MW: 141.11
Trans-beta-Methylstyrene
MW: 118.179
3,4-Bis(hydroxymethyl)furan
MW: 118.179
[Ethyl(methyl)seleno]-sulfenate
MW: 154.96
(1'-propenyl)thiophene
MW: 124.201
2-Pentyl-3-methyl-2-cyclopenten-1-one
MW: 166.26
4-Vinyl-1-methyl-3-oxabicyclo hexane
MW: 121.238
2,4,4-trimethyl-3-vinylcyclopentanone
MW: 153.245
1-Morpholino-1-cyclopentene
MW: 153.22
2,4-DI-Tert-butylphenol
MW: 206.329
Thymol
MW: 150.221
MW: 194.274
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Formula

Retention time

Peak area

% Peak area

C18H22

2.578

267652.55

10.55

C10H16

3.633

18161.96

0.72

C6H9ClO

3.931

7653.95

0.71

C8H16N4O4

4.301

401388.9

15.82

C15H20O2

7.087

27265.99

1.31

C9H18O

7.595

42669.38

1.68

C6H8O2

7.675

31798.07

1.25

C7H11NO3

8.134

80597.37

3.18

C7H14O

8.335

120628.71

4.75

C10H8

8.625

126462.29

6.55

C6H14O

8.915

64592.91

2.55

C7H8S

9.173

9354.28

0.37

C10H13N5O4

9.672

20169.76

0.79

C13H24O3

10.018

129008.79

5.08

C11H10

10.332

42629.14

1.68

C6H9N2O2

10.654

7513.51

0.3

C9H10

11.089

15434.68

0.61

C6H8O3

11.17

28588.72

1.13

C3H7SeS

11.25

84956.87

4.21

C7H8S

11.717

29120.59

1.15

C11H18O

12.023

15534.82

0.61

C9H13

12.168

36071.48

2.35

C10H17O

12.539

153717.38

6.06

C9H15NO

13.505

11813.41

12.17

C14H22O

15.1

25791.65

1.02

C10H14O

16.243

260939.62

10.28

C12H18O

16.718

79747.83

3.12
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The influence of different drying methods on
chemical and physical characteristics of date palm
     L. cv. Medjool) fruits was assessed. Drying methods were natural(control), sun,
fan, and forced warm air.Fruit moisture content prior
drying ranged between 30 and 60%. Fruit from natural dryinghad lighter color, lower firmness and optimal moisture content (23-25%) ,compared to the
other treatments. Additionally, phenolic compounds,
fructose, sucrose and mineral content from natural
drying were significantly higher than those from
other treatments,except for potassium concentration. Overall,the natural drying method was the best
method for ‘Medjool’ date compared to the other
three treatments.

Date palm growers adopted various drying
practices; such as field solar drying,forced air drying
and blown-forced warm air (at about 35 ºC). The last
two methods are performed under greenhouse conditions [4,5].In arid lands, drying of the ripened fruit
is done by spreading the fruits on trays before exposure to sun. Due to the fluctuation in temperature
(day-night) and relative humidity during ripening
months (September-October), products of sun drying are inconsistent and usually require longer drying time than the other methods. Fruit drying under
greenhouse condition can be used at a reasonable
cost to reduce fluctuations in temperature and humidity and control dust, contamination by microbes,
birds and rodents [6]. However, we are not aware of
any study that has assessed the influence of different
drying methods on date palm 'cv. Medjool' fruit quality. Therefore, the objective of this study was to evaluate the effect of four drying methods on quality
characteristics (physical and chemical properties) of
date fruits(cv. Medjool) to get high quality ones for
local consuming and marketable commodity abroad.


)(!$%
Firmness, Phenolic compounds, Fruit color, Minerals,
Sugar composition



 &$!'&! 

Date fruits are widely available in the global
market, mainly on the dried and matured Tamer
stage (moisture content of 20-25%) [1]. Date palm is
a high value crop and is considered as a rich source
of fibers, minerals, and phenolic antioxidants such as
tannin [1,23]. Fruit drying process has become requisite to make date fruits available all year around
and at places where they are not being produced
[2,23]. In fact, fruit drying decreases packaging, handling and transportation requirements and costs [2].
There is an increasing need to produce high quality
date fruits and at competitive cost, which urge growers to develop several management practices including fruit drying techniques, taking into consideration
that physical, sensory, nutritional, and microbiological characteristics are affected by the drying process
[2, 3, 23].

&$% &!%

%=>-B%2=.The study was conducted at Altamereen farm, Jordan Valley, Jordan (40.594822°N;
111.971849°W) which is considered as an arid area
during the months of September-October, 2016.
Drying sites were two units; field and greenhouse.
Field unit was covered with polyethylene mesh
(shade 25%) to reduce the direct sun injury. Greenhouse unit was equipped with fans and heating system (at ~ 36 °C) in which warm air was forced to use
large fans. Day and night temperatures and relative
humidity during the study period (field and greenhouse) were monitored and recorded as shown in
Figure 1.
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%,1.6*=2,-2*0;*68/=1.-;B27018><.@1.;./8;,.-@*;6*2;=;.*=6.7=@*<,*;;2.-8>=
%*695270 ";8,.->;. *7- &;.*=6.7= Sampling of date fruits(     L.) cv. Medjool was at the maximum ripening stage (mid of
September). Four different drying treatments were
applied; natural drying (control), sun, fan, and forced
warm air drying. Ripened fruit samples were initially
sorted according to their moisture contents, where
23-25% moisture contents was considered as naturally dried treatment (control), while those with
higher moisture contents (30-60%) were kept for further drying treatments. Naturally dried treatment
(control) harvested after the fruit has undergone the
process of ripening and drying on the palm's tree.
Fruits to be treated were spread in one layer in specialized plastic baskets (30 x 50 cm) placed across

the experimental sites. For the sun drying, samples
were left in the baskets under polyethylene mesh
(shade 25%) for 3 to 4 weeks until fruit moisture
dropped below 25% ( 15th September to 10th October).
Fan drying process was performed under greenhouse conditions between 15th to 30th September
(10 to 14 days) using fans (2.2kW, 290 m3/min, Fei
Hong, China). Forced warm air was conducted in the
same greenhouse when the outside (field) night temperatures dropped below 30 ºC and relative humidity
was above 40% (1st-10th October) (Figure 1). For
forced warm air process, the drying system (Figure
2) incorporates a central heating system that comprises water boiler (1) (Motan, manufactured by
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The 2,2-Diphenyl-1-pricrylhydrazyl (DPPH)
free radical scavenging activity was determined as
described by Williamset al.[9] and Alsmairat et al.
[10]. About 0.2 ml of absolute ethanol solution and
0.5 mg/ml of DPPH were mixed with different volume of crude extract (0.1-1.0 mL) and the mixture
was brought to a total volume of 4.0 ml with the corresponding extracting solvent. The content was
mixed thoroughly and allowed to stand for 45 min in
the dark. The absorbance was measured at 515 nm
using spectrophotometer (Bio-Rad SmartSpec 3000
Spectrophotometer Biorad,Christiansburg,Virginia,
USA). The radical scavenging activity of the extract
was expressed as percentage inhibition according to
the following formula [11]:
Inhibition % = [(abs. of control - abs. of sample)/abs. of control]*100.
Antioxidant factor IC50(half maximal inhibitory) is defined as the concentration of extract
(mg/ml) needed to scavenge 50% of the DPPH radical and it is calculated from their concentration-response curves. Sugar composition (fructose, glucose, sucrose) was determined using Langemeier
and Rogers[12] procedure. Date samples (5 g) were
added to 100 ml ethanol (70%). The samples were
homogenized in a homogenizer (Ultra turex mixer,
Type 25, Germany) for 5 min at 15,000 rpm and then
sonicated for 15 min at 45°C. Then, samples were
filtered using 0.45 μm nylon membrane (Whatman
filter no. 1) and sugar components were determined
using HPLC (C18 column and ACME 9000 RI detector).
For mineral determination, dried, ground date
fruits (5 g) of the treated samples were digested according to the procedure Zheljazkovet al.[13].
Twenty fivemilliliters of 70% concentrated nitric
acid and 2 mL of 30% hydrogen peroxide were
added to the mixture, covered with a watch glass and
left at 60 °C in water bath until dryness was reached.
The samples were then cooled and washed with distilled water before filtration through Whatman filter
paper no. 41. The beaker containing the digested
sample was rinsed and the volume washing solution
was adjusted to 10 ml. The analytical determination
of minerals was carried out using an inductively coupled plasma optical emission spectrometer equipped
with a 40.68 MHz operating frequency generator,
1,800 L l mm-1 t 67 holographic grating that allows
for a wide range analysis from 160 - 800 nm and up
to 6 pm resolution. This method meets the
EN655011, IEC801-2, IEC801-3 and IEC801-4
EMC standards. The conditions for the operation of
the instruments used were as follows: RF power:
1200 W; nebulizer gas flow: 0.5 L min-1; aux gas
flow: 0.5 L min-1; PMT voltage: 500 V. The ICPOES calibration was carried out by external calibration with the blank solution and four working standard solutions (0.1, 1.0,

KOBER group (Romania)), with a burner working
on liquefied gas. This boiler heats water to a specified temperature (70-85 oC) controlled by a thermostat. The hot water is pumped by a circulating pump
into a storage tank (2). Using another low speed circulating pump (3), hot water is circulated between
the storage tank and a locally fabricated water- air
heat exchanger (4) (of 22 m2 heat exchange capacity)
located inside the drying house (5). Atmospheric air
outside the drying house is drawn by two tube–axialflow fans (6) (3kW, 24500 m3/min, Fei Hong, China)
through the heat exchanger toward the dates to be
dried, which are arranged in multi-shelf perforated
trays (7). Another two air circulating tube-axial-flow
fans (8) (2.2kW, 290 m3/min, Fei Hong, China), located at both ends of the drying house, direct the air
through dates shelves and out of the drying house
through outlet opening.
Forced warm air drying process require 4 to 7
days to be completed (moisture content < 25%). Following the drying processes, three samples (3 fruits/
sample) were collected randomly from each treatment and sent to the School of Agriculture at the
University of Jordan/ Amman-Jordan for analyses.

;>2= 1.62,*5 *7- "1B<2,*5 ";89.;=2.<
Fruit chemical (moisture content, total soluble solids, flavonoids, free radical scavenging activity, and
sugars) and physical (color and firmness) properties
were determined on the treated (dried) and control
fruits. Fruit moisture content and total soluble solids
(°Brix) were determined following procedure. Fruit
fresh and dried weights were determined before and
after oven drying at 65 - 70 °C for 2 days. Total soluble solids (°Brix) were determined by mixing 10
mL distilled water and 10 g of fruit samples, then the
mixture was grinded using a mortar and pestle. Samples were then filtered using cheese cloth and the total soluble solid was determined using a hand refractometer (CETI, Abbe, Belgium). Water activity was
measured using a water activity meter (Novasina
RTD-200, TH-2, Tustin CA).
Phenolic compounds extract were determined
according to the method of Biglariet al.[7] as follows: 300 mL of methanol/water (4:1, v/v) was
added to 100 g of fleshy fruit, the mixture was
blended for 3 min and placed on orbital shaker (S162Shel lab/USA) for 5 h at room temperature. The
analysis of phenolic compounds were determined
following the procedure of Odehet al.[8].Date palm
excract was measured using High Performance Liquid Chromatography system HPLC (Knauer, Advanced Scientific Instruments, Berlin, Germany) and
C18 column (NUCLEODUR 100-5 C18;NH2-RP
(EC 250/4.6)-Macherey-Angel- Germany).RI detector (ACME 9000, Young Lin instruments Co. Ltd.
Kyounggi-do, South Korea) was sused for detection
of the phenolic compounds at 280 nm.
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1.62,*5*7-91B<2,*59;89.;=2.<8/.-3885-*=./;>2=<-;2.-+B-2//.;.7=6.=18-<
Color
Drying
process

Fresh
weight

Dry
weight

Moisture %

Water Activity

L*

C*

h

Total soluble solids
(oBrix)

Firmness
(N)

Control
1.87±0.32a
1.37±0.25b
25.2±0.43a
0.55±0.03a
33.40±2.5a
5.15±1.2a
56.9±3.3a
61.7±1.4c
36.5±0.1c
(natural)
Sun
2.67±0.59a
2.27±0.59a
13.97±2.11c 0.49±0.01b 28.10±0.6bc 4.47±0.4a
36.0±2.3c
67.7±1.5b
72.0±1.1a
71.0±3.5ab
60.2±1.5b
Fan
1.87±0.21a 1.51±0.15ab 18.22±0.45b 0.54±0.02a 30.20±1.7ab 4.62±1.4a 39.3±1.7bc
Forced
warm
1.93±0.55a 1.83±0.55ab
6.13±0.70d
0.48±0.01b
26.93±1.6c
5.43±1.4a 42.7±1.8b
75.0±2.2a
74.1±4.9a
air
The data are means ± SD. Different letters within the same column are significantly different by Duncan’s multiple range test (p<0.05).

moisture content below this level led to fruit shrinkage during drying and negative changes in physical
properties of fruits such as, firmness, color and total
soluble solids [18]. It is demonstrated that the moisture content of control fruit (drying while on tree)
was higher than other drying methods; 80, 38, and
31% more than sun, fan and forced warm air, respectively. Therefore, control (natural method) had the
optimal moisture level compared to the other three
drying methods. The color coordinates L* represents
color lightness, C* represents darkness level and h is
the hue angle between red and yellow. Color analysis
(L*) revealed that fruits from natural drying were
lighter than those from sun and forced warm air
methods (Table 1). In addition, the hue angle (h)
showed that natural method had a wider angle (closer
to yellow) when compared to sun, fan and forced
warm air.
Total soluble solids, color, firmness, nutrient
concentration, phenolic compound levels and moisture content are the most important qualitative characteristics of date palm fruit [1]. Forced warm air
method had higher total soluble solids (ºBrix) and
firmness than the natural drying (Table 1) method.
This higher total soluble solid could be because
forced warm air had less moisture content than the
natural drying method (6.13% vs. 25.2%, respectively) and the important role of water as binding
agent in foods. However, higher firmness readings
could reduce the market value of date fruit.
Boubekriet al.[19] found that date fruit dehydrated
using solar method had higher quality than those
dried using industrial heat treatment units. Given
that natural drying is the only process that have
moisture content within the recommended levels and
fruit color and firmness values were better than sun,
fan and forced warm air, it is believed that natural
method is the best technique in terms of fruit color
appearance and firmness.
Phenolic compounds include flavonoids levels
in fresh and dehydrated date palm fruit are controversial in literature. Mechlouch [15] found that polyphenols include flavoinoids increased in dried samples compared to fresh ones. The total flavonoid content in three dry date palm cvs. Solleg,Sukkari and
NaboatSaif were lower than in the fresh fruit [20].

2.5 and 5 ppm) for Cd, Ni, Pb, Co, Cu, Sr, B, Zn, Mn
and Cr and (5, 10, 20 and 50 ppm) for Na, K, Fe, Al,
Ca and Mg, starting from 1000 ppm authenticated
stock solutions (Certipur, Merck, Germany).
Fruit color was determined as an average of
three equatorial readings for each fruit using a Chromometer (R-400, Konica Minolta, Ramsey, NJ,
USA). Fruit color coordinate L*, C*, h were used
[14]. Fruit firmness (defined as resistance of elastic
material to the applied force) was determined on dehydrated fruit using non-destructive digital firmness
tester (Zone Industrielle, 76440 Forges Les Eaux,
France).

%=*=2<=2,*57*5B<2<*7-;*91270Statistical
analysis was performed using SAS software (Version 9.1 for Windows; SAS Institute, Cary, NC). Sigmaplot (Version 10.0 for Windows; Systat Software,
San Jose, CA) was used to plot graphs of the results.
Four treatments and three date palm samples (replicates) were used for the physical and chemical assessments of fruits. Three subsamples were used per
replicate. The analysis of variance (One-Way
ANOVA) and the least significant difference(LSD)
tests (P < 0.05) in SAS were used to identify differences between drying methods.


$%'&% %'%%! 

Drying process is critical for better date palm
fruit storage and marketing, as this process potentially have impacts on the fruits’ chemical and physical properties such as, moisture content, pH and
acidity [15, 16, 23]. In this study, drying process significantly affected the physical and chemical properties of fruits (Table 1). At the beginning of drying
process, fruit fresh weight was similar across the
treatments. However, control fruit (natural drying)kept higher moisture percentage and water activity than the sun, and forced warm air methods at the
end of drying procedure. For better marketing accompanied with long lasting storage, moisture content of date palm fruit should range from 23 to 25%
[17]. It was postulated however, that decreased
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Data are means ± SD. Different letters within the same flavonoid are significantly different by Duncan’s multiple range test
(p<0.05), n = 3.


Figure 3 shows the mean separation for fruit phenolic acids as affected by drying methods. During
the study period, natural drying methods significantly (P< 0.05) and consistently had higher phenolic;coumarin, vanillic acid, caffeic acid, vernolic
acid, p-hydroxybenzoic acid and gallic acid than
other drying methods tested. However, sun, fan and
forced warm air results were inconsistent across the
testedphenol. For example, fan drying had lower
coumarin and p-hydroxybenzoic acid than forced
warm air method, whereas, the later method had
lower vanillic acid and caffeic acid than the former
method (Figure 3). In addition, antioxidant factors
(IC50) using natural and fan method was lower than
those by sun and forced warm air drying methods
(Figure 4).
Sugar profile analysis revealed that fructose
was the most abundant component of total sugar
(Figure 5). No significant difference was found in
glucose concentration between different drying
methods (Figure 5). Interestingly, natural drying had
higher fructose than sun and forced warm air and
higher sucrose than sun and fan methods.
Date palm fruit has a high and varied level of
minerals due to the fact that palm tree has the high
bioaccumulation capability [21, 22]. In this study,

sun, fan and forced warm air drying reduced mineral
concentrations in palm-dates than the natural drying
methods, except for potassium (K) (Table 2). Although, no study clearly explained why mineral concentration in fruits dehydrated naturally on trees are
higher than those dehydrated using artificial dryers,
we believed that traditional and mechanical drying
(sun, fan and forced warm air) of dates followed by
subsequent postharvest procedures, particularly sun
drying, might cause mild to severe surface injuries
which may lead to water and mineral loss by syneresis during harvesting, storage and mostly through
sun drying. Additionally, microbial contamination
and growth of molds (particularly    species) with subsequent fermentation bioprocesses
during drying under uncontrolled environment may
contribute to the significant differences in water and
mineral contents between the different drying procedures. Accordingly, drying procedures may significantly affect the level of water and mineral loss (specifically, sun, fan and forced warm air methods); in
which drying procedures are carried out under controlled environment of temperature, humidity, but
longer drying time may facilitate microbial growth
and utilization of sucrose and minerals.
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Data are means ± SD. Different letters within the same type are significantly different by Duncan’s multiple range test
(p<0.05), n = 3.
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Concentration
(μg/g)
Natural
Na
149.7±10.4a
K
7473±61.1b
Mg
629±17.0a
Ca
1214±96.5a
Pb
37.33±7.5a
Fe
81.33±11.6a
Al
44.00±7.2a
Zn
20.43±5.4a
B
15.67±3.5a
Co
0.63±0.3a
Cu
6.30±1.6a
Sr
9.67±4.0 a
Mn
3.67±0.8a
Cr
5.93±1.3a
Cd
3.40±0.7a
Ni
3.33±0.6a
The data are means ± SD. Different letters within the
(p<0.05).

Drying process
Sun
Fan
Forced warm air
86.0±6.6b
86.3±9.5b
45.3± 5.7c
5724±58.4d
6672±74.8c
10090±50a
530±10.4b
568±8.0b
517±15.3b
787±16.0b
638±14.5c
762±49.1b
b
c
10.33±3.1
1.90±0.5
1.57±0.9c
12.00±4.0b
10.67±4.5b
7.27±3.3b
2.97±1.4b
3.07±0.4b
2.37±0.8b
c
b
14.00±2.6
6.33±0.9
6.67±2.1c
6.33±1.5b
6.97±3.0b
7.67±1.5b
0.47±0.3a
0.35±0.1a
0.40±0.2a
3.33±1.0b
2.07±0.6b
2.67±1.0b
7.33±3.2a
5.83±1.6a
9.00±2.0a
b
a
3.87±1.3
1.67±0.4
2.87±1.0ab
2.33±0.6b
0.89±0.4b
2.33±0.8b
b
b
0.25±0.1
0.23±0.1
0.22±0.1b
0.00±0.0c
2.50±1.1b
1.57±1.0bc
same row are significantly different by Duncan’s multiple range test
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The results of the present study highlighted the
potential importance of date palm drying methods as
an essential element in maintaining high quality
fruit.Since the optimal fruit moisture content was 2325%, and the drying treatments we applied (solar
drying, forced air drying blown-forced warm air) allowed to reach very lower moisture amount, our recommendation to date growersis to apply less intensive treatment (e.g. changing drying duration) to reduce the negative effect of drying process on nutritional and sensorial features of date fruits. In this
study, natural drying process had higher fruit moisture percentage, phenolic compounds (coumarin, vanillic acid, caffeic acid, vernolic acid, p-hydroxybenzoic acid and gallic acid), sugar (fructose and sucrose), better color appearance (lighter color), less
firmness loss, and higher mineral content than the
other three drying methods. For optimal fruit natural
drying percentage, we suggest that date growers take
into consideration for example fruit thining practices
that will increase the air circulation around the fruits
as well as efficient water schedual regime before
fruit ripening stage to increase the total marketable
yield of fruit naturally dried.
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Natural ecosystems provide important habitats
for a wide range of organisms. The ability of insects
to utilize different host plants has been suggested to
be a dynamic and transient phase [10, 9]. Dispersal
parameters can be directly estimated using ecological approaches such as mark-release-recapture
methods but might not be applicable in studies
involving sampling the propagules. In these cases,
population genetics approaches provide a better
alternative because the information contained in
DNA can provide gene flow parameter estimates
for different and complementary timescales. Molecular markers are widely used to study the intraspecific genetic diversity. Al-Fawaeer et al. [11]
found that populations of   !    with
common genomes tend to cluster together in the
same group, using random amplified polymorphic
DNA (RAPD) analysis. Another widely applied
sequence is the internal transcribed spacer (ITS) in
the ribosomal RNA genes. It was investigated in
red palm weevil ( #!!! Olivier) populations collected from several Mediterranean countries [12,9]. The discrimination power of
ITS1 region was shown to be much higher than
ITS2 region for red palm weevil phylogeny. In a
phylogenetic study of Fulgoroidea based on 18s
rDNA sequence,  !   ! Fieber was
used to represent Tropiduchidae [13]. However, the
study covered just one site, utilizing insects reared
from eggs collected on palm leaves from southern
Spain.
The mitochondrial Cytochrome b (Cyt. b) is
another common molecular markers include gene
and amplified fragment length polymorphism,
which has been applied in both phylogeographic
studies and have been widely used for studying
genetic diversity in insects [14]. Furthermore, partial DNA sequences of the mitochondrial gene such
as Cytochrome c oxidase I (COI) and other molecular markers have been used in phylogenetic studies.
Fragment size of COI has been shown to provide
high resolution to identify cryptic species, thereby,
increasing taxonomy-based biodiversity estimates
and its usefulness has been confirmed for Coleoptera, Diptera, Ephemeroptera, Hemiptera, Hymenoptera and Lepidoptera. However, limited studies

Dubas bug (  !#! De Bergevin)
is a major pest for date palm in several countries
and mainly in the Arabian Gulf. The intensive use
of insecticides to control the dubas bug might lead
to induced resistance. To investigate the diversity of
this insect, isolates were collected from three populations from Oman (Batinah and Daklia regions)
and Jordan (Safi region). Total genomic DNA was
successfully isolated from individual insects using
in-house developed freeze-thaw protocol. The isolates were investigated for genetic diversity using
an inter-simple sequence repeat (ISSR) marker. The
data showed huge diversity within and between the
assayed dubas bug populations. Moreover, the Cytochrome c oxidase I (COI) gene was amplified and
sequenced for random isolates from all three populations. The sequences were used to generate a
phylogenetic tree based on maximum likelihood
method. The data confirms the genetic diversity
within and between the assayed dubas bug populations. Nonetheless, a group of dubas bug isolates
from Oman have clustered in two major clades,
indicating their uniqueness among other assayed
international isolates.

-+$&'
Dubas bug, Cytochrome c oxidase I, Oman, Jordan

#(&$)($#
The date palm ( "  #) is the
main host of dubas bug (  !   !
(Homoptera: Tropiduchidae), which is also known
as the palm bug. Dubas bug is a destructive pest of
date palm and is widely distributed in North Africa
(Morocco, Algeria, Tunisia, Libya and Egypt),
Sudan, Jordan, Iran and Spain. In addition, it is also
an important pest of date palm in Iraq, Kuwait,
Bahrain, Qatar, Saudia Arabia, the United Arab
Emirates and Sultanate of Oman [1, 2, 3, 4, 5, 6, 7,
8, 9,].
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was added and mixed well followed by incubation
for 30 min at 37ºC. An amount of 35 µl protein
precipitation solution was added. The mixture was
vortexed then centrifuged for 4 min. After centrifuge, the supernatant was transferred into a fresh
tube and 150 µl of iso-proponal was added. The
mixture was mixed gently by inversion mixing then
centrifuged for 1 min. Supernatant was removed
and 150 µl of ice-cold 70% ethanol was added and
mixed then centrifuged as before. The ethanol was
aspirated and the pellet was dried for15 min. DNA
was rehydrated in 30 µl TE buffer (pH 8).
The SDS was the second method, where individual insects were extracted with 10 µl of 2% SDS
by heating at 95ºC in the thermocycler for 20 min
then were stored at -20ºC. In the third method,
freeze-thaw tandem cycles were applied. Single
dubas bug insects were mixed with 40 µl of Tris
buffer (pH 8) in 0.2 ml PCR tubes. The tubes were
incubated at -20ºC for 30 min followed by heating
at 95ºC for 10 min in a thermocycler. The freezethaw cycles were repeated four to five times.

%;8E92>.?2 5.6: &2.0@6;:  DNA was used
to amplify polymorphic ISSR marker UBC807
(Table 1). In addition, primer pair was designed for
COI gene (Table 1) based on available dubas bug
(  ! #!) sequences deposited in the
Genbank (2018).

has been conducted on the genetic diversity of date
palm dubas. A recent study assessed several genomic regions to study the diversity of dubas collected from a number of countries [15]. In addition,
a total of 82 partial sequences of the mitochondrial
COI gene were deposited in the Genbank [16],
which represent dubas collected from several countries in West Asia and North Africa. The aim of this
study was to assess genetic diversity between three
dubas bug populations from Oman and Jordan using an inter-simple sequence repeat (ISSR) marker
and cytochrome oxidase I.
"(&!'#"($'

(;@.8 2:;960 ?;8.@6;:  The dubas bug insects used for the genetic diversity study were collected from three populations; Batinah and Daklia
regions from Oman and Safi from Jordan (Fig. 1).
Three methods were investigated to isolate total
genomic DNA from dubas bugs. Promega like
(USA) was assayed with some modifications. Individual insects were transferred into 1.5 ml microtubes. A small amount of sand was added and a mix
of 80 µl nuclei lysis solution, 20 µl 0.5 M EDTA
(pH 8) and 4 µl 20 mg/ml proteinase K was added
for each isolate. The insects were ground carefully
with micro-pestle and incubated at 55ºC on dry bath
for 1 h. Thereafter, 3 µl of 10 ml/ µl RNase solution



)& 
".<?;3;>1.:$9.:.:1@52"61182.?@ &2106>082?;:@529.<>232>@;@52?.9<86:4<;6:@?;3@52
  '.36;>1.:.786.$9.:.:1.@6:.5$9.: 

(! 
%&<>692>?A@686F216:@52<>2?2:@?@A1E 
9<860;:
ISSR marker
COI gene

%>692>0;12
UBC807
O.l. _F01
O.l._R01

'2=A2:02G 
AGAGAGAGAGAGAGAGT
GGTCAACAAATCATAAAGATATTGG
TAAACTTCAGGGTGACCAAAAAATCA
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Polymerase chain reaction (PCR) was performed using 2 μl of HOT FIRPOL® Blend Master
Mix (Solis BioDyne), 1 μl of each of forward and
reverse primers (10 μM), 1 μl of DNA (10 ng/μl)
and the volume was completed to 10 μl with water.
PCR program for COI was used as follow: initial
denaturation at 95Cº for 5 min followed by 35 cycles contain denaturation at 95ºC for 30 sec, annealing at (40, 45, 50, 55 or 60ºC) for 30 sec, extension
at 72ºC for 1 min and a separate final extension
cycle at 72Cº for 10 min. While the PCR program
for ISSR was as follows: 1 cycle of 94°C/5 min, 45
cycles of (94°C/1min, 50°C/45 sec and 72°C/2
min), 1 cycles of 72°C/5 min. PCR products were
assayed using 1% agarose gel electrophoresis in 1x
TAE buffer. The gels were stained with ethidium
bromide and examined by UV light using gel documentation system (Alpha-Innotech, USA). Consequently, gels of generated COI amplicons were
stained using SYBR® Gold Nucleic Acid Gel Stain
(Invitrogen, USA) and bands were cleaned-up using
Wizard® SV Gel and PCR Clean-Up System
(Promega, USA), the DNA was eluted with 30 μl
TE buffer. PCR products were sequenced with
chain-terminating method [17] through Macrogen
Company (South Korea).

.@. :.8E?6?  ISSR amplicons were scored
as present (1) or absent (0) over dubas bug isolated.
A data matrix was prepared to determine similarities between each pair of isolates using Jaccard
similarity measure. The similarity data was presented as heatmap comparisons within and between
populations. A dendrogram was constructed based
on un-weighted pair group method with arithmetic
mean (UPGMA) using functions supported in the
software package SPSS version 11 (IBM, USA).
Bidirectional COI sequences were used to
build contigs using    Advance® 11.5
(Invitrogen, USA). A total of 29 sequences, representing the three populations from Oman and Jordan, were deposited to the Genbank [16]. They
were given the accession numbers MK038837MK038865. COI sequences from several international  ! #! isolates were retrieved
from the Genbank [16] (NCBI, 2018). In addition,
one related species #   
(KX702957) was utilized as an outgroup. All these
sequences were subjected to multiple alignment
along using ClastalW available in the software
BioEdit [18]. Aligned sequence were bootstrapped
100 times and utilized for phylogenetic tree construction based on maximum likelihood function
available in Phylip [19], and was viewed by
TreeView [20] in 1996.






&')!('#')''$#
Three populations of dubas infestation were
utilized in this study. Omani populations represent
decade-long established infestation, while the Jordanian population represent a more recent infestation. Moreover, the selected regions representing
the Omani dubas bug populations vary in the degree
of infestation. The Batinah region is known for high
infestation compared with relatively low infested
Daklia region [21, 22].
Three methods were assayed to isolate total
genomic DNA form dubas bug. The Promega kit
delivered detectable DNA quantities using gel electrophoresis. This was achieved only using a mass
sample of 20-30 insects. However, for single insect
DNA isolation, it was impractical and DNA was
lost, because the kit requires several centrifugation
and separation steps followed by DNA precipitation
using ethanol. There for it would be practical for
larger insects like beetles [12]. Therefore, DNA
could not be detected. Likewise, the SDS method
was unsuccessful, as it delivers inhibiting concentrations of SDS for the PCR amplifications. On the
other hand, the freeze-thaw protocol was the most
suitable for single insect extraction. And was
adopted for amplification of both ISSR marker and
COI gene. Other genomic isolations method such as
CTAB were recorded fro dubas bug [15].
The UBC807 ISSR marker was used to investigate genetic diversity within and between investigated populations. Insect isolates from Daklia
(Oman) region showed huge similarity with population, while the two other regions revealed huge
diversity within populations. Therefore, Batinah
(Oman) and Safi (Jordan) populations were advanced for ISSR analysis. The UBC807 ISSR
marker was able to generate 17 polymorphic bands.
And a total of 561 data entries (155 present and 406
absent bands) were utilized to calculate Jaccard
similarity index (Fig. 2). There was huge diversity
for insect isolates within Batinah (Oman) population, which was indicated by low similarity values
(Fig. 2). Nonetheless, few isolates showed relatively higher similarities, e.g. B10 and B11, B12 and
B14. On the other hand the insect isolates from Safi
(Jordan) population showed higher within population similarities as compared to (Oman) population,
with the highest similarity recorded between J08
and J09 (73%). However, few isolated showed
unique ISSR profiles, e.g. J09. This could be due to
the intensive insecticide application in date palm
orchards in Oman as compared to Jordan [21, 22].
The between population diversity revealed medium
similarities (Fig. 2). Some high similarities were
achieved between the two populations, J09 and B06
(100%). On the other hand, several isolates did not
show any similarity between the two populations,
e.g. J04 and B02, J19 and B14.
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The UPGMA constructed dendrogram revealed several clustering of dubas bug isolates from
Batinah (Oman) and Safi (Jordan) populations (Fig.
3). There was a nice separation between the two
populations, where 13 insect isolate out of 15 from
Batinah (Oman) were grouped into three major
clusters with only one Jordanian isolate (J09). On
the other hand, all dubas bug isolates from Safi
(Jordan) population (except J09) were clustered
together within four major clusters with just three
Omani isolates (B5, B9 and B13). This nice separation indicate the effect of intensive pest management including application of insecticides of genetic drift and diversity, which was recorded earlier for
dubas bugs in Iran [15] and #  in Martinique Island Colombia, respectively [23,24].
The COI primer pair have generated a single
clear and reproducible PCR amplicons for all insect
isolated from all collection sites (Batinah (Oman),
Daklia (Oman) and Safi (Jordan) (Fig. 4).
Therefore, random isolates were picked for
each location to sequence the generated COI gens.


All delivered bi-directional sequencing data for
COI gene were successfully assembled using Vector NTI software (Invitogen, USA). The first phylogenetic tree represents insect isolates from Safi
(Jordan) population (Fig. 5).
The tree revealed the separation of the isolate
07 from all other isolates with very high confidence
(100% bootstrap value). The remaining isolates
were clustered into two major clades, while 01
isolate was not clustered with them. The second
phylogenetic tree represents insect isolates from
Batinah and Daklia (Oman) regions, in addiiton to
some unassigned insect isolates (Fig. 6).
The tree resolved four major clades and twoi
un-clustered isolates (Batinah 11 and X 08). The
isolates from the two regions did not separate well,
but rather there was some integration between the
two populations.
When constructing a phylogenetic tree for all
populations, we get relatively a better separation
between Jordanian Safi population and the two
Omani populations (Batinah and Daklia) (Fig. 7).
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orded for dubas bug earlier [15].
However, it did not have that strong separation
as revealed in the ISSR dendrogram (Fig. 2). This is
The final phylogenetic tree represents insect
isolated from Oman populations (Batinah and
presumably possible due the higher genetic resolution delivered by ISSR [25, 26] as compared to the
Daklia) and Jordan population (Safi), along with
more conservative COI with limited haplotypes
international isolates Egypt, Tunisia, Iran and Pakistan from sequences deposited Genbank (Fig. 8).
generated by limited number of mutations as rec-
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COI
of
# 
 
(KX702957) served as an outgroup entry and was
successfully separated and did not cluster with any
other isolates. The insect isolates were clustered
into four major clades. The first clade (I) clustered
dubas bug isolates from Oman, Jordan, Tunisia,
Iran and Pakistan but not from Egypt. However,
both the Jordanina isolate 03 and the Iranian isolate
18 did mot grouped within the same clade with any
other isolate, indicating their diverse nature. The
second clade (II), was clustering isolated only from
Oman and Jordan. This clade was divided into two
subclades, one has three Jordanian and one Omani
isolate, while the other one has pure Omani isolates
(five of them). The third clade (III) revealed more
interesting group, where 15 Omani isolates were
clustered with three Egyptian isolates and one Jordanian isolate. The final clade (IV) was also almost
pure, where ten Iranian dubs bug isolates were
clustered with single Omani isolate. Our data agrees
with earlier reports [15], nonetheless, were deliver
more detailed information about the Omani dubas
bug populations. The huge diversification between
the most investigated dubs bug population from
Iran (Clade IV) and Oman (Clade III), could be
related to the geographical separation between the
two populations and the lack of long distance flight
ability of  #! [27], which may intensify the
fast evolution process and formation of diverged
populations undergoing intensive pesticides application [15].
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equipment for sewage treatment. The application
rate of mixers in the wastewater treatment equipment is up to 50% [1, 20]. This kind of mixer is
also called submersible mixers because they are
installed underwater in the pool. Fluid stirred by
submersible mixers in the pool is very complicated.
Fluid in the wastewater treatment pool is affected
by the pool walls and mixers together. In recent 20
years, many researchers from high schools, research
institutes, and factories, studied submersible mixers
and gotten many meaningful results.
Due to the need for sewage treatment, some
activated sludge blocks need to be suspended in the
pool. Because the density of sludge is larger than
the density of water, the activated sludge blocks
will sink into the bottom of the pool. The mixer
works in lower part of the pool and mixes fluid in
the pool. The fluid forms a large circulation, and
these sludge blocks will be suspended in the sewage
pool and fully react with the sewage. Therefore, the
study of the numerical calculation of the agitating
flow field of the submersible mixer is significant.
The traditional mixer has one impeller with
two blades or three blades. In this paper, it is the
first time to study the new type of submersible
mixer with two layers impellers and six blades, and
is summarized its flow field characteristics.

The flow field of a new type of submersible
mixer with two layers impellers and six blades in
wastewater treatment pool is studied in this paper.
Large-scale software, such as Pro/engineering,
FLUENT 15.0 and ICEM, were used. After that, the
wastewater treatment pool was numerically simulated by RNG k-ε turbulent model and move coordinate system technology. The macro fluid field and
flow field distribution of sections were analyzed.
Compared with the traditional mixer, water thrust
and torque of the new type of submersible mixer
are increased to 1.9 times and 1.4 times respectively,
and the effective axial thrust distance is increased to
1.2 times. The fluid in the pool is stirred fully. The
high-velocity fluid zone is formed along the axial
direction of the mixer, and 4 water cycles are
formed at the up and down in the pool. The velocity
of the fluid upper the middle of the pool and near
the bottom of the pool is low, but the average velocity is larger than 0.1m/s. The fluid in the pool is
propelled axially and diffused radially. Coanda
effect can be watched obviously. The velocity distribution curve of the fluid near the outlet of the
impeller is saddle-like, with two velocity peaks. But
the velocity distribution curve of the fluid far away
from the impeller outlet is parabolic-like, with only
one velocity peak. The performance of the new
submersible mixer is greatly enhanced and it can
stir more water. This is suitable to the working
requirements of the submersible mixer. And this
simulate method can guide practical wastewater
treatment engineering of mixers.





The width of the wastewater treatment pool is
5500mm with 9200 mm length and 4000mm height.
The new type of submersible mixer is installed
500mm away Y axis. The axis of the mixer, which
is parallel to the z axis, is above 1000mm from the
bottom of the pool. The O' coordinate of the mixer
center position is (1000, 500, 0), as shown in Fig.1.
As shown in Fig.2, the new type of wastewater
treatment mixer, which is six blades, is two layers
impellers. The Impeller diameter is 380mm with
90mm of hub diameter. The rotational speed is 680
r/min. The impeller rotates clockwise from the
impeller inlet to outlet. The fluid model is built by
software of PRO/E, and inlet and outlet of impellers
is shown in Fig.2.

'% !
Two Layers Impellers, CFD, Flow Filed, Simulation,
Fluid Dynamics
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It has been developed for almost 60 years
since the mixer was invented. It is applied widely in
wastewater treatment of agriculture, petroleum,
industry, chemical industry and so on. It is essential
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is convection; μ
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is diffusion;

ρ 

is volume force; 1ε = 1.42; 2ε =1.68; k
is turbulence power, ε is dissipation rate [6-15].

4:3+(7> *43+090438 (3+ (1.4709/28 All
the pool walls, the wastewater treatment mixer shaft
and the mixer blades surfaces are No-slip boundary.
Rotation speed of blades is set to be the same as the
motor shaft. Contact surfaces of inner and outer
area are interface [6-20].
With the assistance of FLUENT15.0 fluid mechanics software, the finite volume discretization
method as well as the SIMPLE method and RNG
 − ε turbulence model, the research is conditioned as all the walls, stirring axis and the surface
of blades are all in non-slip condition; stirring
blades and stirring axis are set at the corresponding
rotation velocity condition. Convergence criterion
is that all the residual absolute value of all variables
is less than 10−5 [6-20].
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In order to simplify the calculation, the mixing
fluid medium of mixers is water, whose density is
1 × 103 kg/ m3 and viscosity is 1 × 10- 3 kg/ m ⋅ s in
20 and atmospheric pressure [1-10].
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,8/The Large-scale software ICEM is used
to divide mesh. The fluid in the pool, which is divided by structure grid, is with nodes of 1.8 million.
The fluid in the mixer, which is divided by unstructured grid, is with nodes of 0.7 million. Meshes
near interfaces between impellers and pool are local
mesh refined, as shown in Fig.3. The total nodes
number is about 2.5million.

The fluid, which was mixed by new type of
submersible mixer and the traditional mixer separately, was simulated by Fluent 15.0. As shown in
table 1, water thrust of the new type of mixer is
591.26 N with torque 29.57 Nm. But water thrust of
the traditional mixer is 315 N with torque 21.08
Nm. Water thrust of the new type of mixer is bigger
than water thrust of the traditional mixer, about 1.8
times. Torque of the new type of mixer is bigger
than torque of the traditional mixer, about 1.4
times.

(a)

(b)
# 
70+

(80* *(1*:1(9043 ,6:(9043 For the fluid,
which cannot be compressed, its CFD expressions
include continuity equation, momentum equation

"
"/,5,7-472(3*,5(7(2,9,78
F (Water Thrust )/(N)
New type
mixer
Traditional
mixer

and RNG  − ε turbulence equation.

∂u 
∂ 

=0

(1)

597.26

TTorque/( Nm)
29.57

315

21.08

It shows that the effective axial thrust distance
of the new type submersible mixer is 9 meters, and
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fluid in the whole pool is 0.45m/s, is larger than
0.1m/s, and it is suitable the working demand of the
submersible mixer.

the effective radial distance is 0.8 meters by CFD
calculation. But the effective axial thrust distance of
the tradition submersible mixer is 0.5 meters, and
the effective radial distance is 0.75 meters. The
fluid in the impellers is mixed by the impellers.
After gained energy by the first layer impeller, they
rush into the second layer impeller. They will get
more energy from the impeller. And then these high
energy fluid rush into pool, and suck the fluid near
them, so the fluid in the whole pool would cycle up.
Due to two layers impellers, water thrust will get
more powerful, and effective axial distance will be
longer.
"
;,7(.,;,14*09>
Fluid
Fluid below
the X=500mm section
Fluid below
the X=1000mm section
Fluid below
the X=2000mm section
Fluid below
the X=3000mm section
Fluid above
the X=3000mm section
Fluid in the pool
Fluid in the impellers
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Average velocity (m/s)
0.23

Because of the high-speed rotation of the impellers, the fluid near the impellers, which is inhaled into impellers, obtain great kinetic energy.
The high-speed fluid rushes out from the impellers,
and suck the nearby fluid. They are flow together
forming a high-speed thrust area along the axis
direction of the mixer, which is red region as shown
in Fig. 4. Two water cycles are formed above the
high-speed fluid area, and other two water circles
below the high-speed fluid region are formed.
The velocity distribution in the X=0.5m section, the X=1 m section, the X=2m section, the X=
3m section as shown in Fig.5. In the pool, along the
direction of the mixer, there is a high speed velocity
fluid region. Because it is an asymmetric installation, the high-velocity area of the fluid is biased
towards the sidewall which is near the mixer. The
axial distance promotion is obviously with weak
radial diffusion relatively. Because of the restriction
of the pool wall and far away from

3.88
3.90
3.66
0.14
0.45
10.06

As shown in Table 2, the bottom of the pool is
set as the X=0mm section, and the average velocity
of fluid below the X=500mm section in the pool is
0.23m/s. The average velocity of fluid below the
X=1000mm section, the X=2000mm section, the
X=3000mm section in the pool are 3.88 m/s, 3.90
m/s and 3.66 m/s respectively. The average velocity
of fluid above the X=3000mm section in the pool is
0.14m/s. The average velocity of fluid in the impellers is 10.06m/s. The average velocity, which of
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Water and sludge will contact completely, and it
promotes sewage purification reaction.
As shown in Fig.6 and Fig.7, the fluid velocity
is very high along the mixer axial. Because of the
influence of the hub, the velocity distribution curve
in L1 and L2 are saddle-like. In other words, near
the outlet of the mixer, the largest flow velocity
does not appear along the axis of the mixer, but
appear on both sides of axis. Two velocity peaks
appear. Velocity distribution curve of the fluid far
away from the hub, like L3L4L5L6L7
L8, are parabolic-like. Because of Coanda effect,
the position of largest velocity does not appeared
along the axis of the mixer. They locate offset the
axis of the mixer and lean to the nearest sidewall of
the pool. The farther away from the impeller, the
lower velocity the fluid is with the wider the highvelocity zone.

the mixer, some lower velocity fluid eddy, which is
called dead area, are formed at the upper middle of
the pool. And the velocity of fluid which is far
away from the axial of mixer is lower. The fluid in
these lower velocity fluid eddies cannot cycle into
the whole fluid in the pool. Fortunately, the proportion of these areas is very small as shown in Fig.5.
It does not affect the propulsion cycle of the fluid in
the pool and the sewage treatment.
The Y=500mm section, which is across axial
of mixer, is parallel the sidewall of pool. L1L2
L3L4L5L6L7L8 in the Y=500mm
section are selected. The velocity distribution
curves in these lines are studied. As shown in Fig.6,
it occurs two low-velocity regions upper the middle
of the pool. And sludge would be gathered in these
areas. But the density of sludge is larger than the
density of water. Due to the gravity, sludge will
move down, and flow with high-velocity fluid.
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According to the working condition of the new
type of submersible mixer, the fluid in the sewage
treatment pool was simulated by using FLUENT6.3. The results show:
1. Compared with the traditional mixer, water
thrust and torque of the new type of submersible are
increased to 1.9 times and 1.4 times respectively,
and the effective axial thrust distance increase to
1.2 times. The performance of the new submersible
mixer is greatly enhanced and it can stir more water.
2. Because of the action of the submersible
mixer, the fluid in the pool forms a large water
cycle, and is fully stirred. High-velocity zone is
formed along the axial direction of mixer, and 4
water cycles are formed at the upper and lower
parts of the high-velocity zone. The velocity of
fluid up the middle of pool and near the bottom of
the pool is low, but the average velocity is larger
than 0.1m/s. This is suitable to the working requirements of the submersible mixer.
3. The fluid in the pool is propelled axially
and diffused radially. Coanda effect can be watched
obviously, and fluid would moves toward the nearest sidewall of the pool. The velocity distribution
curve of the fluid near the outlet of the impeller is
saddle-like, with two velocity peaks. But the velocity distribution curve of the fluid far away from the
impeller outlet is parabolic-like, with only one
velocity peak.
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The evaluation of reservoir quality pre-fracturing treatments is one of the most important jobs
faced by oilfield engineers. However, reservoir quality relates to the quantitative complicated evaluation
of factors for individual members as well as to their
comprehensive influence. It is difficult to describe
the nonlinear relationship of various factors. A novel
and original combination of the analytic hierarchy
process (AHP) and grey relation analysis (GRA)
method was proposed in this study to solve the problem. First, based on the parameters of the constructed
wells, several elements were chosen as appraisal factors. Then, GRA was used to determine the weights
of the main factors. Finally, comprehensive evaluation factor (CEF) was applied to determine the classification threshold and evaluate reservoir quality
comprehensively with considering the various factors at the same time. The new method was successfully applied to 13 wells of an actual tight oil reservoir in Northeast China and finally the reservoir
quality was ranked in order of the CEF. Practical application results demonstrated a good agreement between the measured initial cumulative production
and the comprehensive evaluation factor. The new
approach can be used to evaluate reservoir quality
quickly and economically, the study provides important reference for hydraulic fracturing optimization design.

However, due to the complex geological conditions
and the complicated multi-parameter relationships,
the evaluation of reservoir quality is often very difficult [4-6], there are very few researches on the comprehensive quantitative reservoir quality evaluation
method that is available in the literature. Therefore,
to optimize the tight oil reservoirs development and
obtain stimulation effect successfully, an accurate
mathematical method is needed to describe the
multi-parameters nonlinear relationship.
The evaluation of the reservoir quality is a complex process which relates to the large appraisal parameters for their comprehensive influence. These
factors are also uncertainty in the process [7-9]. Over
the last few decades, there are numerous literatures
focus on the reservoir quality evaluation, many
scholars evaluated reservoir quality based on the
seismic, well log, and core data analysis [10-15].
Reservoir numerical simulation is also a common
method to evaluate oil and gas reservoir quality from
a perspective of geology and petroleum engineering
[16-18]. However, this method requires many laboratory experiments in formation fluid and rock property parameters for input data. In addition, these
models simplify many factors and have a big difference from the reservoirs. In recent years, many mathematical approaches were widely applied to evaluate
reservoir quality such as neural networks [19], principal component analysis [20], and fuzzy logic [2122]. The neural network models need a large number
of data and cannot deal with uncertain appraisal factors due to fuzziness.
Analytic hierarchy process combining with
GRA is an efficient method to solve the problem and
can establish multi-parameters evaluation system to
deal with these uncertainties [23]. GRA was first
proposed by Deng [24-25] as a part of the grey system. GRA can effectively optimize the complicated
inter-relationships among multiple performance
characteristics and deal with numerous effect factors
in a system with different value types and physical
meaning. GRA has been widely used to study in the
field of petroleum engineering which contains evaluation of reservoir quality, well selection of hydraulic fracturing, refracturing candidate selection, and
production performance analysis [26-28].
There are few examples in the literature, where

('"#
Tight oil reservoir, Analytic hierarchy process, Grey relation analysis, Comprehensive evaluation factor, Classification threshold, Reservoir quality
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Tight oil reservoirs represent a significant percentage of unconventional resources throughout the
world and play increasingly important roles in the
energy industry [1-2]. Reservoir quality evaluation is
a key factor for production potential estimation of
any filed, especially recognizing formation properties and evaluating the hydraulic fracturing result [3].
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-;-9415- ;0- +647)9-, )5, 9-.-9-5+- :-
8<-5+-In order to use GRA, the first step is to determine an interval comparative series, which contain reservoir parameters and initial completion parameters. The appraisal factors can be represented by
+ ?@, the matrix  is made up of the comparative
series comprising  wells with  appraisal factors.

analytic hierarchy process combining with GRA has
been used for reservoir quality evaluation due to
complicated multi-parameter relationships. This paper aims to satisfy this need by implementing such a
method and then to measure its performance on a set
of wells in Northeast China. The manuscript is organized as follows. First, based on the well data from
the well site, we establish multi-parameters evaluation system. Then, grey theory is described in detail
and comprehensive evaluation factor is calculated
for classification of reservoir quality. Finally, the
new method is tested in an actual tight oil field and
some conclusions are presented for reservoir quality.


%$ "$"#
&%$#(#$

Multi-Parameter evaluation system was established using AHP which applied to make a reasonable decision when the object is affected by many variables and sometimes conflicting factors. There is a
common consensus that AHP is an effective tool to
make complicated decisions [29]. It provides a
framework to help the operators to understand the
complex relationship between the affect factors. The
results are then used to the grey correlation analysis
system, which determine the key factors of reservoir
quality.
In the specific study, we collected the data from
the well site which have been verified by expert [22].
The factors which influence the reservoir quality are
divided into one level according to the secondary
evaluation index system: ‘reserve capacity’. The sub
criteria contain several factors: ‘net pay thickness’
(NPT), ‘porosity’ (POR), ‘permeability’ (PER), ‘oil
saturation’ (SAO), ‘natural gamma’ (GR), ‘horizontal section sandstone length’ (HSL), ‘formation pressure’ (PRE).

 ? @  ? @   ?@
! ? @ ! ? @  ! ?@
9:
;




. ? @ . ? @  . ?@
 9       9     
(1)
Where  is the number of wells; is the number of
appraisal factor for each well.
The reference series is made up of the initial
cumulative production (ICP) of each well in the first
year after hydraulic fracturing.
 9 < ? @   + ? @   . ? @=) 
(2)

);)79-796+-::15/Because the description
of the physical characteristics of the factors varying
greatly, it is necessary to eliminate the comparative
series’ physical units’ interference by using a grey
extreme difference transform and make them dimensionless and comparable. By comparing the relationship between appraisal factors and ICP, for thelarger-the better type parameters, the compared sequence can be normalized as follows:
+ ?@ 9

*5 ?,@"<*5 ?,@=213
<*5 ?,@=204 "<*5 ?,@=213



(3)

For the-smaller-the better type parameters, the
compared sequence can be normalized as follows:

+ ?@ 9

7

*5 ?,@"<*5 ?,@=213
<*5 ?,@=204 "<*5 ?,@=213



(4)

Where <+ ?@=&$(

is the largest value of the  -th
feature of all wells , <+ ?@=&%' is the smallest
value of the  - th feature of all wells. The evaluation
factors are normalized in the range between 0 and 1.

$"(""$(##
After the establishment of multi-parameters
evaluation system, the second step of the reservoir
quality evaluation process is to sort out the correlation extent of criteria and determine the key factors
using the grey theory. In the grey model, grey relational grade (GRG) is an important parameter and is
defined as the average of the grey relational coefficients (GRC) of the individual alternative for different criteria. This converts the complex and diversified criteria into a single GRG, then the weighting
factor is calculated that facilitates taking decision on
the selection of the main factors which influence the
reservoir quality. Finally, the comprehensive evaluation factor is calculated for classification of reservoir
quality. The grey model involves five steps and each
step is briefly described here.

  9 <+ ?@=.8/
(5)

-;-9415);1656.")5,"The GRC
value is calculated to describe the relationship between the comparative and reference series. Before
this, the deviation sequence between the reference
and comparability sequences is determined. The
GRC value can be computed using Eq. (6). A higher
GRC indicates that the corresponding value is closer
to the optimal one for a particular selection criterion.

 + ?@ 6  + ?@
+ ?@ 9

+ ?@ 6  + ?@
 9       9     
(6)
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Where + ?@ 9 + ? @ 7 + ?@ is the deviation sequence between the comparative series and reference sequence, + ? @ is the normalized value of the
reference series, + ?@ is the normalized evaluation
value, is the identification coefficient, and it is between 0 and 1. Generally, it is set as 0.5 [9].
After obtaining the GRC, we normally take the
average of the GRC as the GRG defined as follows:

, 9 . .
+# + ?@ 9     



(7)

(8)

From this, we obtain vector  9 ?  !  / @.
The higher weighting factor, the more influence on
reservoir quality.

)3+<3);165 6. +6479-0-5:1=- -=)3<);165
.)+;69CEF- with considering the contribution of
reservoir capacity parameters was defined to evaluate tight oil reservoir quality, the higher the value obtained from Eq. (9), the better reservoir quality. On
this basis, inflection point method was applied to determine classification thresholds of reservoir evaluation. It provides a reference for engineer to evaluate
production.

-

 9 > , + ?@  9       9     
,#

(9)
Where  is comprehensive evaluation factor for
evaluation of reservoir quality.

No. well
W1
W2
W3
W4
W5
W6
W7
W8
W9
W10
W11
W12
W13

NPT
3.0
3.8
6.3
3.5
5.0
3.0
4.3
4.0
3.3
3.2
3.1
5.6
2.8

"

A practical application of the evaluation of reservoir quality in tight oil reservoirs is used to test the
method. The real industrial databases were selected
from 13 different multi-fractured horizontal wells
(MFHWs) in Northeast China. Table 1 shows the
data for wells W1 to W13 in terms of the variables
chosen earlier in the multi-parameters evaluation
system. The objective is to comprehensively analysis
relationship between production and each of the input appraisal factors. Grey correlation analysis was
used to determine the main factors that influence the
reservoir quality. Comprehensive evaluation factor
 was calculated to determine the classification
threshold of reservoir quality. The evaluation results
were ranked in order of the comprehensive evaluation factors .

5)3?:1: 6. )779)1:)3 .)+;69: In order to
make effective decision, there is a need to analyze all
involved factors closely and holistically. The correlation coefficients were calculated to analyze relationship between each of the appraisal factors and
ICP. In order to better understand the relationship
between appraisal factors and MFHWs production,
we selected 32 wells data from an actual oilfield and
cross plots are applied to illustrate the results of the
statistical analysis for each well. Some of reserve capacity parameters of cross plotting are shown in Figure 1 (a) and (b). From the cross plots, one should
note that each parameter has a low correlation with
ICP. Because evaluation of reservoir quality is a
complex problem, where a great number of key components come from various aspects. However, our
new method can effectively solve the problem by
considering complicated multi-parameters at the
same time.


)3+<3);165 6. ;0- >-1/0;15/ .)+;69
Weighting factor is an important parameter and calculated to reflect the correlation extent between the
appraisal factors and the reservoir quality. The
weights are defined as follows:

, 9 , /,# ,  9     

$$



$ 
-:+917;1=-:;);1:;1+:6.' ;6' 
Reserve capacity
POR
PER
SAO
GR
HSL
8.9
1.65
39
78
1100
10.8
2.13
45
68
1520
13.2
1.25
38
72
1886
10.3
1.82
54
76
356
10.2
2.13
52
62
1820
11.6
0.80
48
65
1156
10.8
1.15
46
51
1589
11.6
0.62
39
73
870
9.8
0.95
52
85
1178
8.9
1.52
43
70
1305
13.1
0.56
52
85
650
10.5
1.56
56
66
1340
13.4
0.44
40
81
1525

1588

PRE
16.9
15.7
18.5
15.8
17.5
16.5
18.8
15.3
14.5
15.3
15.5
16.6
19.5

Goal
ICP
4745
4558
5931
2800
5925
4823
6935
2937
3872
4142
1506
6115
6282
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Permeability, net pay thickness, porosity, formation pressure, and oil saturation are positively correlated with ICP, natural
gamma is negatively correlated with ICP.



Main criteria weights
Factors

Reserve capacity

$ 
)+;69/9),-3-=-3
Sub criteria weights
Factors
Grey relational grade
NPT
0.7568
POR
0.7179
PER
0.6782
SAO
0.6942
GR
0.4801
HSL
0.8021
PRE
0.7519

")526.)779)1:)3.)+;69:Grey relation analysis has been considered as one of the effective tool
for ranking the appraisal factors. In the study, we
dealt with 13 wells with seven drivers for each well
in an actual field. Based on the data shown in Table

Weights
0.1550
0.1471
0.1389
0.1422
0.0984
0.1643
0.1540

Ranking
2
4
6
5
7
1
3

1, grey relational grade is calculated by using Eqs.
(1)- (7) for each parameter, the results of which are
shown in the third column of Table 2.
The weights of the appraisal factors with respect of the effect on ICP were calculated by using

1589

%$

" &   









 " #!"!


 of well W5 is the highest (0.829), followed by well
W3, W12, W7, W2, W13, W10, W6, W1, W9, W8,
W11, and W4. It indicates that well W5 has the best
reservoir quality and has the most production potential. On the basis, inflection point method was applied to determine classification thresholds of reservoir quality. In this study, the classification thresholds are 0.55, 0.65, and 0.75. The results of which
are shown in the third column of Table 3. Similarly,
based on the CEF- values wells were divided into
three grades, the order of production potential is I
(0.75~0.85)> II(0.65~0.75)> III(0.55~0.65), the
same grade the same reservoir quality, wells W5,
W3, and W12 belong to the first grade I, W7 and W2
belong to the second grade II, W13, W10, W6, W1,
W9, W8, W11, and W4 belong to the third grade III.
The classification results were shown in Figure 3.

Eq. (8), the results are shown in the fourth column of
Table 2. These are ranked on a scale from 0 to 1 and
are illustrated in the histogram Figure 2. In this example, the weight of HSL is highest (0.1643), followed by NPT, PRE, POR, SAO, PER, and GR. It
indicates that HSL is the most influencing reservoir
parameter. The second and third factors are NPT and
PRE. It indicates that formation energy is also very
important to reservoir quality.
3)::1.1+);1656.9-:-9=6198<)31;?Reservoir
quality evaluation is a key activity for production potential estimation of any field. In order to obtain
comprehensive evaluation, based on the calculation
results shown in Table 2, we used Eq. (9) to calculate
CEF- with comprehensively considering the reservoir parameters, the results of which are shown in
the second column of Table 3. In this example, CEF-
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W9

W8 W11 W4
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Based on the comprehensive evaluation factor (CEF-), the reservoir quality are divided into fourdifferent levels, I>II>III.
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3)::1.1+);165)5,9)526.9-:-9=6198<)31;?
CEF-
Threshold
Grade
0.829
I
0.803
I
0.75
0.767
I
0.753
II
0.65
0.701
II
0.638
III
0.637
III
0.629
III
0.616
III
0.55
0.600
III
0.576
III
0.568
III
0.552
III

No. Well
W5
W3
W12
W7
W2
W13
W10
W6
W1
W9
W8
W11
W4
0.900

  

Rank
1
2
3
4
5
6
7
8
9
10
11
12
13
9000
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is better than W2, because the production is determined by the reservoir quality and completion efficiency. Similarly, we can obtain the same result such
as W11 and W10, it indicates that the majority of the
wells have not been in effectively stimulated, these
wells can obtain a higher production rate post refracturing treatment.

In order to verify the results of reservoir quality
evaluation, we compared 13 wells ICP with each
well CEF-, it has a good agreement, the results
were shown in Figure 4, this indicates that, despite
the complexity of the assessment problem, the proposed approach was able to capture the underlying
relationship that exists between the considered drivers and the ICP. The actual oilfield application of numerous wells using the approach has proven reliable
and can be used to evaluate the reservoir quality.
Based on the relationship between comprehensive
evaluation factor and ICP, we also can evaluate the
initial completion efficiency at the same time. For
example, the well W11, W10, and W2 located in the
green area which were shown in Figure 4. The reservoir quality of well W2 and W13 respectively belongs to second grade II and III, but the W13 was
obtained higher production than W2 post fracturing,
it indicates that initial completion efficiency of W13


%##
This paper applies and tests a novel approach
that would be the first to apply the comprehensive
evaluation factor to support the process of reservoir
quality evaluation. This study allows us to draw the
following conclusions:
(1) The proposed approach in this work is an
attempt to integrate various data and methods into
evaluation of reservoir quality. Comprehensive evaluation factor that consider the various reservoir parameters can be used for the classification of
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reservoir quality. The accurate evaluation and understanding of reservoir quality before hydraulic fracturing can improve production and obtain significant
economic benefits.
(2) The method can evaluate the reservoir quality and initial completion efficiency at the same time,
it provides import reference for refracturing candidate selection.
(3) Horizontal section sandstone length is the
most influencing reservoir parameter which has the
greatest effect on cumulative production among the
parameters. The second and third parameters are net
pay thickness and formation pressure. It is that formation energy is also very important to reservoir
quality.
(4) The approach was tested in an actual oilfield
based on data from 13 MFHWs. The results demonstrate the reliability of this approach and find a close
relationship between the comprehensive evaluation
factor and the measured initial cumulative production. The study is convenient and meaningful to direct the optimization design for MFHWs in tight oil
reservoirs.
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Antibiotics that reach the seas are found in both
water and sediments, thereby contaminating these
areas. Over time, detrimental effects on the living
species and microbiota following such contamination are inevitable [2]. Continuous use of antibiotics
results in the emergence, selection, dissemination,
and propagation of antibiotic-resistant bacteria in
microorganisms that can survive in this contaminated environment. Bacterial antibiotic resistance in
the aquatic environment has recently been a growing concern [3]. Antibiotic-resistant bacteria and
their antibiotic resistance genes have been reported
in many aquatic environments, such as rivers, lakes,
sediments, and fish farms [4, 5, 6]. Resistance genes
are disseminated by horizontal gene transfer and
reach human pathogens via the food chain or resistant pathogenic bacteria from the aquatic environment may directly affect human beings [7].
Bacterial extrachromosomal deoxyribonucleic acid
molecules (plasmids) are known to play significant
roles in antibiotic resistance in bacteria [8].
Aquatic bacteria with the antibiotic resistance
gene are an important issue in many parts of the
world. In addition, several aquatic bacteria have
become the focus of scientific research because
they are known to cause serious diseases [9]. !
   are used as an indicator organism to
monitor fecal pollution of aquatic environments and
seafood. The presence of this bacterium in the environment indicates the area or organisms are polluted by feces of animal or human origin. Therefore,
the occurrence of   in environment and sea
food is a topic of concern as it is present worldwide
[10]. The Black Sea coasts have been polluted by
many untreated industrial wastewaters sources,
human and animal feces, and domestic discharges
[11]. Aquatic organisms can accumulate pollutants,
such as antibiotics [12], heavy metals [13], and
bacteria [14].
Mussels filter the water to feed and actively
retain and accumulate particles from their aquatic
environments in their soft tissue. Mediterranean
mussel ( &"#!  $!) is one of the
most important bivalve species in the Black Sea and
is widely available throughout the Black Sea coast.
They have been used as a bioindicator species for
monitoring any pollution in the coastal marine envi-

Antibiotic resistance and transferable resistance genes were investigated in the bacteria
isolated from Mediterranean mussel ( &"#!
 $!) and sea snail ( $!) collected from the Eastern Black Sea coast of Turkey.
Fifty-four !  were isolated from Mediterranean mussel and sea snail collected from the
coast of Artvin, Rize, Trabzon, and Giresun, Turkey. The multiple antibiotic resistance index was
calculated and above the critical limit in the Rize,
Trabzon, and Giresun stations. PCR assays were
performed to detect sulfonamide (!#, !#, and
!#), beta-lactam (  and CTX-M1), amphenicol (chloramphenicol resistance gene, , and
florfenicol resistance gene,  ), aminoglycoside
(), quinolone ( ) resistance genes and integrons ( !!  and !! ) in all strains and
transconjugants. Among the antibiotic resistance
genes,  was the most common gene followed
by CTX-M1.  ,CTX-M1, and  resistance
gene was detected in >50% of the isolates. Approximately 44.4% of the total bacteria carried a plasmid; 42% of these plasmid-carrying bacteria could
be transferred to recipient strains during conjugation tests. Most of the genes found in donor strains
were also detected in plasmid-transferred transconjugant bacteria. These results indicate that the
Mediterranean mussel and sea snail could play an
important role in antibiotic resistance development
and resistance gene dissemination among bacteria.
(&!"
Antibiotic, Mediterranean mussel, sea snail, resistance
gene, Black Sea

#!$#
Since their first discovery, antibiotics have
been widely used for fighting against bacterial diseases in humans and animals worldwide [1]. Antibiotics reach surface and ground waters through
waste or wastewater and are then carried by them to
the sea, which is their last recipient environment.
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ronment [15, 16]. Furthermore, the rapa whelk or
sea snail ( $!) is the most active predator of mussels, oysters, and other bivalves. The sea
snail has rapidly adapted to the Black Sea, and it is
also one of the most important commercial species
in the Black Sea [17].
Mediterranean mussel and sea snail were selected for determining  contamination in their
tissues. The Black Sea is an important marine environment for fishing and other seafood. Occurrence
of antibiotic-resistant bacteria in coastal marine
organisms may be harmful for human and animal
health as well as aquaculture facilities because of
plasmid-mediated transferable antibiotic resistance
genes [18].
Horizontal gene transfer causes distribution of
antibiotic resistance genes among pathogenic and
nonpathogenic bacteria. Conjugative plasmids are a
mobile genetic element and facilitate horizontal
gene transfer [19]. Unfortunately, there is very
limited information available on marine environmental bacteria and their transferable antibiotic
resistance genes in Turkey. Therefore, in this study,
we aimed to determine antibiotic resistance genes,
plasmid profiles, and transferable antibiotic resistance genes of  isolated from the Mediterranean mussel and sea snail in the Black Sea coasts
of Turkey.

our previously published article [20].
<3;173- 5;1*16;1+ !-:1:;)5+- Multiple antibiotic resistance (MAR) index values (a/b, where a
represents the number of antibiotics the isolate was
resistant to and b represents the total number of
antibiotics the isolate was tested against) were calculated for all   isolates. In general, a MAR
index value of >0.2 is observed when the isolate is
exposed to high-risk sources of contamination
where antibiotic use is common; in contrast, a MAR
index value of ≤0.2 is observed when antibiotics are
seldom or never used [21].
 )5, 3):41, :63);165 DNA isolation
of bacteria grown in Luria Bertani (LB) broth was
performed using the boiling technique, and the
template DNA of the sample was prepared using
PCR. Plasmid isolation was performed using Qiagen plasmid purification kit (Qiagen Inc., Chatsworth), according to the manufacturer's instructions.
The resulting plasmids were stored at −20°C until
the electrophoresis process. The plasmids were then
run on 1% agarose gel and sized using Lambda
DNA/HindIII Marker.

-;-+;165 6. 5;1*16;1+ !-:1:;)5+- -5-:
The isolates were checked for the occurrence of
antibiotic resistance genes. For this purpose, genomic DNA was extracted from the isolates as a
template for PCR assays. PCR assays were performed for detecting sulfonamide (!#, !#, and
!#), beta-lactam (  and CTX-M1), amphenicol (and  ),quinolone( ), aminoglycoside()resistance genes andintegrons ( !!
and !! ) in all strains and transconjugants.
Selected primers were used for amplifying antibiotic resistance genes by PCR (Table 1).

#!"#"

)+;-91)3 ,-5;1.1+);165 )5, 5;1*16/9)4
#-:; Mediterranean mussel and sea snail were
collected from 12 coastal locations of the Eastern
Black Sea, Turkey, on four sampling dates (Fig. 1).
Detailed information on sample collection, bacterial
isolation and identification, and the antibiogram test
by the disc diffusion method has been provided in
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# 
914-9:<:-,15;0- !9-)+;165:
914-9
Sul1 FW
Sul1 RV
Sul2 FW
Sul2 RV
Sul3 FW
Sul3 RV
AmpC FW
AmpC RV
CmlA FW
CmlA RV
FloR FW
FloR RV
qnrS FW
qnrS RV
AadA FW
AadA RV
CTX-M1 FW
CTX-M1 RV
5′-CS
3′-CS
Hep51
Hep74

"-8<-5+15/A A
CGGCGTGGGCTACCTGAACG
GCCGATCGCGTGAAGTTCCG
GCGCTCAAGGCAGATGGCATT
GCGTTTGATACCGGCACCCGT
TCAAAGCAAAATGATATGAGC
TTTCAAGGCATCTGATAAAGAC
TTCTATCAAMACTGGCARCC
CCYTTTTATGTACCCAYGA
TGTCATTTACGGCATACTCG
ATCAGGCATCCCATTCCCAT
CACGTTGAGCCTCTATATGG
ATGCAGAAGTAGAACGCGAC
GCAAGTTCATTGAACAGGGT
TCTAAACCGTCGAGTTCGGCG
TGATTTGCTGGTTACGGTGAC
CGCTATGTTCTCTTGCTTTTG
GGTTAAAAAATCACTGCGTC
TTGGTGACGATTTTAGCCGC
GGCATCCAAGCAGCAAG
AAGCAGACTTGACCTGA
GATGCCATCGCAAGTACGAG
CGGGATCCCGGACGGATGCACGATTTGTA

#)9/-;-5-

! 96,<+;*7

55-)315/
#-47-9);<9-@

!-.-9-5+-:

!#

433

59

[22]

!#

293

59

[22]

!#

787

48

[23]

 

550

48

[24]



455

52

[25]

 

888

55

[26]

 

428

57

[27]



284

52

[28]

CTX-M1

863

49

[29]

!!

variable

50

[30]

!!

variable

55

[31]

Thermal cycling was performed using a T100
Thermal Cycler PCR system (Bio-Rad). Each reaction mixture for PCR contained 100 ng of the template DNA, 12.5 μl of the 2× Master Mix (NEB
New England Biolab Master PCR kit), 100 ng of
each primer, and distilled water in a 25 μl volume.
The PCR amplification conditions comprised denaturation at 95°C for 30 s, annealing at 49°C–59°C
for 45 s, and extension at 68°C for 45 s. PCR reaction was performed for 35 cycles and a final cycle
was performed at 68°C for 1.5 min. 15 μl aliquots
of PCR was run at 100 V for 45 min in 1% agarose
gels prepared in 0.5× Tris–Acetate–EDTA buffer.
Ethidium bromide was used to stain the gels and the
gels were viewed by UV transillumination.

isolated from Mediterranean mussels and sea snails
collected from the coasts of Artvin, Rize, Trabzon,
and Giresun in Eastern Black Sea Region were
investigated using molecular methods. The presence
of antibiotic resistance genes and MAR index values are presented in Table 2 and Fig. 2, respectively.
Our study demonstrated that  was the
most common resistance gene (98.1%) in bacteria
isolated from Mediterranean mussels and sea snails.
Following the  gene, CTX-M1 was the second
most common gene (88.9%) in the bacteria. For
sulfonamides, the most common gene was !#
(35.2%). !# was detected in 16.7% bacteria,
whereas the !# gene was detected only in 3.7%.
For beta-lactams,  was again the most common gene followed by CTX-M1 (88.9%). For amphenicols,  and  were detected as 72.2%
and 18.5%, respectively. Quinolone resistance gene,
 , was only detected in 5.6% of the total bacteria. The!# gene was not detected in the stations in
Artvin, Rize, and Giresun, whereas it was detected
in 11.1% bacteria obtained from the station in Trabzon. In addition to !#, !# resistance gene was
also not detected in the stations in Artvin.

-5- #9)5:.-9 >7-914-5; 652</);165
The broth mating method used by Rice et al. [32]
was performed in conjugation experiments for all
bacteria carrying the conjugative plasmid to determine transferable antibiotic resistance genes. Conjugation experiments were conducted using donor
  strains isolated from sea snail and Mediterranean mussel and a recipient strain of  K-12
J53-2 (resistant to rifampicin). While donor isolates
were grown overnight in LB broth with ampicillin,
the recipient   was grown in LB with rifampicin. Transconjugants were selected in LB agar
with ampicillin and rifampicin.

9-:-5+-6. 3):41,Within the scope of the
study, 54 bacteria isolated from Mediterranean
mussel and sea snail specimens were investigated
for the presence/absence of plasmids. Therefore,
plasmids were detected in 24 (44.4%) bacteria. The
number and percentage of plasmid-detected bacteria
based on the locations are presented in Table 3. It
was found that the molecular size of plasmids varied between 2 and 10 kb.

!"$#"
The presence of three sulfonamide genes, two
beta-lactam genes, two amphenicol genes, one
aminoglycoside gene, one quinolone gene, and
!!  and !!  integrons in   isolates
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# 
-9+-5;)/-6.)5;1*16;1+9-:1:;)5+-/-5-:15
#6;)3
9;=15
!1?-
#9)*?65
19-:<5
54
4
13
18
19
35.2
25
30.8
27.8
47.4
16.7
15.4
16.7
21.1
3.7
11.1
98.1
100
100
100
94.7
72.2
50
53.8
83.3
78.9
18.5
50
23.1
16.7
10.5
5.6
50
0.0
5.6
0.0
16.7
25
15.4
16.7
15.8
88.9
75
92.3
88.9
89.5
42.6
100
38.5
33.3
42.1
-

";);165
9;=15
!1?-
#9)*?65
19-:<5
#6;)3

# 
9-:-5+-6.73):41,:15*)+;-91)31:63);-:
5
9-:-5+-6.73):41,5
9-:-5+-6.73):41,
4
3
75.0
13
4
30.8
18
9
50.0
19
8
42.1
 

 

652</);165 -5- #9)5:.-9 After determining plasmid profiles of the bacteria isolated in
the study, conjugation (gene transfer) tests were
performed with   K12 J53-2 strain used as
recipient and bacteria having the plasmid as donor.
In the conjugation tests, 10 of the total 24 bacteria
with plasmids were capable of transferring plasmids
to the recipient strain. The presence of antibiotic
resistance genes that were previously detected in
the original strains was investigated in the transconjugant bacteria. It was found that   isolates
from Mediterranean mussels collected from the
station in Giresun in spring could not transfer 
genes. In addition, all of the resistance genes detected in the strains that could transfer plasmids
were transferred them to the recipient strains.

"$""
Bacteriological pollution in the aquatic environment is progressively increasing because of
many factors such as substantial population increase
in residential areas, waste release to recipient environment, and insufficient and incomplete sewage
systems. Because wastewaters in residential areas
are diluted with surface waters without treatment
and released for natural biological treatment, mixing of these waters into the recipient environment
causes biological pollution of the waters. Coliform
bacteria, an indicator of biological pollution in the
water, are found in the intestines of humans and
animals, and reach the recipient environment
through feces [33]. Coliforms act as a bioindicator

1597

%$

" &   

 





 " #!"!


among !# genes in a total of 54 bacterial isolates,
the most common gene was !# (35.2%) followed
by !# and !# (16.7% and 3.7%, respectively).
According to these results, this high detection rate
of sulfonamide genes in bacteria suggested that
bacteria are overexposed to sulfonamide antibiotics
or have acquired resistance genes from other bacteria. It can also be argued that these bacteria may
pose a risk for propagation of these genes in their
environment.
Beta-lactams are broad spectrum antibiotics
and are extensively used in living organisms. It is
known that bacteria resistant to beta-lactam antibiotics are rapidly increasing because of incorrect
antibiotic use and the transport of these antibiotics
to the recipient environment as waste. Resistance to
ampicillin was first mediated by beta-lactamase in
gram-negative bacteria [40]. In addition, Briñas et
al. [41] reported the presence of TEM in  
isolates. Boran et al. [4] reported the presence of
TEM genes in bacterial isolates from cultured
horse mackerel. In this study,  was detected in
98.1% bacteria, whereas the CTX-M1 gene was
detected in 88.9% bacteria. These results are consistent with data in the literature. Marine environments contain more beta-lactam genes, and it has
been concluded that these environments may be risk
factors for propagation and contamination of resistance genes. A higher ratio of a  CTXM1 genes in bacterial isolates can be considered as
an indicator that bacteria develop resistance genes
because of contamination of aquatic environments
with antibiotics used in hospitals, homes, and
farms.
The use of amphenicol antibiotics in aquaculture has recently become widespread [5]. In our
study, bacteria showed resistance to chloramphenicol and florfenicol antibiotics, and the  gene
was only detected in 18.5% bacterial isolates and
the  gene was detected in 72.2%. In particular,
because florfenicol antibiotic resistance has not
developed much yet, the  gene was not detected
at higher rates than the other genes in this study.
This means that bacteria have just started to develop
resistance to these antibiotics.
Plasmids are extrachromosomal DNA fragments that can replicate independently from chromosomal DNA in bacteria and carry resistance
genes against antibiotics and heavy metals. These
plasmids cause the genes against antibiotics and
heavy metals to be transferred between the bacteria,
and the bacteria to develop antibiotic resistance. It
is reported in the literature that some, if not all,
bacterial isolates contain plasmids in various sizes
and levels [42, 43, 44]. Ozgumus et al. [45] reported that plasmids in various sizes between 2.6 and
147 kb were found in bacteria isolated from rivers
and that ampicillin, tetracycline, streptomycin, and
nalidixic acid can be transferred between bacteria
via these plasmids. In our study, it was found that

in their environment and are used as biomonitors
when monitoring pollution. If the environment they
are isolated from is exposed to contaminants, such
as antibiotics or heavy metals, the resistance of
bacteria to these contaminants and their capacity to
contain resistance genes are increased. Because
these bacteria contain resistance genes, they are
considered to be a potential threat. If the organisms
living in the marine environment naturally come in
contact with these water and sediment structures,
these bacteria inevitably contaminate the living
organisms. In this study, antibiotic resistance levels
in   isolates from Mediterranean mussel and
sea snail samples collected seasonally from 12
stations from Artvin, Rize, Trabzon, and Giresun
were determined.
The purpose of most studies is to reveal the
microbial characteristics of mussels and sea snails
[10, 14]. Some studies report that   has an
increased resistance to various classes of antibiotics
in the natural environment [34]. Antibiotic-resistant
fecal bacteria in seafood, such as mussels and
snails, can infect people through water or food. This
has increased the interest of scientists, and studies
performed for detecting contamination conditions in
humans have gained importance. In these studies,
there are resistance differences between the bacteria
because of the location and time of isolation of the
bacteria, and differences in the antibiotics and concentrations tested. In addition, studies have shown
that bacteria are often resistant to more than one
antibiotic [35, 36]. The MAR index in bacteria was
calculated above a threshold value of 0.2 for all
isolates, except for those from Artvin. This is considered to be a sign that environments from which
these bacteria are isolated from are exposed to human and animal pollution. MAR index values were
high in the marine environment because of domestic use of antibiotics, discharge of hospitaloriginated antibiotics, and the migration of antibiotics and their residues used in both aquatic and terrestrial animals into the seas. In this study, the antibiotic resistance of   bacteria isolated from
Mediterranean mussels and sea snails was similar
with that observed in the studies conducted in the
Black Sea Region and other regions.
Recent studies in the literature have increasingly focused on the determination of antibiotic
resistance and resistance genes of bacteria (4, 20,
36, 37). Sulfonamide genes can be propagated and
horizontally transferred between bacteria in seawater, river water, and waste waters [38]. In a study
conducted in North Vietnam [39], the most common gene detected in bacteria isolated from
wastewater and shrimps was !# followed by !#.
The least common gene was !#. Capkin et al. [5]
reported that the most common gene detected in
bacteria isolated from water and sediments in fish
farm was !# (18.2%) followed by !# and !#
(3.77% and 3.14%, respectively). In our study,
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[3] Wright, G.D. (2010) Antibiotic resistance in
the environment: a link to the clinic? Curr.
Opin. Microbiol.13, 589-594.
[4] Boran, H., Terzi, E., Altinok I., Capkin, E.,
Bascinar, N. (2013) Bacterial diseases of cultured Mediterranean horse mackerel ( #
#! " #!) in sea cages. Aquaculture.
8, 396-399.
[5] Capkin, E., Terzi, E., Altinok, I. (2015) Occurrence of antibiotic resistance genes in culturable bacteria isolated from Turkish trout farms
and their local aquatic environment. Dis.
Aquat. Organ.114, 127-137.
[6] Çardak, M., Altug, G., Ay, M., Erol, Ö. (2016)
Distribution of antibiotic resistance and the
presence of vancomycin-resistance genes
($ and $) in " "  isolated from the Sea of Marmara, the Canakkale
Strait and the Istanbul Strait, Turkey. Oceanol.
Hydrobiol. Stud.45,1 82-190.
[7] Heuer, O.E., Kruse, H., Grave, K., Collignon,
P., Karunasagar, I., Angulo, F.J. (2009) Human
health consequences of use of antimicrobial
agents in aquaculture. Clin. Infect. Dis. 49,
1248-1253.
[8] Macrina, F.L., Kopecko, D.J., Jones, K.R.,
Ayers, D.J., McCowen, S.M. (1978) A multiple
plasmid-containing !   strain:
convenient source of size reference plasmid
molecules. Plasmid.1, 417-420.
[9] Garrido-Maestu, A., Lozano-León, A.,
Rodríguez-Souto, R.R., Vieites-Maneiro, R.,
Chapela, M.J., Cabado, G.G. (2016) Presence
of pathogenic   species in fresh mussels
harvested in the southern Rias of Galicia (NW
Spain). Food Control.59, 759-765.
[10]Avşar, C., Berber, İ. (2014) Plasmid profiling
and antibiotics resistance of !  
strains isolated from &"#!  $!
and seawater. J Coast. Life Med.2, 689-693.
[11]Bat, L., Gökkurt, O., Sezgin, M., Üstün, F.,
Sahin, F. (2009) Evaluation of the Black Sea
land based sources of pollution the coastal region of Turkey. Open Mar. Biol. J. 3, 112-124.
[12]McCracken, A., Fidgeon, S., O’Brien, J.J.,
Anderson, D. (1976) An investigation of antibiotic and drug residues in fish. J Appl. Bacteriol.40, 61-66.
[13]Gedik, K., Terzi, E., Yesilcicek, T. (2018)
Biomonitoring of metal (oid) s in miningaffected Borcka Dam Lake coupled with public
health outcomes. Hum. Ecol. Risk Assess. An
Int. J. 24, 2247-2264.
[14]Kacar, A. (2011) Some microbial characteristics of mussels ( &"#!  $!) in
coastal city area. Environ. Sci. Pollut. Res.18,
1384-1389.

44.4% of bacteria contained plasmids. In terms of
the highest plasmid presence ratio in a station,
plasmids were detected in 9 of 18   isolates
isolated from the stations in Trabzon. The size of
the plasmids varied between 2 and 10 kb. In conjugation tests it was observed that, among plasmiddetected bacteria, 10 of 24   strains could
transfer the plasmids to  K12 J53-2 recipient
strains. In this study, the presence of plasmids in
bacterial isolates suggests that bacteria receive
plasmids from other bacteria. In addition, the presence of plasmids in bacterial strains that have an
important role in human health, such as  ,
might indicate that bacterial diseases will be more
difficult to treat with antibiotics because of the
ability of the plasmids to impart resistance to the
bacteria. In addition, it is considered that gene
transfer between bacteria will cause an increase in
resistant bacteria in both aquatic environments and
production farms, such as aquaculture, and that the
production will be more expensive because of an
increase in antibiotic consumption.
$"
The presence of antibiotic resistance genes
was investigated in this study by examining the
presence of   in samples of Mediterranean
mussels and sea snails collected from 12 different
locations in the provinces of Artvin, Rize, Trabzon,
and Giresun in Eastern Black Sea Region. The
presence of antimicrobial resistance genes in 
strains isolated from aquatic environments suggests
that these areas are a reservoir for these genes. In
addition, bacteria with resistance genes may play a
significant role in the dissemination of resistance
genes between pathogenic and non-pathogenic
bacteria via their plasmids.
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It has been reported that many of the salt tolerant accessions accumulated comparatively high
concentrations of chloride in the leaves. Hence,
visual examination of leaf chlorosis may be a better
evident of tolerance than chloride concentration for
the perennial    accessions. Some of the tolerant accessions maybe exploiting the uptake of chloride for osmotic regulation [5]. Moreover, the leaf
scorch problem on salt sensitive cultivars obviously
is caused by a Cl accumulate in poorly-drained
Flatwoods soils [6].
Shoot growth reduction is possible because of
hormonal signals generated by the roots. When
excessive amounts of salt uptakes by plants, the
toxic levels in the older transpiring leaves will be
risen by salt. Then premature senescence will be
affected, and the photosynthetic leaf area of potato
plantswill be decreased to a level that result in reduction of growth mechanisms. However, saltsensitive plants differ from salt tolerant plants by
containing low rate of Na+as well as Cl- transport to
the leaves. Therefore, the low rate of Na+ and Clwill cause the capability to compartmentalize these
ions in vacuoles to block theirbuild-up in cytoplasm. The same happens in cell walls as well and
thus prevent plants from salt toxicity [7].
Plant growth can be unfavorably affected by
salinity-caused by nutritional disorders. Salinity
generated by Na salts decreases either Ca+2 obtainability or Ca+2 transport and movability toward to
growing regions of the plant. This causes effect on
vegetative and reproductive organ of plants. Salinity can affect nutrient uptake. For instance,
Na+causes to reduce K+ uptake and Cl- causes to
reduce NO3- uptake. Moreover, salinity may also
introduce a combination of complex interactions
that control plant metabolism, vulnerability to injury or internal nutrient requirement [8]. Calcium
deficiency due to salinity is related to potato ( 
   L.) tuber disorders and improved
tuber health is expected through increased Ca availability [9, 10].
The objectives of the current study was to
compare the response of five potato cultivars to
chloride stress sources from either calcium chloride
or sodium chloride for tuber and marketable yields,
internal defects, specific gravity and influence of

Field trials were performed using the five following cultivars; Dark Red Norland, Russet Burbank, Superior, and Snowden. Randomized complete design with four replication swere conducted.
Chloride salt treatments were given to plants twice
after 7 and 11weeks of planting. The rate applied
was about 100 kg per hectare from NaCl, CaCl2 or a
combination of 50% NaCl and CaCl2. About 70 A
grade tubers from each replicationwere cut and
examined for internal defects after harvesting. The
tissue calcium concentration of periderm and nonperiderm were then measured. From each replication, a composite sample of 20 tubers were combined for Ca analysis. Our results showed: (i) NaCl
stress reduced tuber yield in all of the cultivars.
This reduction was not as dramatic in the cultivar
Superior. (ii) NaCl also reduced specific gravity by
about 5% as well as tuber tissue calcium concentrations of cultivars. (iii) Same amount of chloride
supplied from calcium chloride as a source increased tuber tissue calcium concentrations in all
cultivars. However, there was no negative impact
on either specific gravity or tuber yield. Results
support our previous studies indicating that the
negative impact of chloride on potato cultivars is
only presented when NaCl is used as the source of
chloride.


*)"$%
  , salt stress, tuber calcium concentration, potato yield, potato quality
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The source of excess salts in the soil solution
are mainly due to chloride and sulfate anions and
sodium, magnesium, and calcium cations [1, 2].
Soil salinity affects the accessibilityof soil water
because of its osmotic potential component [3].
Generally salt effected plants occur as normal,
although they are stunted and have darker green
leaves, sometimes they are thicker and more succulent [4].
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ing same amount of the solid NaCl, CaCl2, and
combination of NaCl+CaCl2 were applied from
calibrated container in one direction uniformly to
the top of the hill with minimal foliar contact.These
were applied dry in bands at the base of each side of
the row. Applications repeated in this way for all
rows within each plot. Field plots received heavy
leaching rains following the applications.17 days
after last application, 20 petioles were sampled
from both inner rows for each experimental plot and
cultivar except cv. ‘Dark Red Norland’. Dark Red
Norland is earlier variety so, it had not acceptable
leaf sample that time.

& 
#;/95+7=<835/7?3;876/7=+5+7.</+<87+5
3708;6+=38708;/A9/;36/7=-87.>-=/.+=
A9/;36/7=%=+=387+7-8-41;3->5=>;+5
%=+=387)+><2+;+8>7=B)

the premiderm and nonperidem tissue calcium concentration.
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Certified, whole B-size seed tubers of  
   L. cv. ‘Russet Burbank (BUR),
Dark Red Norland (DRN), Snowden (SNW), Atlantic (ATL), Superior (SUP)’ were planted on a plantifield loamy sand (sandy, Typic Udipsamment,
mesic, mixed) under linear irrigation system at the
Universty of Wisconsin at Agricutural Research
Station, Hancock.Soil PH of experimental field was
about 6 and cation exchance capacity was abouth 3
meq/100g [11]. Each plots consisted of four 6.1 m
total rows. Experimental rows was two 6.1 m
length. In-row seed tuber was 30 cm and between
row spacing was 91 cm, respectively. Treatments
used in current study are listed in Table 1. A completely randomized design with four replications
was conducted.

& 
%8>;-/;+=/+7.+9953-+=387=3637180!+5
+5 +7.!+5+5 7>=;3/7=<8>;-/<+7.
=2/3;+9953-+=3879;+-=3-/<+;//A95+37/.37
6+=/;3+5<+7.6/=28.<

Year 2010
Soil Information
Preplant
Soil type
Previous crop
PH (in water)
Organic matter (%)
Average test P-K-Ca (ppm)
K application (kg ha-1)
Starter at planting (at the
rate of 616 kg ha-1)
Season information
Dates
Planting
Emergence (50%)
Vinekill
Harvest
Total days

Date and rate of applications (kg ha -1)
Treatment
18 June
16 July
Control
…
…
NaCl
462
462
CaCl2
568
568
NaCl+CaCl2
231+284
231+284

When needed to replace soil water lost due to
evapotranspiration, irrigation during the experiment
was applied 3 or 4 times a week. Insect pest pressures, disease and low weedwere maintained by
using cultivation and recommended agrochemicals
common to commercial practices in the Central
Sands region of Wisconsin.
All treatments were given an equal amount of
total nitrogen. The details of treatment and nutrient
application are given in Table 2. As starter fertilizer, 616 kg ha-1 (6N-30P-22K-4S) with micronutrients was added at planting to all treatments. Later
on 403 kg ha-1 (21-0-0-24S) was applied to all
plants. At hilling 392 kg ha-1 dry amonium nitrate
(34N-0P-0K) was applied to all the treatments.
After 1 and weeks of hilling 168 kg ha-1 and 112 kg
ha-1amonium nitrate (34N-0P-0K) was given, respectively. In addition, after the 4 th.and 5 th. week
of the hilling 127 kg ha-1and 72 kg ha-1 urea amonium nitrate (32N-0P-0K) was applied respectively to
all treatments.
NaCl, CaCl2 and combination of NaCl and
CaCl2 applied to all four rows within each experimental row (568 kg ha-1 solid CaCl2(%77)), 462 kg
ha-1 solid NaCl, 231 kg ha-1NaCl+284 kg ha-1 CaCl2
(%77)).6 days before hilling and 22 days after hill-

Plainfield
Loamy
(Typic Udipsamment)
Soybean
8.12
1.0
115-97-387
403

Sand

6-30-22

11 May
5 June
20 August
10 September
121

After the chemical vine desiccation, tubers
were harvested. For harvesting, two inner rows (of
each four rows) with a single-row in plots were
consider. Tubers were allowed to drop 0.63 m into
crates during mechanical harvest. After that, tubers
were graded into cull (misshapen, green, and decayed). Therefore grading tubers were done as
follow; B-grade (<57 g, passing 4.75-cm screen),
and A-grade (57-114 g, 114-170 g, 170-284 g, 284369 g, 369-454 g, and>454 g) with an electronic
grader (Gallenberg, Antigo, WI). Immediately after
grading, 25 tubers from 170-284 g A-grade class of
each experimental plot was collected randomly and
transferred into 5ºC, about 60% relative humidity
for measure of specific gravity, Ca concentration
and evaluation of internal quality. Also, all the Agrade tubers were stored at the same place for evaluation of tuber internal quality and presence of
scab.
After 4 to 6 weeks in storage, 70 tubers (from
114 to 369 g) from each individual plot were regarded for evaluation of internal quality purposes
and incidence of pitted scab. Also, after the storage
20 samples were taken from chosen tuber samples
from each plot for Ca analysis. Specific gravity
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(SG) was determined from a tuber samples of 170
to 284 g using the weight in air as well as weight in
water methods the maximum and minimum optimum for potato [12]. 10 tubers of 20 tuber samples
were washed with a minimum volume of distilled
water and peeled using a hand vegetable peeler for
periderm tissue Ca analysis. Then 101-2 mm thickness peeled tubers and 10 non-peeled tubers halved
length wisefor periderm and nonperiderm Ca analysis from each treatment.
Periderm from the entire tuber and nonperiderm tissue from the half tuber were prepared to Ca
analysis. Tissue Ca analysis for nonperiderm samples were taken by 5 mm thick longitudinal slice
from centre of each tuber. The cortex and periderm
tissues were removed from the slice of tuber using a
razor blade and nonperiderm and periderm tissues
were prepared to Ca analysis as described by [13].

Tissue samples were dried (70ºC, 48 h),
groundand weigthed, ashed (550 ºC 6 h). After then,
ash was dissolved in 2 N HCl, and diluted with a
lanthanum chloride (LaCl3 x 7H2O) solution and
distilled-deionized water to obtain samples in 0.2 N
HCl and in 2000 mg L-1. Every each sample was
duplicated. Calcium concentration of samples was
determined by atomic absorption spectrometry
(Varian model SpectrAA-20; Varian Associates,
Inc., Sunnyvale, Calif.).
The data were tested to determine of effects on
the tuber Ca concentration, total and marketable
tuber yield, petioles NO3-N content, internal physiological defect ratio (hallow heart, internal brown
spot, and brown center), specific gravity, incidence
of scab rate and severity of scab per tuber by using
PROC GLM in SAS [14].
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Data were recorded from four replications. Means labeled with the same letters are not significantly different PROC GLM in
SAS at < 0.05 (analysis of variance and Duncan’s multiple range test)
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Data were recorded from four replications. Means labeled with the same letters are not significantly different PROC GLM in
SAS at < 0.05 (analysis of variance and Duncan’s multiple range test).


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

&>,/; +7. 6+;4/=+,5/ B3/5.  During the research period the five cultivar trials were conducted
on response of Control, NaCl, CaCl2 and combination of NaCl+CaCl2 applications. Except Superior
the application of NaCl decreased the total and
marketable tuber yield for all the cultivars Russet
Burbank, Dark Red Norland, Snowden, and Atlantic. In addition, there were no significant difference
between CaCl2 and NaCl+CaCl2 applications for
total and marketable tuber yield (Figure1a and 1b).
Tuber yield was higher than NaCl treatment when
CaCl2 used as source of salt. CaCl2 application tended to be increase total and marketable tuber yield.
In addition, this study showed that, all cultivars
displayed similar reduction to total and marketable
yield value under the NaCl conditions. Studies
reported that calcium supply (CaCl2) might take
part in the Na+ exclusion mechanism by preventing
Na+ transport to the shoot. This may be avital ability
for survival undersaline field conditions [15, 16, 17,
18]. A study by Etehadnia et al. 2010 [19] showed
that while the CaCl2 acclimation pre-treatment was
not as effective as NaCl pre-treatment, the importance of calcium in stress acclimation cannot be
excluded. This authors expressed that the adverse
result of mixed salts have also been triggered by Clion.

%9/-303-;+?3=B Specific gravity results were
similar with each other between treatments for
cultivars except cv. Superior. Cultivars were negatively affected by the NaCl application and they had
low specific gravity. Dark Red Norland had the

lowest specific gravity scores for NaCl as well as
for all othertreatments (Figure 2). The same amount
of chloride supplied from calcium chloride as a
source increased tuber specific gravity in all cultivars tested and notnegatively associated with specific gravity. These results are in agreement with
the results those reported by Ghosh et al. 2001 [20]
as showed that yield reduction was caused by the
decrease in average marketable tuber weight, the
number of both total tubers perplant, and tuber
specific gravity by the salt treatments.

/0/-=< Results show that there was not significantly difference between treatments for the
internal brown (IBS) spot ratio although, internal
brown spot ratio was reduced by the CaCl2 treatment. Atlantic had significantly much higher internal brown spot, brown centre and hollow heart ratio
than other cultivars (Table 3). Common scab was a
serious soil-borne bacterial disease. Our results
showed that the incidences of scab ratio and severity of scab in ‘Atlantic’ and ‘Snowden’ were higher
than the other cultivars (Table 3). It has been found
that by increasing of the nonperiderm tissue Ca
concentration, incidence of the internal tissue defects are decreased [21]. Also the incidence of the
IBS disorder was reduced by soluble Ca sources
[22]. It has been found that some varieties were
more resistant to common scab than others [23].

#/=385/ !"! Petiole samples were taken to
determine the relative N status of the plant. The
results of petioles NO3-N were depicted at Figure 3.
Except cv Snowden the means between treatments
were not significantly different. The control appli-
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cation in Snowden, Atlantic and Burbank tended to
have higher Petiole NO3-N then the other treatments. Waterer 1997 [24] pointed out that the most
readily accessible forms of nitrogen are nitrate and
ammonium but nitrate (NO3-N) arises most frequently in irrigation water. Little nitrogen is absorbed by potatoes after 70–80 demergence.

lyzed since the total and marketable yield also
specific gravity results have been found higher in
CaCl2 and combination of NaCl and CaCl2 than
NaCl treatment. Tuber tissue calcium concentration
tended to increase by calcium application. The
result in our study showed that in the combination
of NaCl + CaCl2 application on nonperiderm and
periderm Ca concentration were higher than the
NaCl application (Figure 4a and 4b). Kratze and

+5-3>6-87-/7=;+=387 Tuber (nonperiderm)
and skin (periderm) tissue Ca content were ana


'$
&;/+=6/7=87=;85!+5+5 !+5+5 /00/-=87.300/;/7=98=+=8->5=3?+;<=5+7=3->;,+74
+;4$/.!8;5+7.%78@./7%>9/;38;!"!
Data were recorded from four replications. Means labeled with the same letters are not significantly different PROC GLM
inSAS at < 0.05 (analysis of variance and Duncan’s multiple range test)
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1.43a

0.36a

2.5a

2.14a

Control

NaCl+CaCl2

CaCl2

NaCl

Control

NaCl+CaCl2

NaCl+CaCl2

Burbank
Dark Red
Norland
Snowden
Superior

0a
0.95a

22.86a

;8@7/7=/;

CaCl2

4.81a

7=/;7+5;8@7%98=

NaCl

Atlantic

CaCl2

NaCl

Control

Cultivars

8558@/+;=

4.29a

1.43a

3.21a

30a

13.33a

21.43a

6.19a

2.14a

0a

3.81a

4.29a

1.43a

0a

3.81
a
0a

0a

0a

0a

0.36a

1.43a

0a

0a

0a

0.48a

0a

0.71a

0a

0.48a

0a
1.9a

0a
2.24a

0a
0.36a

1.4a
0.71a

41.43a

0.95a
0.36a
8.93a
0.71a
0.36a
0a
7-3./7-/80%-+,
60.48a
36.07a
30.71a
49.29a
25.71a
23.93a
18.57a
30.36a

17.14a

0a
1.43a
0a
4.64a
1.9a
1.43a
0a
0a
%/?/;3=B80%-+,7>6,/; =>,/;
1.56a
1.66a
0.92a
1.4a
0.58a
0.56a
0.66a
1.29a

Atlantic
Burbank
Dark Red
3.21a
4.64a
0.71a
2.38a
0a
0.1a
0a
0.06a
Norland
Snowden
50.48a
30a
31.43a
31.79a
2.5a
0.7a
1a
0.9a
Superior
0.95a
1.07a
0.71a
1.07a
0.06a
0.06a
0.008a
0.017a
After 4 to 6 wk in storage, 70 tubers (between 114 - 369 g) from each plot were rated for evaluation of internal quality and incidence and
severity of pitted scab. All the values explained as the mean of four replications. Means labeled with the same letters are not significantly
different PROC GLM in SAS at< 0.05 (analysis of variance and Duncan’s multiple range test)
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Data were recorded from four replications. Means labeled with the same letters are not significantly different PROC GLM in
SAS at < 0.05 (analysis of variance and Duncan’s multiple range test)

Palta, 1986 [13] concluded that Ca must to be
placed close to tuber and stolon region. It has been
presented that the significance of calcium in stress
acclimation cannot be excluded, since low levels of
Ca2+ existed in the background nutrient and NaCl
salt stress solutions [19]. Calcium is known to role
as a signaling molecule and can reduce to effect of
heat and cold stress on potatoes [25, 26]. Tawfik et
al., 1996). On the other hands, our findings showed
that the application of the CaCl2 as source of Ca
increased tuber Ca concentration and had not negative effect on yield component and defect parameters, suggesting that negative effect of chloride on
potato is not due to CaCl2.


"!'%"!

ments were given to plants from NaCl, CaCl2 and a
combination of NaCl and CaCl2.NaCl stress reduced tuber yield in all the cultivars. Same amount
of chloride supplied from calcium chloride as a
source increased tuber tissue calcium concentrations in all cultivars and there were no negative
impact on either specific gravity or tuber yield. We
showed that the negative impact of chloride on
potato cultivars is only presented when NaCl is
used as the source of chloride.
!") !&%
This research presented (oral) at the 95th Annual Meeting of the Potato Association of America
Wilmington, North Carolina, USA August 14–18,
2011.

Field trials were performed using the five following cultivars; Dark Red Norland, Russet Burbank, Superior, and Snowden. Chloride salt treat-
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Oxidative stress is an imbalance between the
production and removal of free radicals and other reactive species that result in, the oxidation of important biomolecules thereby leading to cellular
damage [1]. Free radicals are able to oxidize protein,
lipid and thereby can cause serious illnesses [2]. Medicinal plants with high levels of antioxidants are
able to safeguard the human body from free radicals
and oxidative stress and hence many diseases related
to them. As a result, these plants comprise the principal source of innovative medications and
healthcare products [3, 4]. Synthetic antioxidants,
unlike natural antioxidants extracted from plants,
amass in the body and can result in damage to the
liver and the formation of cancerous cells [5]. Furthermore, plant derivatives are known to have potential uses for reserving foodstuffs and their proximate
and mineral content is also very important due to
their potential use as spices and flavoring agents in
food. In recent years there has been increasing levels
of interest in finding and developing the potential of
these plants with high antioxidant capacities [3, 4].
There is evidence of strong antioxidant activity
in many plants belonging to the Lamiaceae family
and when the quantity and significance of species
that have these therapeutic advantages are taken into
account, plants from the Lamiaceae family, emerge
as one of the most significant. This in turn, provides
vast opportunities for research and investigation.
The Lamiaceae family includes about 250 genera
and 3000 species [6]. As members of the Lamiaceae
family, the antioxidant capacity of Thymus and Origanum are noteworthy. Turkish flora includes 38
Thymus species, of which 20 are endemic [7]. +
")' ,+$' Griseb. is a medicinal plant species
belonging to the genus +")' and it is used in the
treatment of several diseases, such as gastrointestinal
and respiratory tract problems [8]. Origanum L. is
the other genus. There are 22 species in Turkey, 21
of which are endemic to the country [4]. O&#)"
'%+!)" is a medicinal plant species belonging to
the genus &#)" [9] and is used for stomach
aches and as a cough therapy [10]. Traditionally, the
vegetative parts and biochemical extracts of this

$%#%

The present study was designed to examine the
total phenolic, flavonoid, tannin contents, antioxidant and cytotoxic properties of hydroethanolic and
hydromethanolic extracts of &#)"'%+!)" and
+")',+$'and to determine their proximate
parameters (ash, carbohydrate, protein, fat, energy)
and mineral elements (P, Mg, K, Zn, Fe, Cu). The
antioxidant properties of these plants were evaluated
using radical scavenging methods (DPPH and
ABTS), total antioxidant test systems (β-carotene/linoleic acid and phosphomolybdenum), metal
chelating and reducing power assays. Among the extracts, the hydromethanolic extract of  ,+$'
exhibited the highest scavenging (DPPH, 40.14
µg/mL, ABTS, 49.17 µg/mL) and antioxidant capacity (phosphomolybdenum, 72.21 µg/mg). There
were no statistical differences among the chelating
activity of the extracts. The hydroethanolic extract of
 ,+$' showed the highest reducing capacity.
The total antioxidant activity of the extracts with βcarotene/Linoleic acid test was in the range of 87.9192.69 %. In addition,  '%+!)" and  ,+$'
also possessed rich total phenolic, flavonoid and tannin contents. With regard to cytotoxite, all extracts
exhibited high cytotoxic activities. The phenolic
content of the hydroethanolic extracts was examined
using HPLC and determined major phenolics: caffeic acid, rutin and epicatechin. Based on the results,
these medicinal plants may be considered as an alternative source of antioxidant and cytotoxic agents
for pharmacological applications, as well as potential sources of nutritional requirements for human dietary components and the food industry.
*( #$
ICP-OESMineral elements, Proximate contents, +")'
,+$', &#)"'%+!)"
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OSHM: Hydromethanolic extract of  '%+!)"
TZHE: Hydroethanolic extract of  ,+$' ;
TZHM: Hydromethanolic extract of  ,+$').
Each experiment was conducted in triplicate.

plant have been used as a medicinal tea or as food
additives [9, 10].
Significant quantities of phenolic and flavonoid
compounds have been identified in Thymus and Origanum species that demonstrate strong antioxidant
activities [4, 9, 11]. Also, previous studies have
demonstrated various Thymus and Origanum plants
with antioxidant capacities [4, 9, 11, 12, 13] but even
so, a thorough investigation of the current literature
indicates that there are only a few reports dealing
with the biological activities of ethanol, acetone, water and methanol of  '%+!)" [4, 9, 14] and 
,+$'[13]. From this perspective, the biological
activities of members of these genera require comprehensive evaluation with different solvents. This is
because, the discrete examination of plant extracts,
obtained from different solvents and plant parts, can
make a significant contribution to medicinal plant
studies and their pharmaceutical applications [1517]. Within this scope, '%+!)" and ,+$'
are plants worthy of additional investigation. With
these points in mind, the purpose of this study was to
evaluate two medicinal plant species grown in Turkey, as new potential sources of natural antioxidants.
Therefore, in this study, an evaluation was made of
the biological activities (antioxidant and cytotoxic),
phenolic compound, proximate content and mineral
element composition of these medicinal plants.


%#$% $

!5+7<6+</:3+5;The aerial parts of the medicinal Lamiaceae plants were collected from different
regions of Turkey. +")' ,+$' Griseb. was
collected in June 2016 from Honaz Mountain, Denizli, Turkey. '%+!)". was collected in June 2017
from above the Çamlık forest, on the old DenizliKızılcabölük road, in mixed #)' &)()&)'
$& forest clearings, Denizli, Turkey. The
plant materials were identified and stored with
voucher specimens ( ,+$'; Herbarium No:
2016-996,  '%+!)"; Herbarium No: 2017-4-92)
at the private herbarium of M. Cicek (PAU), plant
taxonomist from the Biology Department of Pamukkale University, Denizli, Turkey.

>+5=+<387 80 <8<+5 +7<38@3.+7< +-<3>3<A D
-+:8</7/53785/3-+-3.6/<28.The antioxidant capacity was evaluated using the method of Amin and
Tan [18]. The stock solution was prepared as follows: β-carotene (2 mg) was dissolved in chloroform
(10 mL). Linoleic acid (20 µL) and 200 µL of 100%
Tween 20 was added for one milliliter of the solution. A rotary evaporator was used to remove the
chloroform. Then the remaining residue was added
to 100 mL of dH2O and the 1 mL extracts were combined with this emulsion (24 mL). A spectrophotometer was immediately used to measure the initial absorbances at 470 nm. After 2 hours at 50o C, the
measurement of the absorbance of this mixture was
repeated, and a synthetic antioxidant (BHT, Butylated hydroxytoluene) was applied as the positive
control. 
!28;928685A,./7=6 6/<28. In this
method, the antioxidant capacities of  ,+$'
#'%+!)"extracts were determined according
to that of Prieto et al. [19]. The extracts (0.3 mL)
were mixed with working solution (0.6 M sulfuric
acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The mixtures were kept at 95 oC
for 90 min and then the absorbances of these mixtures were measured at 695 nm. The antioxidant capacity of the extracts was expressed as equivalents
of ascorbic acid.
/+;=:/6/7<; 80 :+.3-+5 ;-+>/71371 +-<3>
3<A !! 0:// :+.3-+5 ;-+>/71371 +-<3>3<A The
DPPH method was conducted according to the procedure of Meriga et al. [20]. The different concentrations of the extracts (1 mL) were mixed with methanolic DPPH (2,2-Diphenyl-1-picryl hydrazyl radical) solution (4 mL). The reaction solution was incubated for 30 minutes and following this the absorbance of extracts was recorded at 517 nm. These outcomes were calculated as IC50 values; that is, the
strength of the sample required to scavenge 50 % of
DPPH radicals.

!:/9+:+<387 80 <2/ 95+7< /@<:+-<; The hydroethanolic and hydromethanolic extractions were
performed by mixing the sample (30 g) with 300 mL
of ethanol:water (70:30, w:w ) and methanol:water
(70:30, w:w) respectively, and shaking at 50o C for 6
h in a temperature and filtered through Whatman
No.1 filter paper. The combined extracts was evaporated using a rotary evaporator under vacuum at 4050o C. The samples were lyophilized and kept at -20o
C. Four-letter acronyms were used in the manuscripts, the first two letters referring to the name of
the species and the final two referring to the solvent
(OSHE: Hydroethanolic extract of  '%+!)"

%$ :+.3-+5 -+<387 ;-+>/71371 +-<3>3<A
The scavenging activity of  ,+$' # 
'%+!)" extracts was determined according to the
method described by Shalaby and Shanab [21], with
slight modifications. The sample preparation and
procedure followed were given by Kaska et al. [22].
The radical scavenging activity of the extracts was
estimated based on the ABTS color reduction, by
calculating the IC50 (concentration in μg/mL that
cause 50 % inhibition of the ABTS radicals).
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>+5=+<38780:/.=-37198?/:+-<3>3<3/; The
reducing power of the '%+!)"#,+$'
was evaluated using the method described by Oyaizu
[23] with slight modifications. The sample preparation and procedure followed were those given by
Kaska et al. [13].

standard solutions at the concentrations of 1000 ppm
(mg/L). For the preparation of standard solution deionized water was used. In order to determine the
calibration curve, standard solutions at the range of
concentrations from (0.005-1 ppm) were used. The
study used the analytical lines of the highest intensity. An analysis of samples for the presence of elements was carried out using an optical emission
spectrometer with the inductively coupled plasma
(ICP-OES).

/+;=:/6/7<; 80 6/<+5 -2/5+<371 -+9+-3<A
The metal chelating assay was conducted using the
method described by Karpagasundari and Kulothungan [24] with slight modifications. The extract
(0.1mL) was mixed with ddH2O (0.32 mL) and 2
mM FeCl2 solution. After 30 s, ferrozine (5 mM) was
added. By adding ferrozine, the reaction was activated. After approximately 10 min at room temperature, the absorbance of the solutions was read at 562
nm. The synthetic metal chelator (EDTA) was applied as the positive control. The metal chelating activity was calculated in following way:
Chelating ability (%) = [(Aco- Asamp) / Aco] × 100,
(Aco:absorbance of the control and Asamp:absorbance
of the extract or positive control, EDTA.)

"=+7<303-+<387 80 92/7853- -8698=7.; ,A
! Reversed-phase high performance liquid
chromatography (RP-HPLC, Shimadzu Scientific
Instruments) was used for the determination of the
phenolic compound. The phenolic composition of
the hydroethanolic extracts of  '%+!)" # 
,+$' was determined according to the method
of Caponio et al. [29] with slight modifications. The
procedure followed was given by Kaska et al. [13].
Gallic, 3,4 dihydroxybenzoic, 4-hidroxybenzoic, 2,5
dihydroxybenzoic, chlorogenic, vanillic, caffeic, %coumaric, ferulic, cinnamic acid and quercetin, epicatechin, rutin were used as standards. The quantitative analysis were made by comparing the standards.
The results were expressed as µg/g of each compound from the total phenolic compounds.

/</:637+<387 80 <8<+5 92/7853- 05+>8783.
+7.<+7737-87</7<;The total phenolic content was
ascertained according to the Folin-Ciocalteu method
[25]; the total flavonoid content of the extracts was
determined using the method of Arvouet-Grand et al.
[26] and the Tannin content was investigated using
the vanillin-HCL method of Broadhurst and Jones
[27]. Kaska et al. [22] provided the sample preparation and procedure for determining the total phenolic, flavonoid and tannin content. The results were
represented as the equivalents of Gallic acid (mg
GAE/g), quercetin (mgQEs/g) and catechin
(mgCEs/g) for phenolic, flavonoid and tannin content respectively.

/</:637+<387 80 !:8@36+</ -8698;3<387
The plant materials were analyzed to determine proteins, fat, carbohydrates, ash and energy, according
to the protocols described in the AOAC guidelines
[28]. The macro-Kjeldahl method was applied to
evaluate the crude protein content of the samples.
The crude fat was evaluated with a Soxhlet apparatus
for which a known weight of the powdered sample
was extracted with petroleum ether, the volume of
ash was established by burning at 650±15°C and total carbohydrates were calculated by difference. Energy was calculated based on the following equation:
Energy (kilocalorie) = 4 × (g protein+ g carbohydrate) + 9 × (g fat).

7>/;<31+<38780A<8<8@3-+-<3>3<A In the present study, the cytotoxic activity of ,+$'#
'%+!)"was investigated using the Brine shrimp
lethality bioassay [30]. Kaska et al. [13] provided the
sample preparation and procedure for determining
the cytotoxic activity. The data analysis were done
using the EPA Probit Analysis Program.
$<+<3;<3-+5 +7+5A;3; The statistical analyses
were done using MINITAB Statistical Package program. The results were presented as mean ± SE
(standard Error). Differentiations between the extracted groups were tested using Analysis of Variance and following this Tukey were performed
(P<0.05).


#$&%$$&$$ 

7<38@3.+7<+-<3>3<3/;%8<+5+7<38@3.+7<+-
<3>3<AD+:8</7/53785/3-+-3.+7.!28;92868
5A,./7=66/<28.Lipid peroxidation is one of the
principal causes of food quality deterioration. For
these reasons, antioxidants are used in lipid containing foods to delay the development of toxic oxidation, maintain nutritional quality and prolong a foodstuff's shelf life [12, 31]. As a result of their antioxidative properties, numerous plants are often used
these days as sources of nutritional additives. The
antioxidant capacities of medicinal and culinary Lamiaceae herbs have been shown to be efficient in delay the process of lipid peroxidation in fatty foods

37/:+5/5/6/7<+7+5A;3;The macro (potassium (K), magnesium (Mg), Phosphorus (P)), and
micro elements (Iron (Fe), Zinc (Zn), Copper (Cu))
were determined using ICP-OES method. The samples of the studied herbs were mineralized in nitric
acid 65 % HNO3. The standard solution were prepared by diluting (P, Mg, Fe, K, Zn, Cu) (Merc)
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[32]. In this study, the capability of plants regarding
the inhibition of linoleic acid oxidation was investigated using the β-Carotene test system. The results
exhibit that hydroethanolic extract of  '%+!)"
(OSHE, 92.58 ± 1.54 %) and the hydroethanolic extract of ,+$' (TZHE, 92.69 ± 1.13 %) showed
stronger antioxidant activity than the hydromethanolic extract of '%+!)" (OSHM, 87.91 ± 0.93
%) and hydromethanolic extract of  ,+$'
(TZHM, 89.98 ± 1.03 %) (Fig.1). '%+!)" and 
,+$' exhibited strong antioxidant properties,
although the antioxidant activities of them were less
than that BHT (93.71 ± 0.26 %). The levels of antioxidant properties could be sufficient for these plants
to be a natural source of antioxidant substances for
use in the food industry as a natural additive.
The phosphomolybdenum assay is dependent
on the formation of a green phosphate /Mo (V) complex, which results from the reduction of Mo (VI) to

Mo (V) in the acidic medium by extract [19]. The
reducing properties are generally associated with the
presence of reductones that act as an antioxidant with
the breaking of the free radical chain by donating a
hydrogen atom [9, 33]. The results of the phosphomolybdenum assay presented in Table 1 indicate that
hydroethanolic and hydromethanolic extracts from
'%+!)"and,+$' possess antioxidant capacities. The results indicate that the hydromethanolic extract of ,+$' showed highest antioxidant activity. It has been reported that the antioxidant activity of extracts depended on the presence of
polyphenols, which may act as reductones [33].
Therefore, the strong antioxidant capacity of the hydromethanolic extract of  ,+$' may be attributed to the presence of polyphenols.


&# 
%8<+5+7<38@3.+7<+-<3>3<A?3<2D-+:8</7/3785/3-+-3.</;<;A;</680   +7.



OSHE: Hydroethanolic extract of '%+!)"; OSHM: Hydromethanolic extract of '%+!)"; TZHE: Hydroethanolic extract of ,+$'; TZHM: Hydromethanolic extract of ,+$'BHT: Standard antioxidant (different groups were shown
with different letters on each boxplot)

% 
7<38@3.+7<9:89/:<3/;80   +7.



Phosphomolybdenum
DPPH
Metal chelating activity
Reducing power
Sample
(µg/mg)*
(IC50, µg ml-1 )*
(%)*
activity (mg/mL)*
OSHE
53.45 ± 1.62 b
54.96 ± 2.29 b
7.16 ± 0.61 b
0.58 ± 0.03 c
OSHM
52.36 ± 3.86 b
95.89 ± 0.57 a
7.6 ± 0.98 b
0.68 ± 0.06 bc
TZHE
60.15 ± 2.16 ab
92.72 ± 0.61 a
6.77 ± 0.27 b
0.92 ± 0.03 a
TZHM
72.21 ± 4.13 a
40.14 ± 1.87 c
7.72 ± 0.45 b
0.76 ± 0.02 b
BHT
nt
31.76 ± 1.72 d
nt
nt
EDTA
nt
nt
70.61 ± 0.11 a
nt
OSHE: Hydroethanolic extract of '%+!)"; OSHM: Hydromethanolic extract of '%+!)"; TZHE: Hydroethanolic extract of ,+$'; TZHM: Hydromethanolic extract of ,+$'BHT and EDTA: Standard antioxidants; nt: not tested
*Values indicate the mean of three replicate determinations (n=3) ± standard error, while mean values with different letters
show a significant difference (p<0.05).
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&# 
%$:+.3-+5;-+>/71371+-<3>3<A80   +7.



OSHE: Hydroethanolic extract of '%+!)"; OSHM: Hydromethanolic extract of '%+!)"; TZHE: Hydroethanolic extract of ,+$'; TZHM: Hydromethanolic extract of ,+$'BHT: Standard antioxidant (the individual groups are
shown by using different letters on each plot)

!!0://:+.3-+5+7.%$:+.3-+5-+<387
;-+>/71371+-<3>3<3/;As well as playing a significant role in a wide range of chronic diseases, free
radicals are also involved, to an important extent, in
the processing of lipid peroxidation [12]. The DPPH
is deemed as a model of a stable lipophilic radical
and one often used to calculate the radical scavenging activity of plant extracts. Antioxidant molecules
can quench DPPH radicals by providing hydrogen
atoms or electron donating [11, 34]. Higher DPPH
radical scavenging activities were associated with
lower IC50 values. The hydromethanolic extract of 
,+$' (TZHM) exhibited the greatest antioxidant
activities with an IC50 value of 40.14 µg/mL, followed by hydroethanolic extract of  '%+!)"
(OSHE), hydroethanolic extract of  ,+$'
(TZHE) and hydromethanolic extract of '%+!)"
(OSHM) (Table 1). In addition, there were no differences (p>0.05) between the OSHM and TZHE extracts, but OSHE and TZHM were found to be statistically different both from each other and with the
other extracts (F4,35= 356.52 p<0.001). The hydromethanolic extract of ,+$' (TZHM) showed
a potency as effective as BHT in the scavenging of
DPPH free radicals. This may be related to the high
amount of flavonoid and phenolic compounds in the
hydromethanolic extract of ,+$'. These finding are in line with previous reports [35] that showed
a relatively strong correlation between total phenolic
contents and free radical scavenging activities.
A significant aspect of antioxidants is proton
radical scavenging and ABTS, a protonated radical,

has typical absorbance maxima of 734 nm; however,
this decreases with the scavenging of the proton radicals [36]. The ABTS scavenging capacity of the hydroethanolic and hydromethanolic extracts from 
'%+!)"#,+$' were determined and hydromethanolic extract of  ,+$' (TZHM) exhibited the highest antioxidant activities with an IC50
value of 49.17 ± 1.35 µg/mL, followed by hydroethanolic extract of '%+!)" (OSHE, 50.60 ± 2.64
µg/mL), hydroethanolic extract of  ,+$'
(TZHE, 74.80 ± 2.11 µg/mL) and hydromethanolic
extract of '%+!)" (OSHM, 93.83 ± 2.87 µg/mL)
(Fig. 2). The all the extracts of '%+!)"#
,+$' are capable of scavenging capacity.
Free radicals can oxidize protein, lipid or DNA
and thereby can cause serious illnesses such as heart
disease, cataracts and diabetes [2]. Antioxidants are
able to prevent free radical damage, through scavenging radicals or the preventing of radical formation. As shown in the present study, all hydroethanolic and hydromethanolic extracts have potent
radical scavenging activities. The present study reveals that '%+!)" and ,+$' extracts could
serve as strong radical scavengers, and due to this
property they may be used both as a food and in pharmacological products.
#/.=-37198?/:+-<3>3<AReducing power is
a way of calculating the reductive ability of the antioxidant. It is assessed through the transformation of
Fe+3 to Fe+2 by donating an electron [5, 37]. The re-
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ion chelation [15, 42]. In this study, the total phenolic content in hydroethanolic and hydromethanolic
extracts from  '%+!)" #  ,+$' ranged
from 92.98 to 153.5 mgGAE/g. As Table 2 shows,
phenolic content was highest in the hydromethanolic
extract of ,+$' (TZHM), and to be lowest in
the hydroethanolic extract of  '%+!)" (OSHE).
In previous study, the total phenolic content of ethanol, methanol, acetone and water extracts of ,+
$' was reported by Kaska et al. [13] and the phenolic content of these extracts are comparatively
lower than the hydroethanolic and hydromethanolic
extracts of ,+$' in the present study. A wide
range of foodstuff have been analyzed to determine
the associations between the total phenolic concentration and antioxidant activity [43, 44]. The results
established that, the hydroethanolic and hydromethanolic extracts of ,+$' and '%+!)" have
high total phenolic content, as well as strong antioxidant capacity.
In present study, the total flavonoid content of
 '%+!)" and  ,+$' was detected and the
results are shown in Table 2. The total flavonoid content of extracts varied from 35.36 to 93.32 mg QEs/g
extract. According to the findings, the total flavonoid
content of hydroethanolic and hydromethanolic extracts of  ,+$' are higher than the ethanol,
methanol, acetone and water extracts of ,+$'
reported by Kaska et al. [13]. The flavonoids can act
as a free radical scavenger, a reducing agent and as
metal chelators, these antioxidative activities results
from phenolic hydroxyl groups attached to ring
structures [45]. In the present study, the hydroethanolic and hydromethanolic extracts of ,+$'
and  '%+!)" possess a high flavonoid content
and so they can exhibit antioxidant properties as a
free radical scavenger, a reducing agent and as metal
chelators.
The tannins content of '%+!)"#,+
$' are shown in Table 2 and vary from 26.3-34.24
mgCE/g. Considerable amounts of tannin occur in 
,+$' and  '%+!)", and the hydroethanolic
extract of ,+$' exhibited the highest amount
tannin.

ducing ability of the hydroethanolic and hydromethanolic extracts from  '%+!)" #  ,+$'
were evaluated and the results are represented in Table 1. The results exhibit that hydroethanolic extract
of ,+$' (TZHE) exhibited stronger reducing
antioxidant capacity followed by hydromethanolic
extract of  ,+$' (TZHM), hydromethanolic
extract of  '%+!)" (OSHM) and hydromethanolic extract of '%+!)"(OSHE). It is possible
for antioxidant compounds to donate electrons to reactive radicals and in this way, they are reduced to
more stable and unreactive species. These in turn are
able to reduce the oxidized intermediates of the lipid
peroxidation processes. The ability of a compound
to reduce may be a substantive indicator of its potential antioxidant activity [38]. Based on the findings,
all the extracts showed reducing antioxidant capacity.
/<+5-2/5+<371+-<3>3<A The iron (II) chelating activity of the plant extracts is of great significance, because transition metals are catalysts in the
formation of radicals that induce damage to living
cells and transition metals can cause the oxidative
damage in neurodegenerative disorders, such as Alzheimer’s disease [5, 39]. Therefore, if the plant extracts exhibit chelating activity then they can be of
therapeutic potential in the treatment of diseases.
The metal chelating property of the '%+!)"#
 ,+$' were evaluated and these results are
shown in Table 1. The hydroethanolic and hydromethanolic extracts inhibited a complex of ferrous,
ferrozine and this revealed that they exhibit chelating
activity. In plant extracts chelating agents are able to
diminish radical formation and one of the mechanisms of antioxidative act is the chelation of transition metals [40].

%8<+5 92/7853- 05+>8783. +7. <+7737 -87
</7<; Medicinal plants contain phenolics, tannins,
and flavonoids with their antioxidant potential, these
phenols can play a key role in inhibiting a variety of
diseases [41]. There are various mechanisms relating
to this antioxidant activity, which include an acting
as substrates for radicals, such as superoxide, hydroxyl radicals, free radical scavenging and metal

% 
%8<+505+>8783.92/7853-+7.<+7737-87</7<80    

/@<:+-<;

Total phenolic content
Total flavonoid content
Total tannin content
Sample
(mgGAEs/g)*
(mgQEs/g)*
(mgCEs/g)*
OSHE
92.98 ± 3.87 c
35.36 ± 0.16 c
26.3 ± 0.19 c
OSHM
119.96 ± 1.34 b
51.92 ± 0.46 b
28.93 ± 0.47 b
TZHE
151.63 ± 3.73a
92.99 ± 0.22 a
34.24 ± 0.89 a
TZHM
153.5 ± 0.80 a
93.32 ± 0 a
32.8 ± 0.68 a
OSHE: Hydroethanolic extract of '%+!)"; OSHM: Hydromethanolic extract of '%+!)"; TZHE: Hydroethanolic extract of ,+$'; TZHM: Hydromethanolic extract of ,+$'
*Values indicate the mean of three replicate determinations (n=3) ± standard error, while mean values with different letters
show a significant difference (p<0.05).
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composition shows that the two medicinal plants investigated contains rich source of mineral elements.
These results become so important when the usefulness of minerals such as K, Mg, P and Fe in the body
are considered. Potassium is an essential element for
plant metabolism by participating in the synthesis of
amino acids, proteins and it is an activator of some
enzymes, encouraging many physiological processes
such as co-enzyme for normal growth [49]. Magnesium plays an important role in the synthesis of carbohydrates, lipids, proteins and is critical for carbohydrate metabolism because it is thought to play a
role in glucose homeostasis and insulin action. In addition it is a cofactor in several enzymes [49, 50].
Phosphorus is essential component of bone minerals.
Deficiency of phosphorus-calcium balance results in
osteoporosis, arthritis and tooth decay [51]. Iron is
an important trace element in the human body. It is a
constituent of hemoglobin, myoglobin and some enzymes and it plays very important roles in control of
infection and cell mediated immunity [51, 52]. Furthermore, in the human body, iron, defines the oxygen-carrying capacity of the blood. A lack of iron has
been described as the most widespread nutritional
deficiency and throughout the world more than one
billion people are understood to be affected by iron
deficiency anemia [49, 51]. The effect of iron deficiency includes diminished ability to work, behavior
problems and a decreased resistance to infection [51,
53]. The Fe content in the Thymus and Origanum is
high and is recognized as compensating for iron deficiency.

Due to the high quantities of polyphenol compounds and their being natural sources of antioxidants, there have been studies made of as many as
500 species from the Lamiaceae family [46] and the
reports on these numerous plants are available
throughout the world, and contribute towards determining their potential in the food and pharmaceutical
sector [4, 9, 11, 12, 13, 22]. The presence of phenolic, flavonoid and tannin content can be attributed
to the beneficial effects of  ,+$' and 
'%+!)" in curing various diseases.
!:8@36+</ -8698;3<387 Carbohydrates, fats
and protein are the essential nutrients of life. Many
medicinal plants are used either as nutrition or as a
dietary supplement. Therefore, the carbohydrate, fat
and protein composition of plants supply important
data about their medicinal and nutritional quality
[47]. In this study, the analysis of crude protein,
crude fat, ash, carbohydrate and energy as a proximate content of  '%+!)" #  ,+$' were
determined and are presented in Table 3.
% 
!:8@36+</+7+5A;3;80
     
Constituents
Ash (g/100 g dw)
Carbohydrate
(g/100 g dw)
Proteins (g/100 g
dw)
Fat (g/100 g dw)
Energy
(kcal/100 g dw)
dw: dry weight

'%+!)"
5.93 ± 0.19

,+$'
10.53 ± 0.47

18.3 ± 0.66

22.69 ± 1.08

5.63 ± 0.10

4.71 ± 0.21

1.03 ± 0.08

1.46 ± 0.10

105.27

122.74

% 
37/:+5+7+5A;3;80    



Mineral content
'%+!)"
,+$'
Phosphorus (P) (g/kg)
1.50 ± 4.72
1.45 ± 1.30
Magnesium (Mg) (g/kg)
1.91 ± 2.10
2.66 ± 1.54
Potassium (K) (g/kg)
19 ± 1.06
21 ± 1.47
Zinc (Zn) (mg/kg)
24.63 ± 1.32
39.58 ± 1.43
Iron (Fe) (g/kg)
0.15 ± 3.36
2.04 ± 0.79
Copper (Cu) (mg/kg)
5.41 ± 0.94
7.72 ± 0.88
Values are mean of three replicate determinations (n=3) ± standard deviation

The investigated plants are good sources of
protein and, nutritionally, '%+!)" and ,+
$' can be beneficial, as proteins have amino acids
that body cells to synthesize the many proteins required for these cells to function and also to supply
energy [48]. In our previous study, we found that 
", one of the Lamiaceae family members, ash,
carbohydrate, protein, fat and energy value was 9.37,
21.13, 4.5, 1.38 g/100 g dw and 277 kcal /100 g dw
respectively [22]. These results are in agreement
with the results obtained in present study. In another
study, the proximate analysis of different medicinal
plants from the Lamiaceae family determinate by
Tomescu et al. [49] observed that protein and ash
content ranged between 4.81-8.25 and 7.44-10.69 %
respectively. Our results are analogous with these reports and '%+!)" and ,+$' are showing a
significant quantity of nutritional content. Consequently, these medicinal plants can also be used as
nutritional dietary supplements.

37/:+55/6/7<;The mineral element composition of medicinal plants investigated are presented in Table 4. The results of the mineral element

Elements plays a vital role in the medicinal
value of a plant and although ,+$' contains a
higher amount of zinc and copper than '%+!)",
both of them were found to be rich in zinc and copper. Zinc forms part of a broad range of enzymes (i.e,
ribonucleic polymerases, alkaline phosphatase) [52].
Copper is an essential element for living organisms
because of its presence in important proteins and enzymes and Cu deficiency in humans can cause bone
demineralization, gastro-intestinal disturbances and
neurological disorders [54, 55].
Mineral elements play important roles in living
organisms, in terms of the biological, metabolic and
enzymatic reactions leading to the development of
active organic components. Establishing the elemental composition of medicinal plants remains
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!2/7853--86987/7<
Gallic acid
2,5 dihydroxybenzoic acid
Chlorogenic acid
3,4 dihydroxybenzoic acid
4-hydroxybenzoic acid
Cinnamic acid
Quercetin
p-Coumaric acid
Ferulic acid
Caffeic acid
Vanillic acid
Epicatechin
Rutin

#/</7<387<36/637
6.8
17.2
18.2
10.7
15.7
71.1
70.4
26.1
30.1
22.7
19.2
21.3
45.6


an important area of research. This is because herbal
medicines are an important source of natural product
drugs and the minerals present in medicinal plants
are highly significant when identifying their pharmacological actions [55, 56]. According to the results
obtained, the  '%+!)" and  ,+$' have
emerged as a good source of minerals and they are
valuable products and could be important sources of
the necessary nutrients in the human diet.

!2/7853- -8698;3<387 In present study, phenolic compositions of hydroethanolic extracts of 
'%+!)" #  ,+$' were determined using
HPLC method and showed in Table 5. Some phenolic compounds determined in present study, such
as ferulic, gallic, caffeic, vanillic, chlorogenic acids
and rutin, in previous studies were obtained from Lamiaceae plants [9, 12, 13, 22].
It has been reported that phenolic compounds
are related to the several bioactivities, such as antioxidant, antibacterial, antiallergic, antimutagenic,
anticarcinogenic activities and have the positive impact on human health. Therefore, natural polyphenols are considered important compounds, due to
these important bioactivities they possess. Hence,
the phenolic compounds have attracted the general
interest and the identification and measurement of
phenolic compounds in plants have become important tools in understanding the value of plants for
human health [57-59]. In addition, herbs and spices
contain high levels of polyphenolic compounds that
are closely associated with their antioxidant activity
and therefore herbs and spices are often added to
food to improve the taste, smell and also improve human health [60]. Particularly, Lamiaceae plants are
noteworthy in this sense. Origanum and Thymus
plants from this family are commonly used as medicinal teas, flavoring agents and food additives [9,
11].

   C11
108.90
4055.52
123
90.88
431.10
1013.03
2208.19
69.56
172.74
29203.01
387.17
5100.92
11241.39





C11
59.25
3470.17
456.78
191.76
840.66
838.47
3127
13.74
22.66
26160.07
1124.12
3095.812
11960.95

in some human solid tumors and this has led to the
discovery of a new class of active antitumoral agents
[62]. The lethality of the hydroethanolic and hydromethanolic extracts  '%+!)" were 484.871 and
102.557 µg/mL, respectively, and the lethality of the
hydroethanolic and hydromethanolic extracts of 
,+$' were 128.607 and 33.09 µg/mL, respectively. Meyer et al. [30] reported that if LC 50 values
of extracts lower than 1000, they are toxic and If LC
50 values of extracts higher than 1000, they are nontoxic. The LC50 values of extracts, investigated in
this study, considered significantly active and this is
promising for further investigation of the presence of
potent bioactive compounds. As '%+!)" and 
,+$' are promising resources for chemically
and biologically significant medications, further investigations should be applied to discover potential
biologically important drug sources from these
plants.
 &$ 
Medicinal plants are used as remedies for various ailments in all parts of the world and, interest is
increasing in learning about the other possible health
benefits of these plants. The determination of the biological activities of plants, such as antioxidant and
cytotoxic activities and the investigation of their polyphenolic, proximate and mineral contents, contribute to their nutritional and medicinal values. This
study highlights total phenol, flavonoid, tannin content, antioxidant and cytotoxic activities of the hydroethanolic and hydromethanolic extracts from two
medicinal Lamiaceae species ( '%+!)" and 
,+$') as well as underline proximate and mineral compounds. The results have shown that in different assays these plants possess antioxidant and cytotoxic activities. They are also rich in phenolic, flavonoids and tannin content, as well as proximate and
mineral composition. Many medicinal plants are
used as a food or as a food supplement and they have
also been used as drugs for medicinal conditions.
The determination of the proximate and mineral content of these plants provides valuable information

A<8<8@3- +-<3>3<A Bioactive compounds are
often toxic to &("'!# shrimp larvae. Lethality assay has been successfully used for biomonitoring the isolation of cytotoxic compounds from plants
[61]. In addition it has been reported that this test has
an advantageous correlation with cytotoxic activity
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Özcan, M.M. (2007) Phenolic compounds of
&#)" '%+!)"L. extract, and its antioxidant and antibacterial activities. J Food Lipid.
14, 157-169.
[10]Turkyılmaz Unal, B., Guvensen, A., Esız Dereboylu, A. and Ozturk, M. (2013) Variations in
the proline and total protein contents in Origanum sipyleum L. from diferent altitudes of Spil
Mountain, Turkey. Pak J Bot 45(S1), 571-576.
[11]Nickavar, B. and Esbati, N. (2012) Evaluation
of the Antioxidant Capacity and Phenolic Content of three +")''%'. J Acupunct Meridian Stud. 5(3), 119-125.
[12]Roby, M.H.H., Sarhan, M.A., Selim, K.A.H.
and Halel, K.I. (2013) Evaluation of antioxidant
activity, total phenols and phenolic compounds
in thyme (+")'*)!&' .), sage (!*$
#!' L.), and marjoram (&#)" "
$&# L.) extracts. Ind Crops Prod 43, 827831.
[13]Kaska, A., Cicek, M., Deniz, N. and Mammadov, R. (2018) Investigation of phenolic content, antioxidant capacities, anthelmintic and cytotoxic activities of +")',+$'Griseb. J
Pharm Res Int. 21(1), 1-13.
[14]Karagöz, A., Artun, F.T., Özcan, G., Melikoğlu,
G., Anıl, S., Kültür, Ş. and Sütlüpınar, N. (2015)
# *(&$ evaluation of antioxidant activity of
some plant methanol extracts. Biotechnol Biotechnol Equip. 29(6), 1184-1189.
[15]Stankovic, M.S., Niciforovic, N., Mihailovich,
V., Topuzovic, M. and Solujic, S. (2012) Antioxidant activity, total phenolic content and flavonoid concentrations of different plant parts of
)&)" %$!)"  ')'% %$!)". Acta Soc
Bot Pol. 81(2), 117-122.
[16]Altay, A. (2018) In vitro assessment of antioxidant and antiproliferative activity, and identification of phenolic profile of +%'$%!!%
$' Boiss. extracts from Turkey. Fresen Environ Bull. 27, 9686-9695.
[17]Akgoz, Y. and Toker, Z. (2013) Antioxidant and
antimicrobial effects of Hypericum retusum
aucher plant extracts prepared in various solvents. Fresen Environ Bull. 22 494-500.
[18]Amin, I. and Tan, S.H. (2002) Antioxidant activity of selected seaweeds. Malays J Nut 8,
167-177.
[19]Prieto, P., Pineda, M. and Aguilar, M. (1999)
Spectrophotometric quantitation of antioxidant
capacity through the formation of a phosphomolybdenum complex: Specific application to the
determination of vitamin E. Anal Biochem.
269(2), 337–341.
[20]Meriga, B., Mopuri, R. and Krishna, T.M.
(2012) Insectisal antimicrobial and antioxidant
activities of bulb extracts of !!)" '(*)".
Asian Pac J Trop Med.5(5), 391-395.

about their nutritional quality. In addition, the importance of phytochemical constituents and the antioxidant activities of these types of medicinal plants
in the safeguarding of health is increased as trends
move towards using natural antioxidants as medication in the treatment of a range of chronic diseases.
The present study could therefore provide significant
information for use in future research and future material on possible uses for '%+!)" and ,+
$' in humans, for both dietary and medicinal applications.
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15], revealing the obvious wealth of Turkey in plant
diversity.
      L. is the sole genus in
the Hamamelidaceae family [16-17]. It has fossil
records back to Tertiary Period. However, it is commonly accepted that it had reached its widest distribution during the Miocene [18-19].    
   L. is native to southwest of Turkey [2021].    Mill. var.    and  
  Mill. var.    Fiori are the two subspecies of L. orientalis, which exist concomitantly in the
same locations. Besides its ecological and biogeographical importance, its balsam “liquid storax” (in
Turkish “Günlük” or “Sığla”), a valuable substrate,
make this plant economically important as well. In
addition its traditional use for more than seven hundred years as an all-purpose drug, particularly as the
most effective cure for stomach ulcers by the local
people, the liquid storax has been used widely in perfume and cosmetic industries and in modern pharmacy. At the beginning of 20th century, the species
was covering a 6321-ha in Turkey. However, currently, its distribution is restricted to only 1337 ha,
resulting in approximately 80% decrease [8, 22].
Limited number of reports has been published on the
morphology, anatomy, palynology, and phytosociology of this important species [13, 22-26].
Many nations limit import of exotic plants as
they prefer use of native plants in landscape architecture, while increased demand on ornamental
plants is met by imported exotic plants in Turkey. In
this regard, many varieties of    of Mexico
and the USA, produced in European countries especially in Italy, are imported to Turkey and used in
urban landscape architecture, which is highly costly
in both of supply and maintenance. The native species should be adapted to build sustainable and lowcost landscape architectures. The objective of this
study was to find potential growth areas of TGS in
Turkey for the purpose of evaluating the possibility
of using these native species in urban landscape architecture.

Turkish sweetgum (TSG) trees are endemic to
Aegean region (Köyceğiz, Fethiye and Dalaman)
and to localities between Isparta and Burdur. Once,
dense forests of these trees have been diminished to
isolated woods in Aegean region. Use of original
plant species in urban landscape architecture is increasingly gaining importance worldwide. This
study aimed to determine potential areas in Turkey
to grow TGS. Monthly maximum and minimum
temperatures were interpolated by ordinary kriging
(OK) and used with digital elevation values to discretize potential growth areas of TGS across Turkey.
The OK performed well in interpolating the monthly
means of minimum and maximum temperature. Our
results showed that when mean monthly minimum
and maximum temperature are used as limiting factor of TSG adaptation, large areas occurred as proper
for planting TSG, while use of elevation beside temperature decreased the area substantially. Our results
confirmed that TSG can be planted in areas comprised by Black sea, Mediterranean, and central Anatolian regions and that it can survive between elevations of 0 and 800 m (m.t.l) under proper temperature and moisture conditions.

$# 
Endemic, GIS, Landscape Design, Turkish Sweetgum,
Relict, Turkey.
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Turkey is ubiquitous in the World in its richness of plant genetic resources and plant diversity
[1]. Approximately 53% of the forests in Turkey are
broadleaf, 42% are coniferous, and 5% are mixture
of coniferous and broadleaf species [2-3]. Turkey locates at the intersection of phytogeographic regions
of Mediterranean, Euro-Siberian, and Irano-Turanian [4-6]. Ninety percent of the forests in Turkey
are ‘natural’ in origin and comprises over 450 species of trees and shrubs [7-11]. Three thousand out
of the 9,000 plant species are endemic to Turkey [12-
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In this study, native taxon of Turkish sweet
gum (TSG) was used as material. Data of digital elevation model (DEM), obtained from STRM satellite and climate map of Turkey [27] and ARCGIS
10.1 were used as auxiliary material. There are one
species and two taxa of TGS in Turkey (Table 1) [2829]. This species is an important ornamental plant
material due to its good-looking crown shape, stem
shape, bark texture, leaf orientation, and fruits.  
      is pyramidal when it’s young
and becomes spherical as it gets older. TGS has a
straight stem and can be 30-35 m high and make a
diameter of 1.0 m. It flowers between March and
April and its fruits are 2-2.5 cm in diameter [30]. Its
mature fruits are dark and they fall in October-December depending on their growth conditions.
Leaves are dicot, deciduous, petiolate, and compound; often 3 to 5-lobbed, while 7-lobbed in seldom
cases. The leaves are 5-7 cm in width and the leaf
petioles are 3-6 cm in length. The trees defoliate in
October-December depending on elevation [13].
TGS generally grows at altitudes from 180 to
550 m, while it can be found at landforms as high as
900 m. According to Alan and Kaya [31], those
growing between 0 and 400 m are called plain sweetgums and those growing over 400 m are called
mountain sweetgums. TGS is known to be an important biogeographic agent in Mediterranean region
in the Inversion period [13]. Fossil studies reveal that
this species had been widespread around temperate
and rainy regions of Europe before late ice time and
that the TGS had distributed in large areas in Turkey
[30, 32] and it is endemic-relic to Anatolia.
The maximum and minimum temperature were
interpolated by ordinary kriging (OK). We modeled
experimental semivariograms by GS+ (version 7)
and used nugget, sill, and range of theoretical semivariograms with OK in geostatistical module of
ArcView and built surface maps for minimum and
maximum temperatures across Turkey. The rationale behind use of GS+ in semivariogram modeling was that the GS+ is more flexible in semivariogram modeling, while geostatistics module of
ArcGIS is better in OK-interpolation, it separates
validation and calibration data automatically and it

     
Miller var.   Fio.
0-800
Not endemic
Flooded plains, Swampy places,
River valley near the coast
Southwestern Anatolia
Mediterranean
C1, C2, C3

displays the position of the interpolation region in a
neighborhood. We used 80% of the climate data
(means of monthly maximums and minimums obtained from state meteorological stations) for calibration and 20% for validation in OK-interpolations.
We considered minimum of sum of squares and
maximum of coefficient of determination (R2) in
semivariogram modeling, and minimum of relative
sum of squared errors and maximum of correlation
coefficient between measured and predicted values
of verification data.
We checked the normality of the monthly maximum and minimum temperatures before semivariogram modeling to make sure that data show normal
distribution. We considered criteria suggested by
[33] in deciding normality of the data. As skewness
of all data was below absolute 0.5, we applied no
transformation on the data.
We obtained the spatial distribution areas of
natural Turkish sweetgum in Turkey from Turkish
Plant Data Service [34] and we rectified the maps of
each taxon by GIS and digitized its spatial information on the rectified maps. We obtained the information on the elevations and phytogeographical regions from literature (Fig.1) and compared elevation
classes obtained for natural TGS by GIS, superposing the data from SRTM and those from DEM. Finally, we rectified the OK-interpolated climate map
[35] by GIS, and determined the potential areas
where TSG may have been used in urban landscape
architecture.
 "! 

The relative mean squared error (RMSE) for
predictions are below 5 in all the cases (Table 2),
suggesting that the OK performed well in interpolating the monthly minimums and maximums across
Turkey. However, the r-values suggest that OK was
more successful in interpolating minimums compared to maximums.
Fig.1 shows spatial pattern of monthly minimum and maximum temperature along with localities of natural and platted TSG tress based on
monthly minimum and maximum temperature and
topography. The Fig.1 shows that use of mean

1622

#"

  $  





  !




! 
'6'2+8+67,4656+*/)8/435+6,462'3)+4,46*/3'6=06/-/3-,46143-8+622438.1=
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J

F

M

A

Meanm
Meanp
RMSE
r

13.69
13.49
2.05
0.88

15.61
15.41
2.16
0.86

21.02
20.82
2.13
0.81

25.78
25.60
1.96
0.74

Meanm
Meanp
RMSE
r

-9.57
-9.56
3.05
0.89

-8.75
-8.74
3.03
0.88

-4.93
-4.93
2.5
0.87

.40
0.41
1.87
0.86

Months
J
Jl
Aug
Maximum temperature
30.09 34.05 36.39 36.09
29.92 33.90 36.30 35.99
2.028
2.13
1.97
2.002
0.74
0.73
0.76
0.73
Minimum temperature
4.93
9.39
12.77 12.77
4.93
9.39
12.78 12.78
1.84
1.98
2.15
2.27
0.85
0.86
0.86
0.85
M

S

O

N

D

33.29
33.18
1.88
0.74

28.43
28.31
1.77
0.79

21.67
21.57
1.65
0.87

16.12
15.94
2.07
0.85

7.95
7.95
2.27
0.86

2.77
2.77
2.26
0.86

-2.36
-2.37
2.39
0.87

-6.89
-6.88
2.75
0.89

Meanm; mean of measured values, Meanp: Mean of predicted values, RMSE: Relative mean squared error, r= correlation coefficient between
measured and predicted values of verification data.
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monthly minimum and maximum temperatures as
the only limiting factor of TSG adaptation results in
large potential areas for its growth across Turkey.
However, when both of climate and elevation are
considered, the potential growth area for TSG
growth decreases substantially.

and adaptation. Temperatures above and below of
critical levels result in death of the plants. The plant
development defines orderly progress of plants from
germination to death [36]. Development stages in
plant indicate intermediated stages such as germination, emergence, leaf appearance, flowering and maturity. All these stages should be completed for a
successful plant development.
The maximum and minimum temperature extremes are key determinants of plant adaptation. On
the other hand, the extremity of temperature is species-or even taxon-specific. Fig.1 shows naturally
distributed and planted areas of TGS trees in Turkey.

 " 

Air temperature and total precipitation are the
main climate variables mediating plant development
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seasonal variation in NPP. Therefore, NPP can be
monitored and used as a surrogate of climate and topography in TSG adaptation studies.
The TSG is an excellent plant for use in urban
landscape planning as it mitigates air pollution, balances temperature, saves energy, supplies water vapor, supplies niches for living organisms [41-42], decreases noise [43-44], reduces wind and dust [42, 4546], and reduces light reflection [47-48]. The natural
TSG taxa have a potential to control soil erosion besides its spectacular look. The plant can be used in
swamps to dry out the unwanted water due to its high
consumption of water and its vivid root system. The
cultural form of TSG is used city parks and landscapes across many nations, while it has a limited use
in Turkey. Use of TSG in urban landscape design
will benefit development of resilient and aesthetic
urban landscapes in Turkish cities at low cost.
Besides its aesthetic value, the TSG has an important economic value due its valuable balsam
known as “liquid storax”. Therefore, TSG may be
planted in areas other than urban landscapes for its
highly valued substrate. Such plantation may be
highly beneficial due to its decreasing erosion and
dust, while supporting local people economically.

When monthly minimum and maximum temperatures considered as only restricting factors, two
(those labeled by B) of tree planted regions appeared
not proper for plantation of the TSG. However, our
observation proves that the planted trees could survive in these regions, suggesting that the maximum
and minimum temperatures restricting its growth
should be revised.
Elevation is another factor restricting adaptation of TSG. As elevation increases, the temperature
decreases gradually, resulting that after a threshold
the plant development stops or the plant may die due
to extreme temperatures (minimum and maximum
temperature), which obscure adaptation of the
plants. At high elevations the minimum temperature
would be the problem while at low elevations maximum extremes would be. According to Ozturk et al.
[13], TSG mainly grows at altitudes from 180 to 550
m, while it can be found rarely at landforms as high
as 900 m. Others suggest that TSG exists between
the elevations of 0 and 1800 [34]. We observed TSG
tress at elevations from 0 to 750 m (mtl) (Fig.1),
which contradicts to Ozturk et al. [13].
The “thermal time” is an important determinant
of plant development [36]. Therefore, thermal time
along with minimum and maximum extremes for
growth and development of STG should be determined for its successful plantation and adaptation to
changing climate. Total yearly precipitation will not
have been a limiting factor in its adaptation to urban
landscapes as the plants can be watered when they
need. Differences in temperature and in thermal
time between its naturally existing location and
plated locations may affect the plant morphology as
well as aesthetic value on planted landscapes. For
example, differences in atmospheric temperature
and photosyntetically active radiation may result in
leaf form and leaf orientation to change, decreasing
aesthetic value of the plants. On the other hand, inadequate thermal time may result in incomplete plant
development (i.e. plant cannot flower). Therefore,
further research is needed to assess feedbacks of cultured TSG tress to environmental biophysical factors.
The other environmental biophysical factors,
such as atmospheric vapor pressure, wind speed and
direction, and their interaction with air temperature
may be important determinants to be considered in
adaptation of TSG in the potential growth regions in
Turkey. In this regard, net primary productivity
(NPP) may be a good indicator. The response of NPP
to climate has already been used to evaluate the feedback of vegetation in response to abrupt climate
changes [37]. Babst et al. [38] and Ciais et al. [39]
noted that the response of NPP to climate is a good
indicator of vegetation growth. Li et al. [16] reported
that the mean monthly temperature and precipitation
were the principal factors determining NPP and Peng
et al. [40] found that air temperature, precipitation,
and sunshine percentage had a considerable effect on

"  

We studied potential growth areas of Turkish
sweetgum (TSG) in Turkey, considering mean
monthly minimum and maximum values of temperature and elevation from the see level as controlling
factors. Ordinary kriging performed well in interpolating mean monthly minimum and maximum temperatures. When only monthly minimum and maximum temperatures were considered, the potential
growth area was considerably large, while when elevation was considered as another controlling factor
besides temperature, the area decreased substantially. We suggest that further research is needed to
determine the conditions of its safe adaptation for the
purpose of its use in urban landscapes. Our observations revealed that the temperature extremes and elevation extremes for its adaptation should be revised.
This Economically important endemic species
has been faced to extinct in Turkey due to its being
used lavishly by local people. Measures should be
taken to stop its reduction and to increase its plantation in potential regions with similar climate, soil,
and topographic conditions. In this regard, this study
is a starting point. We believe that it motivates further studies to increase its distribution across the nation.
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Additionally, tree aphids have been implicated in
the death of their hosts [12].
Temperature is the most important abiotic factor affecting development and reproduction of
aphids, geographically separated populations of
aphid may differ with respect to the influence of
temperature on development and population growth
[13, 14, 15]. Temperature influences both aphid
development and mortality and is a fundamental
feature of its life history [16]. Temperature influences both aphid development and mortality rates
therefore, knowledge of the effects of temperature
on the biological parameters is essential to investigate aphid population dynamics.
The present study was conducted to provide
data on the developmental rate and fecundity of 
  at different constant temperatures than might
be used for developing control models.

The development time, reproduction and
population growth parameters of Black cherry aphid
    (Fabricius) Hemiptera Aphididae)
were studied on    at five constant
temperatures (20±1, 22.5±1, 25±1, 27.5±1 and 30
°C). Total nymphal development time ranged from
8.70d at 27.5°C to 12.68d at20°C. The intrinsic rate
of increase (rm) at 25°C had the highest value
(0.2793). R0 was highest at 25 °C. The best reproductive performans of    is predicted at
25°C.


"!
 , reproduction, temperature, life table



 



0*+& #.& 0,#.3 2/41%' The   
clones originally were collected from 
 , in Tekirdağ, Turkey. The aphids were
raised on potted plants. Plants were maintained a
climatic room held at 25±1 °C, a relative humidity
65±5 %, and a light regime (16 h light; 8 h dark).

Black cherry aphid    (Fabricius) is
reported to be a serious pest of cherries all over the
world [1, 2, 3, 4, 5]    feed on the buds,
young leaves and shoots cherries of 
    and    during late spring
and early summer
After the feeding, leaves become severely
crumpled and curled and damaged leaves may dry
up and turn brown and inhibits their growth. Many
times cause small fruit and fall off. They are excreted honeydew then foliage becomes sticky with the
sugary and a black sooty mould may develop. This
aphid is considered to be the most important vector
of plant viruses throughout the world,   
also transmits Bean yellowmosaic virus (BYMV),
Celery mosaic virus (CeMV) and Onion yellow
dwarf virus (OYDV) Moroccan watermelon mosaic
virus (MWMV) [1, 6, 7, 8, 9, 10, 11].
Aphids are important pests of many crops, either indirectly, acting as virus vectors, or directly by
feeding on plant assimilates. Aphids eject honeydew away from their feeding location preventing
them from becoming entangled within the sticky
secretion. Honeydew accumulates on objects below
aphid secretion. Honeydew accumulates on objects
below aphid populations and is commonly seen as a
shiny coating on the tops of leaves and stems. Black
sooty molds are fungi that grow on honeydew produced by aphid or other phloem feeding insects.

'5',/0-'.3 #.& 2415+5#, Nymphal development duration was estimated on   
grown at five different temperatures (20±1, 22.5±1,
25±1, 27.5±1 and 30 °C, ambient temperature)
under conditions of controlled day length (16 h
light; 8 h dark). For each of 40 replicates per temperature apterous adults were placed on an on an
isolated cutting of the appropriate species. Observations were made until the adult established, and
each twig hosted one progeny. Adults were removed after this occurred. Times were recorded
when nymphs underwent ecdysis at each instar. The
aphids on each Petri dish were checked daily under
a stereoscopic microscope, and their survival was
recorded at each constant temperature.
&4,3,/.)'5+36#.&1'01/&4%3+/.When the
immature nymphs became adults, they were observed daily for reproduction and survival and all
new-born nymphs were removed from each Petri
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'#.&41#3+/./(.6-0*#,+.23#12#.&3/3#,.6-0*#,&41#3+/.+.&#628/(
#3(/41&+(('1'.33'-0'1#341'2
Temp. (°C )
1st instar
2st instar
3st instar
4st instar
Total nymphal duration
20
3.08±0.24 a
2.80±0.29 b
3.23±0.26 c
3.66±1.31 b
12.68±0.64 a
22.5
3.10±0.06 a
2.35±0.27 ab
2.05±0.75 ab
2.52±1.17 a
15.61±5.50 a
25
4.41±0.60 b
2.50±0.74 b
2.63±0.96 bc
3.25±0.87 ab
12.55±0.33 a
27.5
2.70±0.55 a
1.66±0.86 a
1.87±0.61 a
2.45±1.10 a
8.70±0.34 a
Within columns, means fallowed by a common letter do not differ significantly (P=0.05) Tukey’s HSD multiple range test

 
'#.8('%4.&+36#.&,/.)'5+36/(('-#,'
/.#3(/41&+(('1'.3
3'-0'1#341'2

dishes after counting. These observations continued
at all constant temperature regimes until the mature
aphid died. Developmental times for each nymphal
instar, duration of adult pre-reproductive, reproductive and post-reproductive periods, fecundity and
average daily reproduction were calculated for each
aphid. Forty aphids were tested for all temperature
conditions. Differences in nymphal development
times, adult life span, fecundity, and daily reproduction at four constant temperatures were tested by
analysis of variance. If significant differences were
detected, multiple comparisons were made using
Tukey’s HSD multiple range test (P=5%).
The effect of different temperatures on biology
of the was assessed by constructing a life table,
using age specific survival rates (lx) and fecundity
(mx) for each age interval (x) per day. The intrinsic
rate of increase rm was calculated by iteratively
solving the equation Σ e-rxlxmx=1, where the agespecific survival rate (lx) isthe proportion of individuals in the original cohort alive at age x, and the
age-specific fecundity (mx) is the mean number of
female progeny produced per female alive in the
age-interval x. The net reproductive rate, R0=Σ
lxmx, also was calculated according to [17].

Temp. (°C )

Female longevity Progeny/female
(Days)
(no)
20
18.00±1.17 c
2.23±0.34 a
22.5
8.58±1.18 a
2.00±0.33 a
25
26.48±5.22 d
30.64±1.72 b
27.5
13.30±6.83 b
5,80±1.49 a
Within columns, means fallowed by a common letter do
not differ significantly (P=0.05) Tukey’s HSD multiple
range test

Intrinsic rate of increase (rm), net reproduction
rate(R0), generation time (T0) and for the  
at four different temperatures are given in (Table 3).
The largest rm was 0.2793 at 25°C.
Increasing temperatures resulted in shorter
generation times (T0) for    on   
(19.73 d at 20 °C, 9.95 d at 25 °C). R0 was highest
at 25 °C.
 
+('3#$,'0#1#-'3'12/(/.
#3(/41&+(('1'.33'-0'1#341'2
'.'1#3+/.3+-'1'01/&4%3+5'1#3'
+.31+.2+%1#3'/(+.%1'#2'1-

 

'5',/0-'.33+-'2The developmental times
for the immature stages at five constant temperatures are presented on  in Table 1.
The developmental time of    decreased significantly as constant temperature increased on  . The high temperature at 30 °
C had a detrimental effect on the survivoship of
immature stages. Total nymphal development time
ranged from 8.70 d at 27.5 °C to 15.61 d at 22.5 °C
(Table1).

Temp. (°C )

T0

R0,

rm

20
22.5
25
27.5

19.73
12.81
12.77
9.95

12.76
8.58
35.41
18.44

0.1290
0.1677
0.2793
0.2762

1.1377
1.1826
1.3222
1.3181

 

Temperature is an important environmental
factor that affects developmental time, fecundity,
mortality and regulates insect population dynamics
[13,14,15,18].
Our data clearly showed the effects of temperature on the development time longevity, fecundity
of   The highest temperature had a (30° C)
detrimental effect on the immature stages. (19)
reported the same result for     and
     The high temperature
27.5° C caused decrease in total nymphal duration,
female longevity and lover progeny. Previous studies of aphids of genera   and 
 conducted under similar conditions demonstrat-

&4,3,/.)'5+36#.&1'01/&4%3+/.Temperature affected adult longevity and fecundity significantly. The mean longevity of adult females varied
from 8.58 d at 22.5 C to 26.48 d at 25 °C on 
  The average nymph production of female
(offspring per female) reached a maximum of 30.64
nymphs per female at of adults female 25 °C (Table
2).
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Bamboo vinegar, a brown-red transparent liquid with volatility and unique smoky flavor collected from condensed steam during thermolysis process of bamboo charcoal production. In order to
enlarge the application range of bamboo vinegar
and solve the surplus problem of bamboo vinegar in
bamboo charcoal industry, this work is a test analysis on the bactericidal and antiviral effects of bamboo vinegar with various concentrations on domestic waste. Firstly, the fungicidal activities  of
bamboo vinegar in terms of inhibition rate in hypha
growth were tested and the result showed that bamboo vinegar with the concentration 7.2%-1.4% has
strong inhibitory effect against the tested pathogens.
Secondly, the antiviral activities of bamboo vinegar
by TCID50, which showed that bamboo vinegar of
7.2%-2.4% has exhibited high antiviral activities.
Thirdly, the stomach toxicities and worms lesion
activities of bamboo vinegar by microtitration and
direct smear, which showed that bamboo vinegar of
7.2%-1.4% has significant stomach or worms lesion
activities. Fourthly, animal safety tests including
the mouse acute oral toxicity test, mouse bone marrow polychromatic erythrocyte micronucleus test
and intact dermal irritation test in rabbits were carried out. The results showed that bamboo vinegar,
within a certain dose range, is a safe, natural waste
treatment agent with no toxicity, no stimulation and
no teratogenicity.



eral constituents in biochar, especially those derived from manure or sewage sludge, could be a
supplement of nutrients slow release (Ca, Mg, K, P,
etc.) [1]. Biochar has its own unique porous structure, and it can increase the content of soil waterstable aggregates, so the ability of permeability,
fertilizer and water conservation is improved [2]. It
can regulate the physical and chemical properties of
soil microbial environment, boost the number of
microorganisms and change the community structure and enzyme activity of microorganisms [3, 4].
However, there have been few studies on the application of biomass vinegar in recent years and there
is little evidence overall that bamboo vinegar are
significantly more productive than many other candidate active compounds. Only a few of works involve in antibiotic and antioxidant ability had been
involve in antibiotic and antioxidant ability had
been reported [5-8].
Bamboo vinegar is the by-product from bamboo charcoal industry, which is brown-red transparent liquid with volatility and unique smoky flavor
collected from condensed steam during thermolysis
process of bamboo charcoal production. There are
abundant chemical components, e.g., more than
80% water, organic acid, phenols, aldehydes, ketones, alcohols, esters, heterocycles [9]. Bamboo
vinegar has been used as plant growth regulator,
soil amendment, fertilizer synergist, disinfection,
antibacterial, deodorizer and antioxidant in traditional agriculture and daily life. Some studies have
showed that bamboo vinegar can be used as a bactericide and a antimicrobial to kill tobacco mosaic
virus, porcine reproductive and respiratory syndrome virus (PRRSV) and envelope RNA virus,
and also kill foot-and-mouth disease virus (FMDV)
transmitted by air [10]. China has a long history of
bamboo resources utilization. Due to the widespread use, the bamboo charcoal industry continues
to expand. But because of bamboo vinegar has the
smell of tar, the content of organic acid is lower and
limited application, there is a serious surplus. In
addition, a lot of bamboo charcoal factories let out
bamboo vinegar directly to the air without recycling

+*"%& 
Bamboo vinegar, Domestic Waste, Fungicidal Activity,
Animal Safety
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Many researches have demonstrated that biochar could be used for soil amendment with multiple benefits including carbon sequestration, fertility
improvement, and pollution control. Plenty of min-
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jian rabbit farm in the town of Dashiju of Xinchang
County (number of animal license SCXK 20100042). Animal feeds were provided by Animal Experimental Center, Zhejiang, perform standard GB
14924.1-2001.

and this causes huge waste of resources and environmental pollution. Many new derivatives of natural products from microbial transformation can be
obtained by oxidation, hydrolysis, isomerization,
hydroxylation, esterification, phosphorylation and
glycosylation employing different conversion systems [11]. However, little is known about botanical
fungiticide for controlling environmental harmful
microbes. Therefore, in order to expand the new
application of bamboo vinegar and maintain the
sustainable development for bamboo charcoal industry, in this experimentation, bamboo vinegar is
developed as a kind of waste treating agent. This
study offers a theoretical basis for resource utilization of agricultural and forestry waste.

,.=0;4.4/,6,.=4?4=B=0<=48/99;< 834-
4= -,.=0;4,6 ,.=4?4=B =0<= Under the condition of
laboratory, the inhibition of BV to 5 kinds of pathogen were tested respectively by means of mycelium growth rate method. Select the cultivated strains
and make into bacteria suspension before experiment. Take 1mL bacteria suspension into a petri
dish, pour in the appropriate medium and gently
rotate the petri dish to fully mix the culture medium
with the bacteria suspension and static condensing
into a flat plate. Soak the filter paper in the prepared BV with tweezer, and then put them in the
center of the medium, put a piece of filter paper
each dish and pressed slightly with tweezers to
make the filter paper close to medium. The strains
were screened in triplicate for fungicidal activity to
BV at 6 dosage levels (organic acid concentrations
were 7.2%, 3.6%, 2.4%, 1.4%, 0.8%, 0.4%). The
filter paper soaked with sterilized water was used as
blank control. Continuously cultured for 48h in the
incubator, and the temperature was 27-28 . Observe and measure the diameter of the inhibition
zone (mm) and calculate the inhibition rate of colony growth. The experiment was repeated 3 times,
the data was averaged.

'%&! '"&  

3074.,6< Bamboo vinegar (BV) tested in
this study was purchased from Ningbo Fenghua
Bamboo charcoal factory (Zhejiang, China). It is a
by-product of separating the bamboo charcoal from
the mechanical charcoal furnace. The content of
organic acid is 7.2% and the tar content is 2.1%.

,< 3;97,=92;,:3BD ,<< &:0.=;970=;B
8,6B<4<The tested sample was analyzed by GCMS which included a HP6894GC/5973MSD series
of GC equipped with a G1033A automatic liquid
sampler and interfaced directly to a mass selective
detector controlled via the accompanying data system. A 30-m DB-5MS capillary column was used.
Temperatures were maintained as follows: injection
port, 260°C; oven, programmed at 80°C for 3 min,
then raised at 8°C/ upto 260°C, and held for 30 min.
MSD conditions were as follows: capillary direct
interface temperature, 280°C; ionization energy, 70
eV; EM voltage (Atune + 200 V); scan rate, 2.2
scans/s. Injection volume was 1μL in splitless
mode.Helium was used as a carrier gas with 1
ml/min flow rate. A solvent delay of 3 min was
maintained. Tuning was performed using the autotune feature with perfluorotributylamine; the electron multiplier voltage was nominally give a space
kept at 1635 V. All datas were obtained by collecting the full-scan mass spectra within the scan range
of 50–550 amu [9, 12].

'0<= 20;7< ,8/ =0<= ,847,6< Test germs: 5
kinds of pathogen: Escherichia coli, Salmonella,
Shigella, Bacillus, Vibrio cholerae; 4 kinds of viruses: hepatitis virus, gastroenteritis virus, poliovirus, coxsackievirus; 3 kinds of parasites: fly,
Balantidium coil, hymenolepiasis nana, Pinworm.
Test animals: The ICR mice of clean grade
were purchased from Shanghai slake experimental
animal co., LTD. (number of animal license SCXK
2012-0002), half male and female; New Zealand
rabbits of common grade were purchased from Xin-

  8=4?4;,6 ,.=4?4=B =0<= Under the condition of laboratory, the inhibition of BV to 4 kinds of
viruses were tested by means of suspension test,
respectively. First preparation virus suspension was
divided between sterile microburette. The virus
suspension were screened in triplicate for antiviral
activity to BV at 6 dosage levels (organic acid concentrations were 7.2%, 3.6%, 2.4%, 1.4%, 0.8%,
0.4%). Virus suspension and the prepared BV were
mixed evenly with the same dosage, meanwhile
control groups without treatment. Remove residual
BV after work on them for certain time and inoculate into sensitive cells respectively. Continuously
cultured for 3 days in the incubator, and the temperature was 37°C. The growth of the cells was
observed and recorded every day, the virus killing
rate was calculated.
  834-4= :,;,<4=0 ,.=4?4=B =0<=  '30
708<>;,=498 91 =30 4834-4=498 ,.=4?4=B ,2,48<=
1640<The experiment was designed to determine the
activity of BV by micro drip method. The flies were
fed and bred 1-2 generations in insectarium. The
temperature was 25°C and the relative humidity
(RH) was 60-70%. Healthy female flies after 4
days’ feathering were chosen for test from the first
generation. The flies were screened in triplicate for
antiviral activity to BV at 6 dosage levels (organic
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847,6<,10=B=0<= '30,.>=09;,6=9A4.4
=B =0<= 48 74.0 Methods: Healthy adult mice ICR
20, half male and half female, the weight was 1822g. Randomized, the female group (10), the male
(10). The mice were adapted to 10d in a experimental animal room before the experiment, fasted
overnight, unlimited drinking. The temperature of
the experimental animal room is 20-24°C. The relative humidity of the experimental animal room is
50-70%. Weigh the 15.0g sample and add deionized water to 30ml (equivalent of 0.5g/ml) when
experimenting. According to 0.01ml/g weight is
given to the virus. Use an oral irrigation method.
The dose is 5000mg/Kg weight. After poisoning,
observed and recorded the poisoning and death of
the mice, the observation time was 14d, and general
dissecting of Dead animals and animals that observe the end of life, abnormal tissues or organs
were found to be further histopathological examination.

acid concentration were 7.2%, 3.6%, 2.4%, 1.4%,
0.8%, 0.4%). Dropt potion in female flies chest
back place from low concentration to high concentration, a single drop of each female fly, and control
group with distilled water. The female flies were
put into the glass device and added suitable artificial feed for feeding after the potion evaporation.
Observe and measure the state of intoxication and
death of female flies, calculate the mortality. 
'30708<>;,=49891=304834-4=498,.=4?4
=B ,2,48<= -,6,8=4/4>7 .964 The cultured balantidium coli were transferred to the new cultivate
tubes before the experiment and were screened in
triplicate for antiviral activity to BV at 6 dosage
levels (organic acid concentrations were 7.2%,
3.6%, 2.4%, 1.4%, 0.8%, 0.4%). The same dosage
was added to each culture tube, and added the same
dose of distilled water for control. Take the moderate amounts of medium and smear every once in a
while, the growth and quantitative changes of
trophozoites were observed and recorded by microscopy, and then calculated the death rate of balantidium coli. If the trophozoites were observed to
be 0, so two more; if the trophozoites were judged
negative in the first time, observed twice after 24h
and 48h to prove its judgment.

'30708<>;,=49891=304834-4=498,.=4?4
=B ,2,48<= 3B708960:4< 8,8, Selection of the
complete, peristaltic and suitable sized worms, and
put them in the medium containing the drug and
control medium, continuous cultivation for 3 days
in incubator. The temperature was 37±1°C. Change
medium for every 24h and the worms were observed and recorded under anatomical lens while
changed the medium. The worms were taken out
after 24h in culture, used Bounis to fix and stain
with HE, the changes of the worms tissue were observed and recorded under the light microscope.

'30708<>;,=49891=304834-4=498,.=4?4
=B,2,48<=:48@9;7The Pinworms were screened
in triplicate for antiviral activity to BV at 6 dosage
levels (organic acid concentrations were 7.2%,
3.6%, 2.4%, 1.4%, 0.8%, 0.4%). In the experiment,
the pinworm eggs were soaked and killed in the
drug, and a blank control was set (soaked with distilled water). The artificial gastric juice incubation
method was used to identify the state of pinworm
eggs. In this method, the filter paper was used to
absorb the soaked liquid or distilled water and
rinsed repeatedly with water, added artificial gastric
juice, continuous culture in the incubator. The temperature was 37°C. The pinworm eggs were taken
out after 72h, observed and recorded the death of
pinworm eggs under by light microscopy.



 '3079><0-9807,;;9@:96B.3;97,=4.
0;B=3;9.B=0 74.;98>.60>< =0<= Methods: 50
healthy ICR mice were randomly divided into 5
groups-negative control group (10), positive control
group (10), low dose group (10), middle dose group
(10) and high dose group (10). The weight was 2530g. The mice were adapted to 7d in the experimental animal room before the experiment. The
temperature of the experimental animal room is 2024°C. The relative humidity of the experimental
animal room is 50-70%. Set low, medium and high
doses to 500mg/kg, 2000mg/kg and 5000mg/kg
weight respectively according to the results of the
sample's acute oral toxicity LD50 in mice. Weighing 1.5g, 6.0g and 15.0g of sample and add deionized water to 30ml. Set negative control (deionized
water) and positive control (cyclophosphamide
60mg/kg body weight). Take interval 24h to refill
the stomach, gavage dosage was 10ml/kg weight.
The animals were sacrificed at 6h after secondary
gavage, took out marrow of sternum and driven
film producer, methanol fixed, Giemsa stained.
Each mouse counted 1000 polychromatic erythrocytes (PCE). The permillage of micronucleus were
calculatedMN‰, and the data of each group
were statistically processed by using Poisson distribution test.
   .97:60=0 <548 <=47>6,=498 =0<= 19;
;,--4=<Methods: Healthy adult New Zealand rabbits 3, the weight was 25-30g. The rabbits were
adapted to 9d in the experimental animal room before the experiment. 24 h before experiment, the
hair on both sides of the rabbit's spine were cut off,
its area was approximately 3.0cm×3.0cm. Apply
the sample directly to the left side of the dehaired
skin, covered with unstimulated oil paper and then
be fixed with unstimulated tape. The other side of
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'9=,6498.3;97,=92;,7<48-,7-99?4802,;

' 
3074.,6.97:9<4=498,8/=304;;06,=4?0.98=08=48-,7-99?4802,;
Relative
content %
5.355%
1.534
0.942
5.262
2.176
1.753
2.007
1.406
14.772
0.814
0.967
0.527
0.345

RT /min

Bamboo compounds

12.928
13.002
13.387
13.474
13.757
13.970
14.062
14.116
14.154
14.254
14.652
14.851
14.955

15.511
15.792
15.853

Propanoic acid
1,2-Benzenediol
1,2-Benzenediol
1,2-Benzenediol, 3-methoxyPhenol, 2,6-dimethoxyPhenol, 2,6-dimethoxy3-Amino-2,6-dimethoxypyridine
Phenol, 2,6-dimethoxyPhenol, 2,6-dimethoxyPhenol, 2,6-dimethoxyBenzene, 2-fluoro-1,3,5-trimethyl-1,3-Benzenediol
4-Methoxy-2-methyl-1-(methylthio)benzene
3-Hydroxy-4-methoxybenzoic acid
Ethanone,1-(4-hydroxy-3-methoxyphenyl)Ethanone
Ethanone,1-(2,6-dihydroxy-4-methoxyphenyl)-5tert-Butylpyrogallol Phenol
4-Amino-2,3-xylenol Phenol
Benzoic acid, 4-hydroxy-3-methoxy-, methyl ester
4-Propyl-1,1'-diphenyl

16.452

Ethanone, 1-(4-hydroxy-3,5-dimethoxyphenyl)-

RT /min

Bamboo compounds

1.436
1.515
1.542
3.006
3.057
3.109
3.144
3.192
3.323
3.348
3.597
3.688
3.736

Hydroxylamine
Ethanol
Acetic acid, methyl ester
Acetic acid
Hydrazine,1,1-dimethylPropane, 2-ethoxyFormic acid
Hydrazine, 1,1-dimethylHydrazine, 1,1-dimethyl2-Propanone, 1-hydroxy2-Propenoic acid
Pyridine
1-Hydroxy-2-butanone

5.447

Butyrolactone

0.856

15.273

6.730

Phenol

3.417

15.429

7.042
7.101
7.783

1,6-Heptadien-4-ol
1,6-Heptadien-4-ol
1,2-Cyclopentanedione
Tetrahydrofurfuryl chloride

0.395
0.467
0.373
0.596

10.133
11.157

Phenol, 4-ethyl-

1.798

16.576

12.817

1,2-Benzenediol

5.201

16.790

Benzoic acid, 4-hydroxy-3,5-dimethoxy-, hydrazide
Aspidinol


the dehaired skin was used as control. The application time was 4h. Test end, removed the residue
with warm water. The skin reaction was observed
and recorded after removed sample 1h, 24h, and
48h.



Relative
content %
5.014
4.377
1.225
7.056
0.736
5.018
1.531
2.135
1.030
9.219
0.890
0.358
2.229
0.566
1.385
0.191
1.138
0.393
1.961
16.576
0.397

%&('& 

3074.,6 .97:9<4=498 ,8/ ;06,=4?0 .98=08=
91 -,7-99 ?4802,; In the present work, GC-MS
analysis of the underivatized active fractions provided high resolution of the 42 components (Table
1). The bamboo vinegar has exhibited better chromatogram in GC-MS analysis. Only likely to possess different constituents and properties, but also
in potential bioactivity and health benefits (Fig. 1).

%0<>6=< 91 48/99; -,.=0;4.4/,6 ,.=4?4=B We
used BV with 0.4-7.2% organic acid concentrations
to determine the corrected mortality (Table 2). The
corrected mortality was 18.6-87.3% with BV for

&=,=4<=4.,6 8,6B<4< Data were analyzed by
using an analysis of variance (ANOVA), and significant differences between the mean results of the
various treatments were determined according to
Duncan’s Multiple Range Test using SPSS v19
program a significant difference (P < 0.05) between
the mean for the control and the other treatments.
All the data were expressed as mean ± standard
error (SE).
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the bactericide-treated for bacteria. Tests showed
that the bactericidal effect of BV were gradually
weaken with the decrease of organic acid concentration. The best sterilization effect was 3.6-7.2%
BV, the corrected mortality was more than 80%,
followed by 1.4-2.4%, the bacterial mortality varied
during 60-70%. However, the worst sterilization
effect was 0.4-0.8% BV, the corrected mortality
was 50% lower.
As to virus, after treatment with BV with 0.47.2% organic acid concentration the corrected mortality was 25.3-66.3% (Table 3). Tests showed that
the antiviral effect of BV were gradually weaken
with the decrease of organic acid concentration.
7.2% BV was the best one and the corrected mortality was 53.6-66.3%, then 2.4-3.6% BV, the corrected mortality was 44.6-56.2%. The control effect of
0.4-1.4% BV was the worst, the mortality of virus
was less than 50%.
For parasite (Table 4), after treatment with BV
with 0.4-7.2% organic acid concentration the corrected mortality was 10.94-93.01%. The result
showed that the inhibition effect of parasites of BV
were gradually weaken with the decrease of organic

acid concentration. 7.2% BV had a much higher
death rate than others, and the corrected mortality
was over 90%. The corrected mortality was 68.3182.7% with 2.4-3.6% BV, and the effect was better.
The corrected mortality closer to 60% with 1.4%
BV, but the effect is actually modest compared with
2.4% BV. Then 0.4-0.8% BV was the least effective at preventing parasites, the corrected mortality
was 10.94-41.63%.

847,6 <,10=BThe acute oral toxicity test in
mice was performed and LD50 was determined
using Horn'smethod (Table 5). After infection, no
abnormal performance and deaths were observed in
the experimental mice. There was no significant
change in the gross anatomy of the animals. Mortality was 0% during the entire observation period.
After 2 weeks, all animals gained weight and no
damage of internal organs was found. According to
toxicological test methods for registration of pesticides (GB15670-1995), the acute oral toxicity of
7.2% BV belongs to actually non-toxic substance.
The acute oral toxicity LD50 were greater than
5000 mgkg body weights for male and female. 

' 
'9A4.4=B=0<=;0<>6=91-,7-99?4802,;,2,48<=-,.=0;4,
Treatment
agent

7.2% BV

Organic acid
concentration
7.2%
3.6%
2.4%
1.4%
0.8%
0.4%

E. coli
83.2 (75.0-91.4)
73.1 (66.1-80.1)
61.5 (55.2-67.8)
60.3 (55.1-65.5)
50.1 (46.6-53.6)
39.6 (37.3-41.9)

Corrected mortality (%) mean ± SD 95% confidence interval
Salmonella
Shigella
Bacillus
86.7 (78.4-95.0)
81.5 (73.5-89.5)
87.3 (78.8-95.8)
75.6 (68.1-83.1)
71.1 (64.0-78.2)
73.4 (66.2-80.6)
65.0(58.5-71.5)
70.7 (64.7-76.7)
72.9 (66.7-79.1)
51.2 (46.0-56.4)
60.2 (55.1-65.3)
51.1 (45.6-56.6)
41.1 (37.9-44.3)
49.3 (46.0-52.6)
40.7 (37.7-43.7)
29.3 (26.8-31.8)
28.4 (26.4-30.4)
18.6 (16.5-20.7)

V.cholera
84.6 (76.0-93.2)
73.7 (66.4-81.0)
63.2 (56.5-69.9)
52.5 (47.5-57.5)
41.3 (38.2-44.4)
20.9 (18.9-22.9)

' 
'9A4.4=B=0<=;0<>6=91-,7-99?4802,;,2,48<=?4;><
Treatment
agent

7.2% BV

Organic acid
concentration
7.2%
3.6%
2.4%
1.4%
0.8%
0.4%

Corrected mortality (%) mean ± SD 95% confidence interval
Hepatitis virus
Gastroenteritis virus
poliovirus
Coxsackie virus
65.3 (56.8-73.8)
53.6 (44.9-62.3)
57.1 (48.6-65.6)
66.3 (58.0-74.6)
55.6 (47.6-63.6)
52.1 (44.3-59.9)
56.2 (48.7-63.7)
54.2 (46.6-61.8)
44.6 (38.1-51.1)
51.3 (45-57.6)
51.5 (44.8-58.2)
51.6 (44.8-58.4)
43.1 (38.1-48.1)
43.8 (38.3-49.3)
42.3 (37.0-47.6)
41.7 (36.0-47.4)
33.6 (30.1-37.1)
31.6 (28.6-34.6)
33.7 (30.4-37.0)
41.3 (37.8-44.8)
33.2 (31.2-35.2)
31.5 (29.3-33.7)
25.3 (23.5-27.1)
37.2 (35.2-39.2)


' 
'9A4.4=B=0<=;0<>6=91-,7-99?4802,;,2,48<=:,;,<4=0
Treatment
agent

7.2% BV

Organic acid
concentration
7.2%
3.6%
2.4%
1.4%
0.8%
0.4%

Corrected mortality (%) mean ± SD 95% confidence interval
Fly
Balantidium coli
Hymenolepis nana
Pinworm
93.01 (84.71-101.31)
92.52 (84.02-101.02)
91.15 (83.15-99.15)
91.42 (83.22-99.62)
82.7 (75.5-89.9)
80.52 (72.72-88.32)
81.11 (74.01-88.21)
80.15 (72.65-87.65)
70.21 (63.71-76.71)
72.07 (65.77-78.37)
69.41 (63.21-75.61)
68.31 (61.61-75.01)
51.43 (46.23-56.63)
59.23 (53.73-64.73)
56.37 (51.37-61.37)
57.77 (52.47-63.07)
23.75 (20.65-26.85)
38.38 (34.68-42.08)
41.63 (38.33-44.93)
37.51 (34.01-41.01)
10.94 (8.94-12.94)
15.44 (13.04-17.84)
24.17 (21.67-26.67)
21.18 (18.98-23.38)

'
%0<>6=<9179><0-,7-99?4802,;98,.>=09;,6=9A4.4=B4874.0
Sex
Female
Male

Dosage group
(mg. kg-1)
5000
5000

Mice count
10
10

Initial weight
(±sg)
20.5 (19.3-21.7)
21.1 (20.3-21.9)
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Final weight
(±sg)
27.3 (25.2-29.4)
31.1 (29.9-32.3)

Death
count
0
0

Mortality
(%)
0
0
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'
%0<>6=<91-,7-99?4802,;9879><0-9807,;;9@:96B.3;97,=4.0;B=3;9.B=074.;98>.60><

Male

Female

Sex

Group
Negative control
Low does
Mid does
High does
Positive control
Negative control
Low dose
Mid dose
High dose
Positive control

Mouse
count
5
5
5
5
5
5
5
5
5
5

The PCE
tested
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000

Micronucleus
count
10
10
9
11
117
8
9
10
9
139

Micronuclear cell
rate (‰)
2.0 (1.3-2.7)
2.0 (1.3-2.7)
1.8 (1.0-2.6)
2.2 (1.4-3.0)
23.4 (16.5-30.3)
1.6 (0.7-2.5)
1.8 (1.0-2.6)
2.0 (1.3-2.7)
1.8 (1.0-2.6)
27.8 (17.9-37.7)

P

PCE/NCE

/
0.542
0.667
0.417
<0.001
/
0.407
0.283
0.407
<0.001

1.09 (0.97-1.21)
1.05 (0.96-1.14)
1.04 (0.91-1.17)
1.11 (1.00-1.22)
1.05 (0.95-1.15)
1.05 (0.95-1.15)
1.04 (0.99-1.09)
1.05 (0.97-1.13)
1.08 (0.94-1.22)
1.10 (1.05-1.15)


'
%0<>6=<91-,7-99?4802,;98;,--4=<548<4;;4=,=498
The integral of skin irritation
24 h
S
C
S
C
E
D
T
E
D
T
E
D
T
E
D
T
1
Female
2.1
0
0
0
0
0
0
0
1
1
0
0
0
2
Male
2.2
0
0
0
0
0
0
0
0
0
0
0
0
3
Male
2.5
0
0
0
0
0
0
0
0
0
0
0
0
Average integral
0
0
0
0
Intensity
None stimulation
S = Sample; C = Comparison; E = Erythema; D = Dropsy; W = Weight; T=total
No.

Sex

W
(kg)

1h

By means of statistics analysis, there was no
significant difference between various dosage
groups and negative control group (p>0.05),
PCE/NCE > 0.1 (Table 6). The mouse bone marrow
polychromatic erythrocyte micronucleus test was
negative. According to GB15670-1995, the acute
toxicity of 7.2% BV belongs to no teratogenic substance.
After 1, 12, and 24h of treatment with 7.2%
BV, the test and the control spot showed no red
spot or dropsy. According to GB15670-1995, the
dermal sensitization rate of 7.2% BV is zero to rabbit (Table 7), belongs to nonirritating substance.


&(&&"!

The organic acid concentration of bamboo
vinegar was higher in this experimentation, and the
analyses were made also to the effect of bactericidal
anti-virus. The results show that bamboo vinegar
has a strong inhibitory effect on common bacteria,
viruses and parasites in garbage stench. The active
ingredient of bamboo vinegar is organic acid
against bacteria, and there exists a positive correlation between anti-bacterial activity and the concentration of organic acid. Namely, the antibacterial
and antiviral effect of bamboo vinegar was gradually weaken with the decrease of organic acid concentration. The inhibition ratio of the organic acid
concentration of 2.4-7.2% bamboo vinegar were
more than 50% to bacteria, viruses and parasites,
which can be used as a waste treatment agent. Some
research has found that biomass vinegar has anti-

48 h
E
0
0
0

S
D
0
0
0
0

T
0
0
0

E
0
0
0

C
D
0
0
0
0

T
0
0
0

bacterial and anti-oxidation activity. And the antioxidation can be improved significantly by mix
bamboo vinegar with other substances. Additionally,
Marumoto et al. found that bamboo vinegar has
good antiviral effect on tobacco mosaic virus, porcine reproductive and respiratory syndrome virus
(PRRSV), enveloped RNA virus belonging to the
Arteriviridae family. And it kills airborne viruses,
such as foot-and-mouth disease virus (FMDV) [10].
There are many studies on the bactericidal antivirus
of bamboo vinegar, but similar studies on wood
vinegar have rarely been reported. Oramahi and
Baimark reported wood vinegar has good sterilization effect on fungus respectively [13, 14]. Wang et
al. (2018) reported cotton stalk vinegar using response surface methodology with the variation of
three parameters, their contents is slightly higher
than that of the wood vinegar, so that it has the
enormous potential adhibition [5]. To increase the
added value and commercialization of wood vinegar, liquid−liquid phase extraction and secondary
distillation were used for isolations of the different
active fractions from wood vinegar by Li et al., the
antioxidant activities of all the fractions were expressed as vitamin C equivalent antioxidant capacities [15]. Wood vinegar was used to extract chromium, copper, and arsenic from chromated copper
arsenate (CCA)-treated wood by Choi et al. [17].
The extraction efficiency for CCA elements increased with increasing the concentration of wood
vinegar and the extraction conditions, resulting in
maximal removal rate of copper (95.7%), followed
by arsenic (92.7%) and chromium (86.3%). Liu et
al had estimated the multiple heavy metal adsorp-
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solved. The species of forests, the quality, the production equipment and process technology, the collection methods, the packaging, the storage methods and conditions of forests can cause differences
in the content of each component of bamboo vinegar and the physical and chemical properties. To
develop the excellent characteristics of bamboo
vinegar and expand application range, firstly, the
comprehensive research on production equipment
and technology and other factors should be
strengthened to ensure the stability and standardization of product quality. Secondly, we should also
strengthen the study on the mechanism of bamboo
vinegar, ascertain the content of each component
and the relationship between forms of existence and
compositions, and study the effectiveness of various functions and side effects, which establishes the
for resource utilization of agriculture and forestry
residuals.


"!(&"!& 

tion behaviors of secondary composts, the results
proved that wood vinegar was an effective additive
to improve the composts quality and decrease the
metal toxicity [17]. The effect of enhancing wood
vinegar (WV) with a mixture of biochar (B) and
zeolite (Z) to compost pig manure (PM) was evaluated to determine the levels of greenhouse gas
(GHG) and ammonia emissions by Wang et al.
They indicated that the combined use of B, Z, and
WV could shorten the thermophilic phase and improve the maturity of compost compared to the control treatment [18, 19].
However, the inhibition effect of bamboo vinegar on the virus has not been reported. Most bamboo vinegar contains high soluble tar, which the
antibacterial antiviral effect may be superior to
wood vinegar. The tar component has antivirus
effect alone, and mixed with organic acid of bamboo vinegar can be produced synergistic effect [19,
20]. Those works found that bamboo tar has a
strong activity of killing insects and a strong insecticidal and acaricidal activity, and it is necessary to
further study whether it has an antibacterial and
antiviral effect. In addition, more research should
also be done for contrast analysis of the ingredient
of bamboo and wood vinegar, sterilization and antiviral activity contrast and mechanisms of action.
The acute oral toxicity test in mice showed
that the acute oral toxicity LD50 was greater than
5000 mg/kg body weights for male and female with
bamboo vinegar, belongs to an actually non-toxic
substance. The mouse bone marrow polychromatic
erythrocyte micronucleus test was negative, belongs
to non-teratogenic substance. The dermal sensitization rate was zero in the acute skin stimulation test,
belongs to nonirritating substance. Therefore, the
bamboo vinegar is a non-toxic, non- irritant, nonsensitizing and non-teratogenic within a certain
dose range, and it is a safe and natural waste treating agent. Because bamboo vinegar has complicated chemical composition, it is necessary to study
the contents of effective components of bamboo
vinegar in the development of waste treating agent.
Study on animal safety of bamboo vinegar (six toxicology) to ensure no actual toxicities, irritation,
teratogenicity and mutagenicity to minimum risk of
pesticide (registration free).
Asia has abundant bamboo resources and can
produce large quantities of cheap and non-toxic
bamboo vinegar every year. It is a natural compound and has significantly bactericidal as well as
anti-virus effects and broad exploitation and utilization prospects. However, the research and development of bamboo vinegar is still in the primary
stage of effect first in China. Nowadays, the study
should be future-oriented and safety and comfort
was the first and the effect was the second as guidance. Bamboo vinegar is a natural material and is
consistent with people pursuit of nature, but it the
problem of comfort and safety of the tar needs to be

The work test on the bactericidal and antiviral
effects of bamboo vinegar with various concentrations on domestic waste, conclusion can be summarized below (1) the fungicidal activities   of
bamboo vinegar with the concentration 7.2%-1.4%
in terms of inhibition rate in hypha growth has
strong inhibitory effect; (2) the antiviral activities
of bamboo vinegar with the concentration 7.2%2.4% by TCID50 has exhibited high antiviral activities; (3) the stomach toxicities and worms lesion
activities of bamboo vinegar with the concentration
7.2%-1.4% by microtitration and direct smear has
significant stomach or worms lesion activities; (4)
animal safety tests showed that the acute oral toxicity of 7.2% BV belongs to actually non-toxic, no
teratogenic and nonirritating substance. In a word,
bamboo vinegar with a certain dose range can be a
natural waste treatment agent.


!"* !'&
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or:parlar@prt-parlar.de

Language
Papers must be written in English. Spelling may
either follow American (Webster) or British
(Oxford) usage but must be consistent. Authors
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Original papers must not exceed 14 typewritten
pages. In addition up to 5 figures may be included.
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Thank you very much!
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