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In the scenario of unexpected climate patterns
food security has become the highest priority around
the globe. The decline in freshwater resources is of
major concern for achieving stable agricultural
productivity. Demand for vegetable oils is increasing
globally but existential drought is responsible for the
under production of important oilseed crops. In rapeseed and mustard, drought stimulates plants to down
regulate or even stop normal metabolic pathways
and activate the synthesis of stress responsive metabolites. These metabolites result in hormonal imbalance, disruption to tissues, reduction in oil contents and morphological changes in overall plant
phenotype. Ultimately, optimal production of yield
and biomass is compromised to ensure survival. To
develop tolerance in existing genotypes of Brassica
conventional breeding have provided promising outcomes, but further input from molecular breeding approaches offers rapid, targeted selection for favourable genotypes and thus an increased speed of variety
development. Unprecedented advances in biotechnology have assisted the exploitation of drought
stimulated mechanisms and engineering of the respective pathways to incorporate drought tolerance
in innumerable Brassica species. This paper reviews
the current and novel application of molecular breeding and biotechnology for producing drought tolerance in Brassica species with a major focus on ubiquitination and sumoylation regulatory pathways.

   

Recently, oilseed crops have attracted more attention due to an increasing demand for healthy vegetable oils because edible oil has become preponderant commodity of daily use based on its desirable
features. The large proportion of edible oil used consists of rapeseed oil. The annual global production of
rapeseed oil is 60-70 million tons ranking just behind
that of soybean [1]. After the double low improvement (less erucic acid and glucosinolates), rapeseed
oil contains 11% linoleic acid,21% linolenic acid,
61% oleic acid and7% saturated acids (including palmitic acid and stearic acid) [2]. Some Brassica species are used as medicinal plants also [3].
Population growth and urbanization is further
rexacerbating the deviation between demand and domestic production [4]. Therefore, increasing the production of local genotypes is required to remove the
reliance on vegetable oil imports.
Oilseed crops are vulnerable to innumerable
factors including lodging, heat stress and drought,
resulting in the under production of oilseed crops in
Pakistan. In , plants that lodged at 90°
showed a reduction of 46% in silique weight, and
28% in the number of siliques per plant [1]. Oil content significantly decreased with increase in lodging
angle reaching a maximum reduction of 4.8% at 90°
compared with the control [5]. The selection of appropriated cultivars is a strategy to decrease wind
damage on the crop, since there is considerable variation among genotypes [6]. Temperature is another
production limiting factor. At temperatures higher
than 25°C there is 42.7% and 56.8% decrease in photosynthesis and stomatal conductance of sunflower,
respectively, with every 10°C rise in temperature [7].
The salt stress affects both the morpho-biochemical
and molecular processes of    [8]. In addition,
when drought stress occurs with salinity, osmotic


4 :
Brassica, Climate Change, Drought, Genome editing,
Morpho-biochemical





19





   



    ! 

" #

"


stress prevails along with ionic stress, further suppressing plant growth and productivity [9]. Production of crop plants with better drought adaptive strategies to countermeasure drought stress offers a clear
target for producing enough food to feed rapidly increasing global population. In the scenario of reduced water availability and its basal role in the crop
production, the dissection of the drought tolerance
and water use efficiency should be key objectives for
future crop development. Inputs from both conventional and biotechnological processes are urgently
required to ensure the development of water efficient
and drought tolerant crops. Henceforth, this article
discusses the established applications of molecular
breeding and biotechnology for the improvement
against drought stress in Brassica species.

    
       

In case of drought stress the osmotic regulation
is primary pathway of the plants to sustain normal
metabolic activities. Expression of various proteins
regulating homeostasis is modified mainly including
dehydrin (DHN) and late embryogenesis abundant
(LEA) protein. In stimulus of drought stress LEA are
involved in the maintaining of cellular components
[19]. In    Group 2 LEA (DHNs) and Group
3 LEA proteins concentrated for tolerating water
scarcity [20]. Century   [21], designed a research
work to understand ABA biosynthesis of phytohormones and the signal transduction pathway. To overcome the disruptions due to drought, plants can
quickly concentrate ABA that stimulates closure of
stomata to check the loss of water from plant surface
via transpiration. The ABA sensitivity is regulated
by Farnesyl-transferase (FTA), a basic negative regulator, inguard cells. Wang   [22] revealed that
by suppressing the alpha or beta subunit of FTA,
ABA in Arabidopsis and capability of plant to tolerate the drought stress could be improved. When similar strategy applied in   , it enhanced water
conservation by reducing the loss of water through
transpiration routes. The productivity of the mutant
   lines for seed was analogous to productivity
of control under normal irrigation; and, it was remarkably better than controls having moderate
drought. Therefore it was concluded: controlled and
specific suppression of FTA in    through a
drought-induced promoter caused improved productivity against drought. By further exploitation of this
strategy considerable goals in developing drought
tolerance in rapeseed are achieved.
To continue gene expression, modification of
chromatin structure is crucial and histones having
primary function in the chromatin structure, drought
responsive histone expression can trigger necessary
changes in chromatin structure [23]. For example,
reduction in H2B histones was reported in   
[20]. Under drought, Ascorbate-Glutathione (AsAGSH) is also an important antioxidant metabolism in
which by taking electrons from AsA, reduction of
H2O2 is carried out for producing H2O with help of
ascorbate peroxidase (APX) and oxidized AsA is recovered by other metabolites [24]. The drought responsive increase in the APXs of mitochondria and
thylakoids in    has been visualized [20]. The
genetic studies have uncovered many drought tolerant responses of  and other plants. But due
to complexity of drought responsive networks further studies are inevitable to elaborate the in-built relations among these networks for rational engineering of drought tolerance in field crops.

; 
   
      

Abiotic stress affect the plant growth and development many folds [10-14]. Plants being rooted
organisms are unable to change their niche and therefore, require a stimulus either emanating from the
plant body or from the surroundings that assist them
to adapt their behavior and metabolism so it is compatible to the environment. Abiotic stress within agricultural systems, specifically declining freshwater
resources, vastly limits the growth and development
of crops. To ensure survival under the adverse natural conditions, plants have adapted and developed a
range of mechanisms, to predict and sense drought
and respond accordingly. Starting from the germination, inadequate water availability results in the limited and non-uniform germination [15] and poor
rapeseed seedling establishment [16]. It has been established that the reduced growth rate of seedlings of
rapeseed during the drought period is due to carbon
acclimatization, cell constriction and limited resource partitioning [17]. Recently, a crucial decline
in chlorophyll content of rapeseed genotypes in
drought condition has been reported [16]. Cultivars
with drought sensitivity showed a greater decrease in
photosynthesis and increased disruption of photosynthesis metabolism in the photosystem II complex
with reduced energy transfer between chlorophyll a
and b [18]. The photosynthetic system undergoes a
decrease in efficiency and results accumulation of
reactive oxygen species (ROS). It is hypothesized
that the increased disruption of the photosynthetic
system provides electrons and lead to accumulate the
ROS [16]. Drought sensitive rapeseed genotypes
demonstrate higher levels of Malondialdehyde
(MDA) at seedling stage owing to the increased synthesis of H2O2 [16]. More tolerance to the drought
stress was depicted at the vegetative and seed-filling
growth periods [18].
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crosses were made between     and
    using embryo rescue technique to
transfer these valuable traits into  crops.
Some triploid BC1 plants having 2n = 32 chromosomes were developed by backcrossing F1 with 
  . A few monosomic lines of    ,
having a chromosome from     were
developed in the BC2 population, which would help
in genetic and breeding research in future [28]. Furthermore, BC1 generation was obtained from the
cross of F1 with male     which was produced by pollinating   female with    .
These BC1 plants hadone, five or six additional 
 chromosomes along with 18 chromosomes of
   . These monosomic alien addition lines
might be used into the breeding programs [29].

 #   
     
Due to indeterminate growth pattern and complex drought tolerance strategies, the literature available on rapeseed is not enough. Richards and Thurling [24], discovered that leaf chlorophyll stability,
leaf proline accumulation and germination at low osmotic pressure were primarily genetically controlled
and were responsive to selection breeding. Broadsense heritability of chlorophyll stability in 
 and germination rate in  
were 64% and 55% respectively, while that of proline accumulation was 40% in both   
and   . The broad-sense heritability of both germination rate and proline accumulation was significantly higher than the narrow-sense
heritability of these traits.
Morphological responses of plants to water
stress are quantitatively controlled. In 
  , Hall et al. [26] conducted quantitative trait
loci (QTL) mapping of photosynthetic traits and water use efficiency (indicated by carbon isotope ratios). Consequently, 30 different quantitative trait
loci were screened on seven linkage groups, having
phenotypic variance of 3.4 – 36.6% the in the traits
of interest. QTLs for various characters (  stomatal density, carbon isotope fractionation, nitrogen
content, photosynthetic rate and leaf thickness) were
physiologically sharing the same locus, which indicates the pleiotropic effects of gene/s on WUE and
traits related to photosynthesis at these loci.

    
       
The role of ubiquitin system has been identified
in the regulation of protein as a plant’s survival strategies and to improve adaptation to different environmental stresses [30]. Engineering of post-translational protein structure contributes significantly to
the ubiquitin network as a key regulatory function
which is not only associated to cellular response but
also to plant stress [31]. Ubiquitination, a mechanism in which ubiquitin molecule is attached and
combined with a protein substrate. Protein labeling
with ubiquitin is accomplished with the help of three
enzymes; E1 (Activation), E2 (Conjugation) and E3
(ligation). E1 enzyme is responsible to the activation
of ubiquitin, E2 is a conjugating enzyme while E3 is
ligase enzyme [32]. E3s are accountable to engaging
target proteins and give uniqueness to the ubiquitination process. The stress-related studies in 
    and crop species mutants revealed
that many ubiquitin ligases control the expression of
traits in plants which are tolerant to abiotic stress,
mainly drought [31]. Stress related modifications in
expression of gene are affected by the E3s ligases
that modulate the abundance of transcription factors
(TFs). E3 ligases may inhibit the activity of transcription by targeting transcription factors (TFs),
stimulating their degradation in the absence of stress.
In Arabidopsis, E3 ligases DERB Interacting Protein
1 ( ) and DREB Interacting Protein 2 (!),
arbitrate the denaturation of "!, a protein responsive to dehydration [33]. Degradation due to
ubiquitin causes a reduction in the intensity of stress
related signaling. This is in case of E3 ligases, abundance of drought inducing ethylene response factor
53 is regulated by Ring-Domain-Ligase 1 (#$# )
and #$#! [34]. E3s also target other downstream
genes, RING MEMBRANE ANCHOR 1 (Rma1H1)
which plays vital role in drought tolerance by adjusting the aquaporin’s level in model plant Arabidopsis
[35]. The ECERIFERUM9 (cer9) mutant in the E3

   
    4 
In agriculture, ideal way to deal with drought
problems is breeding and development of drought
tolerant varieties. Because of the problems associated with drought as a stress signal, analyzing plant
strategies for drought tolerance has been a significant challenge for plant breeders. However, a lot of
studies have been carried out to enhance drought tolerance in rapeseed genetically. An experiment was
conducted by Richards and Thurling in 1979 [25].
   was evaluated for the improvement of seed yield in response to bulk selection for
yield, 1000-seed weight, harvest index and seeds per
pod in drought environment. For yield only under
drought, the individual selection was 20% ineffective than bulk selection. In the   , a genetic improvement could be accomplished through
individual plant selection for harvest index or for
flowering time, which was more desirable than by
individual selection for yield. Although, bulk selection for yield and flowering time resulted in 16% increased yield. The crop wild relatives (CWR) of
, like     and  ,
are more tolerant to drought stress [27]. Intergeneric
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ubiquitin ligase have better drought tolerance due to
addition of cutin, a waxy material in the cuticle of
plants help to minimize water transpiration [36].
A number of studies proved that a strong link is
present between ubiquitination, ABA signaling and
drought tolerance. It has been studied that ubiquitination has positive and encouraging role on abscisic
acid (ABA) biosynthesis for the E3 ligase ubiquitin
XERICO, whose increased level of expression helps
in initiation of NINE-CIS-EPOXYCAROTENOIDDIOXIGENAS3 (NCED3), which assist and enhance tolerance against drought. Nine-CISEpoxycarotenoid-Dioxigenas (%&") belong to
multi-gene family, identified in several plant species. NECD homologs have been characterized in
numerous plants such as Arabidopsis, rice and wheat
[36]. It is a critical step to cleave the cis-epoxy carotenoids by NCED family proteins in the regulation
of ABA production in plants. Recently,  %&"'
gene (NECD family) identified in   .
 %"&' gene translates into 592-amino acid protein and also having high resemblance to %&"',
Arabidopsis protein. It is also confirmed in the expression pattern assays that  %&"' is expressed
ubiquitously in all the tested organs at different levels. Moreover, in the Arabidopsis mutants, over-expression of  %&"' helps in the accumulation of
ABA which ultimately enhances tolerance to abiotic
stress. Drought Tolerance Repressor (DOR) of E3
ubiquitin ligase in     negatively
regulates biosynthesis of ABA in guard cells. Resultantly, DOR plants having extra capacity to tolerate
drought stress [37]. This post-translational procedure symbolize novel potential targets for the development of unique accessions having improved stress
tolerance. This could support and upkeep the molecular breeding of new genotypes with best combination of alleles or set the basis of new transgenic generation.

frequently takes place on the lysine of a particular
unanimity arrangement. However, sumoylation of a
substrate may also regulated by phosphorylation
[31]. Alternatively, SUMO peptidase enzymes are
accountable for SUMO de-conjugation and consequently find out the vibrant features of this protein
engineering. SIZ1 is a core regulator responsible to
accumulate SUMO conjugates in response to stress
[38].
On the other hand, MMS21 is somewhat responsible for the conjugation upon the treatment of
abscisic acid [39]. The analysis of phenotype of
MMS21 and SIZ1 mutant plants having vital contribution of sumoylation in tolerance to heat and
drought. Drought tolerance is linked with higher sensitivity to abscisic acid studied in MMS21 mutants
[39]. The function of sumoylationin reaction to
drought stress has been proved that dehydration,
ABA treatment, normal temperature stress and other
stress triggered the accumulation of SUMO conjugated protein [39].


   
       

The drought associated orthologous sequences
from Arabidopsis are the goal for engineering physiological stimulus of  in drought conditions
[40].Transgenic exploitation of these putative sequences based on Arabidopsis discoveries conferred
efficient and accurate manipulation of plants. The
sensitivity of ABA and tolerance to drought in Arabidopsis is controlled by ERA1, β-subunit of farnesyl transferase [41]. In the transgenic   , with
an antisense ERA1 caused due to drought-inducible
RD29A promoter, reduction in the rate of germination with reduced sapling growth, because of exogenous use of ABA were visualized, than those of nontransformants Brassica genotypes [22]. On the similar grounds, RNA interference-based knockdown of
a-subunit of farnesyltransferase under AtHPR1 promoter in    contributed to increased yield under field conditions in the prevailing drought stress
in comparison to yield of non-mutant plants [42]. In
addition, the transgenic lines of    having natural expression profile of Arabidopsis C-repeat/sensitive to dehydration element binding factor (CBF1)
depicted improved tolerance to freezing and drought
[40].
It is observed that phospholipase Dα1 (PLDα1)
catalyze synthesis of a lipid-based messenger, phosphatidic acid that has an important function in stomatal closure [43]. In the drought stress reinforced
by salinity, an augmentation in the plant biomass and
yield along with a remarkable decrease in the transpiration water loss was measured in the   
lines carrying PLDα1 [43]. The plasticity in flowering period towards earliness, decrease in transpiration with slightly opened stomata and better

    
      

It is a reversible post-translational engineering
method of protein substrates [31]. It is similar to
ubiquitination regarding reaction scheme and use of
enzyme classes. Conjugation of Ubiquitin involved
in Ubiquitination but in case of Sumoylation having
addition of SUMOs (small ubiquitin-like modifiers).
Sumoylation can affect and alter the structure of protein and subcellular localization. Corresponding to
ubiquitination, conjugation of SUMO’s catalysis
contains E1, an activating enzyme; E2, conjugating
enzymes and E3, Ligases enzyme. A very limited
numbers of E3 ligases accomplished whole alteration. Undeniably, merely two E3s, Miz 1 (SIZ1) and
SAP and High-Ploidy-2 (HPY2)/Methyl-MethaneSulfonate Sensitivity protein 21 (MMS21), discovered in    . Sumoylation
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tolerance to water deficit was apparent in the 
 lines with BnPtdIns-PLC2 upregulation [44].
The invaluable contribution of Poly (ADP-ribose) polymerase (PARP) in regulating important
cellular pathways, mainly including controlling the
programmed death of cell has been reported [45].
Considering this regulatory role of PARP,   
mutants with limited PARP were observed and they
conferred promising results with decrease in apoptosis under stress and augmented tolerance against water scarcity [46]. Successful applications, from annotated stress responsive genetic regions of Arabidopsis, in  press strongly to infer that, further
goals could be achieved for developing drought tolerant canola crops using the basal in formation of Arabidopsis.
In conclusion, the regulation of stress related
genes/factors has significant potential for inducing
drought tolerant in crop plants and it can be exploited
for Brassica species as well. The new efficient genome editing tool (CRISPR/Cas9 system) must be
used to bring novel mutation in Brassica species
against drought.
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tinuous monitoring of continuous changes in the
market, which also verified its application in
practice.
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International shipping is still the most important transportation method. Besides the uncountable benefits, ships have a considerable role on
environment. Greenhouse gas emissions is the most
negative effects of freight transport and has undesirable effects on the environment. Exhaust gases
are the primary source of greenhouse gas emissions
(GHG) from ships and carbon dioxide is the most
important GHG, both in terms of quantity and of
global warming potential. In view of rising environmental concerns of GHG, shipping lines must
also consider cutting down their carbon footprints
in their strategic and tactical planning. Intermodal
freight transport, where freight is shipped from
origin port with gateway ports by a sequence of at
least two transportation modes, offers the possibility of shifting freight (either partially or in full)
from one mode to another in the hope of reducing
the greenhouse emissions by appropriately scheduling the services and routing the freight. Traditional
planning methods for scheduling services in an
intermodal transportation network usually focus on
minimizing travel or time-related costs of transport.
The main objective of this paper is to find for the
most favorable solution from a range of permissible
solutions in terms of the criterion adopted, the lowest transport costs and the minimum emission of
gases when transporting the container. The developed mathematical model is verified by the example of container transportation from Shanghai to
Belgrade using four scenarios and one hypothetical
model. The mathematical model gives us the possibility to observe the entire range of solutions, as
well as the ability to rank them, by which a simple
selection of a group of the most favorable solutions
is made, while simultaneously looking at transport
costs and gas emissions. The model responds to
different customer requirements as some require
lower transport costs, while others are focused on
minimizing and faster delivery times, taking into
account the increasingly important issue of environmental sustainability by minimizing gas emissions. The mathematical model as a separate software package was implemented by Agent Plus in
the process of business improvement through con-
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Carbon dioxide emissions from international
shipping cannot be attributed to any particular national economy due to its global activities and complex operation. International Maritime Organization
(IMO) has been energetically pursuing the limitation and reduction of greenhouse gas emissions
from international shipping, in recognition of the
magnitude of the climate change challenge and the
intense focus on this topic. According to the Second
IMO GHG Study 2009 [1], which is the most comprehensive and authoritative assessment of the level
of GHG emitted by ships, international shipping
was estimated to have emitted 870 million tons, or
about 2.7% of the global man-made emissions of
CO2 in 2007. Fig. 1 represents different CO2 emissions per ship category [2].
Rising consumer and regulatory pressures and
the release of supply chain emissions reporting
standards are pushing companies to account for the
environmental impact of their supply chains, including the transportation of goods. Companies are
increasingly asking their transport suppliers across
road, rail, air, and ocean freight for reliable emissions data to better gauge the overall environmental
footprint of their products.
Environmental protection is a key task in sustainable development in the maritime industry.
Therefore, there is a growing requisite to consider
carbon footprint in transport planning. Intermodal
network development offers great potential to improve sustainability in supply chain and transportation because railway and inland barge transport
incurs much lower carbon emissions than trucking
which is now dominant in inland transport. This
explains why green transport solutions suggest
seaport linked with inland dry ports by railway
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Although literature on freight transportation is
large, containers assignment on intermodal networks is still an open issue. Decreasing carbon
dioxide (CO2) emissions is one of the most important tasks for the society in the 21st century. The
concentration of CO2 in the atmosphere has been
monitored continuously since 1958 [4, 5, 6].
Planning methods for scheduling services in
an intermodal transportation network usually focus
on minimizing travel or time-related costs of
transport, but [7] breaks away from such an approach by addressing the issue of incorporating
environment-related costs (greenhouse gases, to be
specific) into freight transportation planning and
proposes an integer program in the form of a linear
cost, multi-commodity, capacitated network design
formulation that minimizes the amount of greenhouse gas emissions of transportation activities.

especially double-stack train application, inland
barge connections, and using shortest possible initial and final journeys by truck in intermodal container networks. Container shipping is the most
carbon efficient means of transporting most goods
across the world.
Most of the world's manufactured goods and
products travel by container ship, with the containers then transferred to rail or truck to reach their
final destination. Containerization has revolutionized the movement of goods and the increased
efficiency of moving goods has produced numerous
benefits including lower environmental impacts
associated with the movement of products from one
point to another. Fig. 2 represents different CO2
emissions for different routes [3].
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The reduction of CO2 - emissions, an important cause for global warming, has become a
priority, and consequently there is increasing pressure on governments and industries to come forward with initiatives to reduce CO2 - emissions.
This is highly relevant for the transport sector, as
the share of transportation is still increasing, while
other sectors are reducing their CO2 - footprint.
Present a methodology to analyze the CO2 - emissions from container terminals, illustrated by the
Port of Rotterdam [8].
Similar research in terms of testing the biobjective optimization minimizing cost and transit
time conducted [9] observing import and export
container flow to and from inland China. The results and analysis offer managerial insights of the
impact of trade-offs between cost and transit time,
and the effect of different carbon footprint requirements on transport planning.
In this study mathematical model, which minimize the CO2 emissions in container transport from
Far East to Serbia were developed. Modal was
programmed in MATLAB and simulations were
performed on an Intel Core i7-3612 QM 2.1 GHz
computer. Through the minimization of CO2 emissions in container transport flow from Far East
through Mediterranean nodes it was determined the
most ecologically route for container import to
Serbia.
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It can be concluded that, during intermodal
transport, there is a port of loading, a discharge port
and maritime and inland transport.

7,-:= Each node type has its own characteristics:
1. Origin port - As one of the most important
foreign trade partners in container imports from the
Far East to Serbia is China with major port - port of
Shanghai. It is the world's busiest trading port
which handles a staggering 32 million containers a
year, carrying 736 million tonnes of goods to farflung places around the globe.
2. Only by incoming links are connected
origin port with gateway ports. To reach a gateway
port from origin port is possible, but the opposite is
not allowed since here we are addressing only incoming flows. In Serbia the main gateway ports for
container are Constanza, Thessaloniki, Bar, Rijeka
and Koper port.
3. Destination - Belgrade is capital city of
Serbia region and it is connected to the gateway
ports with a direct link, representing the shortest
path to reach it from that gateway, by road, rail and
barge.

&63:=There are two types of links, maritime
and inland, each one with its own characteristics, as
described below:
1. Maritime links - between origin port and
gateway ports. Depends on different operators
(Maersk Line, Mediterranean Shipping Company,
CMA CGM, Evergreen Line, China Ocean Shipping Company and Hapag-Lloyd) there may be
more than one link connecting an origin port to a
gateway port, and each such link belongs to a different service with given travel time and frequency.
2. Inland links - between gateway ports and
place of delivery of containers. Truck, railway and
barge are three available inland transportation
modes which could be chosen. Where there are
available rail or barge linkages, line-haul may be

The intermodal transport chain on the import
route is shown and consists of: maritime transfer
from origin port-Shanghai port to gateway ports
(Constanza, Thessaloniki, Bar, Rijeka, Koper) and
internal transfer when containers are diverted to
their final destination by land (rail, road transport)
or by barge, Fig.3 [10].
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done by rail or barge before last mile delivery by
truck. Without such facilities, containers could also
be transported from gateway ports to end-customers
all the way by truck.

7,-4.795<4);&76= Our mathematical model
is focused on the container import flow considering
the total CO2 emissions from the moment of the
ship departure from the port of loading to the moment of the arrival container to the place of delivery
in Belgrade, regarding the six different operators,
five discharge ports, three different types of services on the see legs and three different modes of
inland transport. Land emissions produced by truck,
rail and barge and ocean transport emissions from
container ships were included in total CO2 emissions. This paper excluded CO2 emissions in ports
of discharge due to their negligible share in total
emissions Fig.4 [11].
Finally, in this model was given a rank list and
possibility to sort and make a list of the best possible solutions regarding minimization of CO2 emissions [11].
This section presents the model formulation
and corresponding explanation are given as
follows [11].
The objective function (1) minimizes total
CO2 emissions of container import flow through the
transport network. They include CO2 emissions for
container ships on the first leg-arc (maritime
transport) and CO2 emissions for inland vehicles truck, rail and barge on the second leg-arc. Minimization of CO2 emissions (3):

(

)

⎡

 3 = min ⎢ ∑ ∑  ⋅  ⋅   + ∑

( , )∈
⎣⎢( , )∈  −1

(

⋅ 

)⋅ 

nj - number of transhipment ports,
 - distance at sea (from loading port to
transhipment) (km),
 - distance on land (from transhipment
port to final destination) (km),
 - offshore carbon dioxide emission factor,
 - carbon footprint on land,
  ∈ {0,1} - a binary carbon dioxide emission
variable, is a container stream on the seafloor linking the appropriate operator "i" with the corresponding port "j", taking into account the different
services "s" at sea,
  ∈ {0,1}- a binary carbon dioxide emission
variable, is a container stream on land connecting
the appropriate port "j" and declaring the appropriate mode of transport "k" to the final destination,
FL - represents the connection at sea,
SL - represents the connection on land.
For the objective function (1) which minimizes total CO2 emissions there are the following restrictions:
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where constraint (2) defines a single best solution for CO2 emission on the ocean and depends of
different type of service. Constraint (3) gives a
single best solution for CO2 emission on the second
leg-arc. Constraint (4) selects the same port for the
first and second leg-arc and represents one route
from origin to place of delivery regarding CO2
emission.
Calculating the “Carbon footprint” in intermodal transport for CO2 emissions which is equal
Distance x Emission Factor given as g of CO2TEU
respectively km x [g of CO2/(TEU x km)], [x3].

⎤
⎥
⎦⎥

(1)
Where the labels represent:
i - number of operator,  =∈ {1,...,6},
j - number of port,  =∈ {1,...,5},
s - type of service,  =∈ {1,...,3},
k - mode of transport,  =∈ {1,...,3},
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per, Rijeka, Bar, Thessaloniki and Constanza),
observing the six world's largest container operators
(Maersk Line, Mediterranean Shipping Company,
CMA CGM, Evergreen Line, China Ocean Shipping Company and Hapag-Lloyd) with theirs different type of services. Serbia is hinterland country
and container import from Far East to Serbia needs
to use different transport modes on inland to link
shipping transport in the sea leg including railway,
barge and truck. Some customers prefer lowest
freight rates while some others would rather pay
more for a faster delivery. The reduction of CO2
emissions, an important cause for global warming is
today one of the most important tasks for the society. The main goal of this research is to provide an
optimal route with lowest CO2 emissions in intermodal transport.
We propose a mathematical model, which
give us possibility to get reliable data of the minimal CO2 emissions on the observed route per TEU.
The advantage of this model is that it gives us the
possibility of observation the group of all possible
solutions, which are ranked in ascending particular
order and period of observation in the mathematical
model does not have to be time-limited.
The results analyzing the minimization by criterion ("minimum carbon dioxide emission") are
shown in Figs. 5 (Scenario 3, [11]). It is noted that
the minimum approximation of carbon dioxide
emissions from Shanghai to Belgrade is 1405.91
kgCO2 / TEU using MAERSK, which sails to the
port of Constance via AE3 (Fig. 6) and subsequently arrives in barge.

!#"!  !#!!
Total carbon dioxide emissions are the sum of
offshore and onshore emissions. The unloading
gases at the port of unloading are negligible. Table
25 shows CO2 emissions as the equivalent of the
distance x emission factor for each mode of
transport (g CO2 / TEU = km x [g of CO2 / (TEU x
km)] [12].
In this section we analyze the results obtained
by our developed optimization model, which minimize the CO2 emissions in intermodal transport. We
use original input data regarding period july-august
2013.
We concern one objective optimization (“Min
CO2 emissions”) and use different carbon footprint
factors for different modes of transport presented in
Table 1 [12].
C
5&::&76.)+;79:,-8-6,&6/76;-57,-7.
;9)6:879;'$(
Transport view
kg CO2/TEU
Truck
0,072
Railway
0,205
Barge
0,084
Container ship
0,084
This paper analyzes the supply chain network
with primary focus on import of containers from
Far East (Port of Shanghai) to Serbia (city of Belgrade) through selected Mediterranean ports (Ko-
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carbon dioxide emissions) are shown in Figs. 10
(Scenario 7, [11]). In the first iteration, the criterion
was weighted evenly, while in the second it was
shown the most favorable solution. Using ABX /
AFS shipping services via Piraeus, the container is
reloaded in Rijeka since the said container is loaded
onto the train. The obtained transportation route
Shanghai-Piraeus-Rijeka-Belgrade also shows the
required output data: 1657 €, 31 days and 1515,56
kgCO2 / TEU.
Now we can see that the results show that optimal CO2 emissions in intermodal transport between Shanghai and Belgrade, without taking into
account the hypothetical aspect with barge
transport, is 1444,75 kg/TEU-km using see and
land legs together. They are presented in Table 2.
The operator MSK using Asia - Europe Service AE20 and Greece Link Service - L51 service on the
first-leg arc reach to the gateway port, Thessaloniki
port, and continues on the second-leg arc with rail
to the final destination Belgrade.

These results observing two criteria at the
same time (transport costs and carbon dioxide
emissions) are presented in Figs. 7 (Scenario 5,
[11]). In the first iteration, the criterion was
weighted evenly, while in the second it was shown
the most favorable solution. The obtained transportation route Shanghai-Constance-Belgrade also
shows the required output data: 1590 € and 1405,91
kg CO2 / TEU.
But, the results observing two criteria simultaneously (transit time and carbon dioxide emission)
are shown in Figs. 8 (Scenario 6, [11]). In the first
iteration, a uniform weighting of the criteria was
performed, while in the second it was shown the
best solution. EVERGREEN is the best solution.
The
obtained
Shanghai-Piraeus-ThessalonikiBelgrade transport route (the GTS route, from Piraeus to Thessaloniki is shown in Fig. 9) also provides the required output data: 29 days and 1596.7
kgCO2 / TEU.
And the results, which consider three criteria
simultaneously (transport costs, transit times of
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MSK
1
AE20 / L51
Shanghai – Ningbo – Yantian –Nansha – Tanjung Pelepas – Port Kelang – Jeddah – Port
Said / Port Said – Piraeus – Thessaloniki
Thessaloniki
Rail
Belgrade
1444,75 kg / TEU–km
16096 km

Similar research by [13] presents an energy
and environmental network analysis model to explore tradeoffs associated with freight transport.
The geospatial model uses an intermodal network
built by the authors to connect various modes (rail,
road, water) via intermodal terminals. Routes along
the network are characterized not only by temporal
and distance attributes, but also by cost, energy, and
emissions attributes (including emissions of carbon
dioxide, particulate matter, sulfur oxides, volatile
organic compounds, and oxides of nitrogen). Examines the relationship between the freight transport
costs and the carbon dioxide emissions in given
intermodal and truck-only freight networks [14].
Six UK ports are selected by [15] for the analysis.
Through an origin-destination analysis, the cost and
CO2 emissions impacts of UK port trade patterns
are compared using the actual situation against
three scenarios. The research found that transporting containers from Felixstowe and Southampton to
the northern regions by rail has the lowest CO2
emissions impact, and is the most feasible option,
although constraints exist in terms of infrastructure
provision, water depth and rail network capacity.
The changes in carbon dioxide emissions were
analyzed by [16]. An activity-based emissions
model is used to estimate the CO2 emissions of
container transport under four scenarios where there
are switches of market share from existing ports to
the emerging port. The results show that there are
greater reductions in CO2 when transshipment
routes are changed from the ports of Kaohsiung,
Taichung and Keelung to the emerging port of
Taipei. In [17] studies they analyzed impacts of dry
ports in a Finnish context and observed level of
CO2 emissions and costs. In the [18] described an
intermodal transportation problem of international
container cargoes while incorporating the external
costs of the modes into an optimization model in
South Korea. The objective of the problem is to
minimize the total logistic costs, that is, shipping
and land transportation costs, as well as external
costs such as air pollutants (particulate matter,
nitrogen oxide, sulfur dioxide, and volatile organic
compounds) and greenhouse gases (carbon dioxide). The results of the model show a strong foundation for encouraging more environmentally

friendly modes, such as SSS and rail, and a wellbalanced modal shift if transport policy is formulated in this direction.
The contribution of this paper shows that the
experimental results are not only a scientific, since
it can be applied in practice. Moreover we tested
different scenarios, with a real input data and four
hypothetical view. The application of the model is
simple. It is recommended to managers who made a
policy of the company, in order to improve their
businesses following the constant changes in the
market and making reliable comparisons.


#!!

Emission of carbon dioxide as one of the gases
most influencing greenhouse gas and climate
change, one of the biggest challenges facing our
generation, can no longer be ignored when planning
supply chains: on the one hand, because companies
have a moral obligation to they operate in a sustainable way and, on the other hand, as customers become more and more aware of the enormous environmental impact [19].
The main objective of this paper is to search
for the most favorable solution from a range of
permissible solutions in terms of the criterion
adopted, the lowest transport costs and the minimum emission of gases when transporting the container. The developed mathematical model is verified on the example of container transportation
from Shanghai to Belgrade. The developed mathematical model gives us the opportunity to observe
the entire range of solutions, as well as the possibility of ranking them, the selection of which makes a
simple selection of a group of the most favorable
solutions, looking at the same time transport costs
and gas emissions. The model responds to different
customer requirements as some require lower
transport costs, while others are oriented towards
minimization and faster delivery times, taking into
account the increasingly important issue of environmental sustainability by minimizing gas emissions [11].
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The defined mathematical model was implemented as a separate software package in the company Agent Plus in the process of business improvement through continuous monitoring of continuous changes in the market, which also verified
its application in practice.
Further research is needed, because this research is recited only part of the problem. It can be
extended in the future and can be imported with a
lot of new nodes and can be imported with new
objectives such as time and cost of container flow.
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Investments in the Polish market of biomass
consumed an amount exceeding 1 billion EUR of
which loans are at the value of 0,5 billion EUR and
co-financed around 0,5 billion EUR with the assistance of EU funds. Polish agriculture from the sale
of raw materials for biomass production recorded
additional non-production revenues of 100 million
EUR per year. The bulk of operating biomass plants
are located in areas with a high unemployment rate
[6, 8, 10].
To increase the balance of the biomass energy
market, it will be good if we could utilize the growing amount of willow plantation on agriculture
farms. The area of planted willow in Poland is
currently equal to about 2800 hectares. Plantation
of willow is characterized by four times higher
yield per year compare to typical forest growing in
its natural state. On one hectare of willow, the plantation can be achieved 30 to 40 tons of wood chips
per year.
In addition, this plant has low soil quality requirements, low costs of fertilizer and high resistance to climatic conditions, diseases and pests.
Wood and willow material is stored in the form of
wood chips with high moisture content - approximately about 50 percent of dry matter.
Storage of wood chips presents a potential
temperature increase of the material, its decomposition and growth of harmful bacteria, which leads to
losses of dry matter content. In order to avoid wood
dry matter losses during storage, it is important to
learn more about the parameters of the developed
process. Running the relationship between wood
chips moisture content and relative humidity, with
changing of ambient temperature we can predict
and avoid further development of harmful storage
processes. Another important element of this process would be to find and determine the equilibrium
between the moisture content of the material and
relative humidity at a constant temperature. These
data are important from the point of view of process
control storage, drying and biological evaluation of
the calorific value of hygroscopic materials such as
wood, stems and field crops.

It has been presented processes occurring during the storage of wood chips for energetic purposes. As a result of carried out investigations, it was
presented dependences of temperature and relative
humidity changes of the surrounding air on biomass
storage. Modified Henderson equation can be utilized for computer simulation of storing and drying
processes concerning wood chips for energetic
purposes. Modified Henderson equation also reflects very much obtained results from experiments
carried out with the above-mentioned material.
Using a computer simulation program we can simulate different wood chips storing conditions to
avoid overheating and material loss problems.
,*#%&
Energy conservation, wood chips, biomass storage, moisture content, relative humidity

"'%#('#"
The prices of traditional energy fuels are very
high and all indications are that they will continue
to grow. This is due to the limited size of their
decks as well as in many cases the unprofitability of
their extraction. Poland's membership in the European Union imposes certain strategic commitments
on energy planning [1, 2, 3, 4, 5].
The share of renewable energy in Poland's fuel
and energy balance is expected to reach 14 percent
in 2020. Biomass is at the top of the energy mix. It
is obtained from forest waste, wood industry and
greenery from around the households [6].
The share of renewable energy in the fuel and
energy balance in Poland is expected to reach 14
percent by 2020. Biomass occupies a leading position among energy fuels. It is recovered from forest
residues, wood and green backyard. The Polish
sector of the production of biomass for energy is
recovered annually more than 1.8 million tons of
waste from forestry, wood processing, agro-food,
development of green areas [6, 7, 8, 9].
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cesses concerning wood chips for energetic
purposes.
Using a computer simulation program we can
search for different wood chips storing conditions
to avoid overheating and material loss problems.
As a result of the above-described conditions,
the total energy amount of the Polish biomass sector was estimated at 7 million tons/year.
The prices of traditional energy fuels are very
high, and all indications are that it will continue to
grow. This is related to the limited size of their
deposits as well as in many cases the lack of profitability of their production. Polish membership in
the European Union imposes on us certain obligations for strategic planning of energy development.
In Poland, approximately 20,000 people are
employed in the Polish energy industry and in companies cooperating with working further thousands
more. Polish agriculture for sale of raw materials
for biomass production is recording an extra productive income of 400 million PLN annually.
The Polish biomass sector recovers for energy
more than 1.8 million tons of waste from wood
processing, agro-food processing, greenery management, and forestry. Most of the existing biomass
plants are located in areas with high unemployment,
where there are no employment alternatives.
The biomass balance on the energy market is
supplemented by a rapidly growing willow for
energy purposes. The largest willow crops for energy purposes are in Sweden and have about 21000
ha. Table 1 compares the calorific values of different types of energy fuels.
The willow is characterized by four times the
annual increase in wood mass rather than the typical forest growing in the natural state. From one
hectare of plantation can be obtained within 30 to
40 tons of wood pulp. In addition, the plant has low
soil requirements, low fertilization costs and high
resistance to climatic conditions, diseases and pests.
Wood waste and energy willow material are stored
in a finely divided form with high moisture content
- about 50 percent of dry matter.

For a more detailed assessment of the process,
it is necessary to conduct tests on a laboratory scale,
in order to get the appropriate data according to
actual conditions on a real wood chips storage
scale.
Wood chips are a hygroscopic material in a
sense of biological material similar to the seed of
field crops. Therefore, the examination of the balance of important process parameters storage can
take advantage of certain analogies. The research
provided by Henderson [11] led to the development
according to the equilibrium moisture content of
grain and relative humidity of the ambient air,
which was described by mathematical relationships.
For a similar state of equilibrium depending
on wood chips make it possible to build a model of
equilibrium that allows simulating various storage
conditions of wood chips stored for energy purposes. The solution of this task is possible by providing
experiments on a laboratory scale.
The simplest way to solve this problem is
bringing a relatively small amount of air to equilibrium with a relatively large sample of wood chips.
This is the core of the scientific innovation of the
provided study.
During experimental work, it was confirmed
that the recovery time of the absorbent material to
reach equilibrium for the sample moisture content
is equal from 5 to 10 hours. In contrast, at a constant relative humidity of ambient air, and variable
humidity of the sample investigation to obtain equilibrium takes several months.
The relative humidity of the air in the closed
circuit of the experimental measuring apparatus was
calculated by using the dew point temperature and
the temperature of the wood chips sample.
The study shows that the modified Henderson
equation can be used to simulate processes of storing and drying of wood chips, as well it reflects the
results of studies of this material.
In addition, obtained relationships are similar
to those described in other publications of similar
studies by Rao and Pfost and Coleman [12, 13]
relating to the behavior under various environmental conditions of other hygroscopic biological materials.
Besides that concerning detailed experiment
results it shows, that at relative atmospheric humidity of about 90% it is followed by a sharp increase in humidity of stored wood chips.
Modified Henderson equation can be utilized
for computer simulation of storing and drying pro-

!'% &"!'#&
Storage of the particulate mass of wood is associated with the possibility of increasing the temperature of the material, its decomposition, the
development of harmful bacterial strains, resulting
in loss of dry matter. In order to avoid loss of dry
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mass of wood material during storage, it is very
important to know the basic characteristics of process parameters, the relationship between wood
humidity and relative humidity, while changing
ambient temperature. Another important element of
this process would be to find and determine the
equilibrium between the moisture content of the
material and the relative humidity of the air at a
constant ambient temperature.
These data are important for controlling the
storage, drying and calorific value of biological
hygroscopic materials such as wood, field crop
sticks, cereal grains. For a more accurate evaluation
of the process, it is necessary to carry out laboratory-scale tests in order to be able to obtain the appropriate dependencies for the actual conditions.
When analyzing the biological equilibrium of hygroscopic materials and relative humidity [13], it
was found that a change in the air temperature of 10
° C did not significantly affect the development of
equilibrium. On the other hand, studies [14, 15]
taking into account a wider range of temperatures
have shown a clear temperature effect on the material balance and the relative humidity of the surrounding air.
However, Rao and Pfost [12], when investigating the isotherms of the moisture balance of
twenty different seed species cultivated in agriculture found that steady-state equilibrium of relative
humidity with varying sample humidity was more
difficult and required more time than steady-state
equilibrium constant sample and variable values of
air relative humidity.

Shredded wood is a hygroscopic material
similar to field crop seeds in the sense of a hygroscopic state. Consequently, some analogies may be
used when analyzing the state of balance of important parameters of its storage process. The conducted research by Henderson in 1992 [11], has led
to the development of the dependency of the relative humidity of cereal grains and the relative humidity of the surrounding air by the following equation:
I J3K>-' *".
where:
'– grain temperature, oC,
*– grain humidity (decimal value),
I– air relative humidity (decimal value),
 – constant,
" – power exponent depending on grain species.
Developing a similar dependency on the balance of shredded timber would make it possible to
build a state of equilibrium model that would enable computer simulations to be carried out for different storage conditions of energy purposes. The
solution to this problem is possible providing different experiment developments. The simplest way
to do this is to provide an experiment with a fairly
small amount of air in equilibrium with a relatively
large sample of fine pieces of wood chips. The
experimental set to perform such experiments is
shown schematically in Figure 1.
Side view of a complete stand for providing
research of wood chips storage in different surrounding conditions is presented in Figure 2. View
of wood chips sample inside the glass container is
shown in Figure 3.



(% 
&163;3=43K>3@7;3<B/:AB/<24=@B3AB7<5=43?C7:70@7C;;=7ABC@31=<B3<B=4F==2167>A/<2@3:/B7D3
6C;727BH=4AC@@=C<27<5/7@
1 – water container, 2 – glass container, 3 – heat exchanger, 4 – air pump, 5 – dew point temperature sensor, 6 – air
distributor, 7 – wood chips, 8,9,10,11 – sensors, 12 – bottom isolation, 13 – top isolation (own research)
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A sample of spruce wood chips was placed in
a glass container of 0.5 dm3 (2), which is immersed
in an insulated water bath (1) to maintain a constant
temperature. In the same water, a bath is also immersed spiral (3), through which the air is pumped
using a membrane pump (4) with a capacity of 0.88
dm3/min. This spiral acts as a heat exchanger. Spiral air is pumped to the bottom of the glass container in which the sample is located, where, after moving through the mass of the wood chips, it exits the
dew point temperature sensor thus forming a closed
circulation of the displaced mass of the small volume of air.
The following parameters are recorded during
the test: sample temperature, water bath temperature, air temperature under the insulation cover,
dew point temperature and relative humidity of the
air being moved. The time of absorption of the
hygroscopic material to equilibrium in case of constant sample humidity is 5 to 10 hours. However,
with a constant relative humidity of the ambient air
and variable humidity of the sample, the investigation of these two centers to reach equilibrium takes
several months.
A very important element, in this case, is the
accurate preparation of samples with a specific but
different moisture content. The relative humidity of
the air in the closed test loop of the measuring apparatus is calculated using the dew point temperature and sample temperature.

The saturation vapor pressure at the appropriate sample temperature and the appropriate dew
point temperature, given by Lowe [16] study and
can be calculated from the formula
$/=/ '/ ' / ' /'/'/'
where:
$– saturated vapor pressure, Kpa
'– temperature, oC
/=– 6,1077 kPa
/ J4,4365 x 10-1 kPa(oC)-1
/ J1,4289 x 10-2 kPa(oC)-2
/ J2,6550 x 10-4 kPa(oC)-3
/J3,0312 x 10-6 kPa(oC)-4
/J2,0340 x 10-8 kPa(oC)-5
/J6,1368 x 10-11 kPa(oC)-6
The variation of the temperature of the spruce
wood sample with a moisture content of 14.5 percent is shown in Figure 4. Despite the sample temperature change during the experiment, its relative
humidity remained at the same level.
In contrast, figure 5 shows the dependence of
the sample temperature with a moisture content of
14.5 percent on the relative humidity of the ambient
air. The graph shows that as the sample temperature
increases, the relative humidity of the surrounding
air is growing.
The obtained results were compared with the
isotherms plotted using the modified Henderson
equation of the following form
I L J3K>-'!.M
where:
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#" (&#"&

IJair relative humidity, %
!Jdry matter content, %
 – constant parameters of the Henderson equation
'– temperatureoC
It has been shown that the modified Henderson equation can be utilized to simulate the storage
and drying processes of wood chips and it well
reflects the results of this material study as shown
in Figure 6.
From the presented chart we can see, that if air
relative humidity is equal approximately 90%, the
moisture content of chips is rapidly increasing. In
addition, these relationships are similar to those
reported in other similar behavioral studies under
different environmental conditions of other hygroscopic biological materials.

1. To avoid loss of dry matter of wood material during storage, it is very important to know
the basic characteristics of the process parameters,
namely: wood chips moisture content and value of
relative humidity, while changing ambient temperature.
2. From the presented chart we can see that
if the relative humidity of the air is about 90% than
it follows a sharp increase in the moisture content
of wood chips.
3. It has been shown that the modified
Henderson equation can be used to simulate the
storage and drying processes of wood chips, as it
well reflects the results of tests of this material.
4. The development of a modified form of
Henderson equation will allow to build a mathematical model for performing computer simulations
system for different storage conditions of wood
chips which can be utilized for different energy
purposes.
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has become a major problem. Due to the easy hydration of shale formations and low permeability, it is
difficult to form dense mud cake around the wellbore
wall. This leads to the drilling fluid easily invading
the surrounding formation, resulting in the occurrence of wellbore instability [6-12]. Wellbore instability can easily lead to downhole complexities such
as lost circulation, stuck drilling and even well collapse, which seriously slows the development progress and quality of shale gas [13-18]. According to
statistics, wellbore instability is very easy to occur in
the shale formations. It is not enough to achieve
chemical control of shale hydration by adding strong
inhibitors to the drilling fluid. The sealing performance of shale can also contribute to preventing the
pressure transmission caused by drilling fluid intrusion into the formation, thus achieving the purpose
of maintaining the borehole wall [19-22]. The nanoblocking agent developed in this paper is nano-dispersed in both water and drilling fluid, which can effectively block the micro-nano pores of shale formation.

 


As shale gas resources become more prominent
in China's energy development plan, the problem of
wellbore stability is one of the thorny issues affecting the development progress. It is necessary to effectively solve the problem of wellbore instability.
To achieve efficient development of high-efficiency
shale gas, the plugging performance of drilling fluid
is an important basis for the stability of the borehole
wall, and the plugging agent is an important agent
that contributes to the good performance of drilling
fluid. The mud shale formation has many microcracks and pores, or even nanoscale pores, making
shale very low permeable. The traditional plugging
agent has a large particle size, which makes it difficult to effectively block the micro-nano-scale pores
in the formation. To solve this issue, a nano-blocking
agent NFD-1 was synthesized in this paper. The experiment shows that the nano-blocking agent is
nano-dispersed in water with a particle size of about
130 nm, which has little effect on the rheology of the
system, and is also blocked by artificial mud cake.
Compared with other nano-blocking agents, the
plugging agent has strong plugging performance.
When the concentration is 3%, the API fluid loss of
the drilling fluid can be reduced from 6.3mL to
3.6mL. The HTHP fluid loss is determined by
13.0mL was reduced to 6.9mL, and the blocking
ability of the micro-nano pore formation was close
to 80% at 5% concentration. At the same time, the
plugging mechanism of the plugging agent was studied, which provided technical support and application direction for efficient plugging of drilling fluid.



     

?7-9&4-5;)34);-9&)3:)5,;-:;-8<&74-5;
Acrylamide is made by Jiangxi Changjiu Biochemical Co., Ltd. 2-acrylamide-2-methyl propane sulfonic acid is made by Shouguang Rongxin New Material Co., Ltd. liquid paraffin, is made by Xinji
Hengyuan Auxiliary Factory. Azobisisoheptonitrile
is made by Shandong Luke Chemical Co., Ltd.
NaOH is made by Sichuan Kelon Chemical Pharmacy Factory.
The equipment includes mixer, electronic balance, six-speed rotary viscometer, high temperature
and high-pressure water loss meter, roller heating
furnace, laser particle size analyzer, environmental
electron scanning microscope.

!9-7)9);&654-;6, (1) Add 100 mL of deionized water to a 500 mL three-necked flask and
mix well. (2) Add 16 g of 2-acrylamide-2-methyl
propane sulfonic acid and 23 g of acrylamide, and
the mixture was stirred at normal temperature for 30
minutes to dissolve. (3) Put it into cooling water,

'&  
Shale gas, drilling fluid plugging agent, nano-blocking
agent, plugging performance, plugging mechanism


    
As an important petroleum resource in the current world energy pattern, many countries have focused on shale gas development [1-5]. In the development process, the problem of borehole instability
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slowly add 16g of 30% NaOH solution for neutralization reaction, control the reaction below 40 °C,
and react for 30min. (4) 50 g of liquid paraffin was
added dropwise at a rate of 5 g/min, and self-emulsification was carried out for 2 h or more after the
dropwise addition. (5) 3 g of the initiator di-tert-butyl peroxide was added, and the temperature was
slowly raised to 60 ° C for 5 h. The viscous milky
white body is obtained as the nano-blocking agent
NFD-1 which is synthesized this time.

  

!)9;&+3-:&A-)5)3B:&: The particle size distribution of the prepared nano-blocking agent NFD-1
was measured by laser particle size analyzer, and the
nano-blocking agent NFD-1 and other blocking
agents (blocking agent WSD, blocking agent NR-1
and micro-nano-blocking agent Fe3O4) were compared. Figure 1 shows the particle size of the four
nano-blockers.
It can be seen from Fig. 1 that the median values of the micro-nano blocking agents NFD-1 and
nano-Fe3O4 are 132 nm and 344 nm, respectively,
which contain a large number of nano-sized particle
size components. The blocking agent NR-1 and the
blocking agent WSD have larger particle sizes,
1.39μm and 1.83μm, respectively, and the nanometer-sized particle size is less. The size of the above
four blocking agents has the sealing shale formation
micro-layer.

 )5)3B:&: The dispersed nano-blocking
agent NFD-1 sample was dropped on the copper
sheet, and after drying, the copper sheet carrying the
sample was placed on the conductive tape on the
sample holder, and then subjected to environmental
electron scanning to observe the dispersed form of
nano-blocking agent NFD-1 (As shown in Fig. 2).
It can be seen from Fig. 2 that the nano-blocking agent NFD-1 exists in the form of particles in
water, wherein the particle size is about 300 nm. This
is a small-scale agglomeration, in which the nanoparticles are well dispersed.

100
80

8

60

6

40

4

20

2
0

0.1

0
10

1







60

4

40

2

20
0.1

Accumulated value/%
Ratio/%


 

Ratio/%

80

6

40



60

4

20

2
0.1

1

0
10

size/%
Particle
 

10



60

6

40

4
20

2
0.1

1

10

size/%

 
!)9;&+3-:&A-,&:;9&*<;&656..6<973<//&5/)/-5;,&:7-9:&65:

44

80

8


Particle



100

12

0

Particle
size/%



0
10

1

0





8

0

14



10

80

6

0

100

12

100

8

 size/%
Particle

14



 



10

10

Accumulated value/%

 


Ratio/%





Ratio/%


12

Accumulated
value/%


14

Accumulated value/%

9&33&5/.3<&,:B:;-479-7)9);&65The agents
are proportioned according to the quality, wherein
the base slurry formula is: 3% Soil slurry + 0.5%
NaOH + 5% PEG + blocking agent + 3% UHIB +
7% KCl + 3% ReduSH + 3% Lubricant +0.8% SP80+ barite. After the system is prepared, it is cured
at normal temperature for 24h. After the curing is
completed, it is divided into two groups. One group
takes appropriate amount of high-speed stirring for 5
minutes and then conducts viscosity and rheology
tests. The other group was aged in a roller furnace at
120 ° C for 16 h, then taken out and cooled to room
temperature, and the above viscosity and rheological
measurement were also carried out after stirring at
high speed for 5 min. The normal temperature and
medium pressure filtration loss (FLAPI) of the unaged and aged drilling fluid system was determined
by using the drilling fluid water loss meter. The high
temperature and high pressure water loss meter was
used to measure the fluid loss (FLHTHP) under the
high temperature and high pressure conditions of the
drilling fluid system [23-26].
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which will help the plugging agent to be easily lost
and improve the sealing efficiency. At the same time,
the plastic viscosity is less than 40 mPa·s, which is
beneficial to pumping.

!3<//&5/7-9.694)5+-;-:; The plugging performance of the nano-blocking agent was evaluated
by means of artificial mud cake. The process of the
artificial mud cake was as follows: (1) 200 ml of
fresh water was added to add 16 g of bentonite and
0.8 g of sodium carbonate. After stirring at 500 r/min
for 2 h, it should settle down for 24 h. (2) 160 g of
API barite 160 g, 1250 mesh calcium carbonate 40
g, and polyacrylamide 2 g were added to 200 ml of
the slurry. (3) The slurry was stirred at a low speed
of 500 r/min for 1 hour, and then stirred at a high
speed of 10,000 r/min for 20 minutes. (4) Pour the
agitated mud into a high temperature and high pressure water loss meter, adjust the pressure at a normal
temperature of 3.5 MPa, and lose water for 30 min.
(5) After dehydration, the mud in the upper part of
the kettle body is poured out, and the lower part of
the kettle body is a mud cake formed after the mud
loses water. The Darcy formula was used to calculate
the permeability of the artificial mud cake before and
after plugging, so as to obtain the sealing efficiency
of the nano-blocking agent NFD-1 on the artificial
mud cake under different loadings.
The permeability of artificial mud cake (As
shown in Fig.3(a)) measured at room temperature is
2mD-4mD, and the permeability of natural shale
core (As shown in Fig.3(b), taken from Weilong Silurian Longmaxi Formation) is 6.853×10-4 mD. The
surface of the artificial mud cake and the surface of
the natural shale core were observed by environmental scanning electron microscopy. The maximum aperture width of both surfaces was similar, both of
which were about 10 μm. However, the number of
holes in the artificial mud cake is much larger than
that on the natural shale surface, which is also the
reason for its large permeability. By comparison, the
artificial mud cake can be used for the performance
evaluation of nanometer-sized plugging agents.

 
6.5)56*36+2&5/)/-5; &5>);-9
 
)56*36+2&5/)/-5; 9-636/&+)3
;-:;9-:<3;:
No
1
2
3

Plastic viscosity
/mPas
34
36
38

Initial shearing
force/Pa
4.3
4.7
4.8

Final shearing
force /Pa
9.2
9.6
10.3


-636/B6.73<//&5/)/-5;: The rheological
properties of the nano-blocking agent were measured using a ZNN-D6B rotary viscometer. First set
the rotary viscometer rotation number to 600r/min,
stir at this speed for 1min, then set the rotation speed
to 3r/min immediately after stopping for 10s, take
the maximum reading of the pointer rotation and
multiply by 0.5 to be the initial shearing force. Set
the rotation speed to 600r/min, stir at this speed for
1min, then set the rotation speed to 3r/min immediately after stopping the placement for 10min, take
the maximum reading of the pointer rotation and
multiply by 0.5 to be the final shearing force. The
rheological performance test of NFD-1 is shown in
Table 1.
According to the change of the initial shearing
force in the table, NFD-1 shows good thixotropy,

    

  

 
9-:<3;:6.;-:<9.)+-6.)9;&.&+&)34<,+)2-)5,5);<9)3:)3-+69-
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=)3<);&656.73<//&5/-..-+;6.5)56*36+2&5/)/-5; ); B
Quantity of Nano NFD-1
blocking agent

Mud cake
thickness/mm

1% concentration

4.4

3% concentration

4.5

5% concentration

3.7

7% concentration

4.9

9% concentration

4.1

Filtration
/mL
25.4
6.9
6.3
24.1
6.5
5.9
19.4
4.3
3.9
25.0
4.0
3.5
22.9
3.4
2.7

Permeability of mud
cake /10-3mD
3.117764
0.852533
0.773913
3.030322
0.811604
0.746273
2.008154
0.446256
0.409068
3.422806
0.541739
0.478810
2.616731
0.391479
0.309063

Decreasing rate of permeability
of mud cake
/
72.65%
75.18%
/
73.22%
75.37%
/
77.78%
79.63%
/
84.17%
86.01%
/
85.03%
88.19%


 
..-+;6.5)56*36+2&5/)/-5; 659-636/&+)37967-9;&-:)5,.3<&,36::6.,9&33&5/.3<&,:B:;-4<5,-9
,&..-9-5;36),&5/:
Quantity
/
0
1
2
3
4
5

Room temperature
AV
PV
/mPas
/mPas
16.0
12.0
17.0
12.5
17.5
13.5
18.5
14.0
19.0
14.5
20.5
15.5

YP
/pa
4.0
4.5
4.5
4.5
4.5
5.0

AV
/mPas
21.0
22.0
24.0
25.5
27.0
30.0

120°C/16h after aging
PV
YP
FLAPI
/pa
/mL
/mPas
16.5
4.5
6.3
18.0
4.0
4.7
20.0
4.0
4.1
21.0
4.5
3.6
22.0
5.0
3.4
25.0
5.0
3.3

FLHTHP
/mL
13.0
10.8
9.0
6.9
6.7
6.5

were investigated. The sealing performance of the
nano-blocking agent NFD-1 was evaluated by comparing the experimental data.

 -;-94&5);&656.!.3<&,36:: Add 3%
concentration of nano-blocking agent NFD-1, plugging agent WSD, plugging agent NR-1 and micronano plugging agent Fe3O4 to the prepared base
slurry, and determine the basis of four groups of experiments at room temperature. The slurry loss was
obtained, and the results are shown in Table 4.
It can be seen from the data in Table 4 that the
addition of these four plugging materials to the drilling fluid can effectively reduce the static fluid loss
of the drilling fluid, but the plugging agents WSD,
micro-nano Fe3O4 and NR-1 have a viscosity-increasing effect on the base slurry. In particular, the
blocking agent NR-1 has the most obvious effect on
the viscosity of the base pulp. The addition of micronano-blocking agent NFD-1 to the base slurry can
reduce the API fluid loss from 5 mL to 3.3 mL. From
the data in Table 4, it can also be found that the micro-nano plugging agent NFD-1 also has a certain
viscosity reduction. effect.

Table 2 shows the plugging effect of nanoblocking agent NFD-1 at 25 °C. The results show
that the nano-blocking agent NFD-1 has a good
blocking agent effect, and the addition of 1% of the
blocking agent can reduce the permeability by more
than 70%. When the amount exceeds 5%, the rate of
decrease in permeability is close to 80%. When the
addition amount is 9%, the permeability of the test
when the mud cake is sealed can reach 0.309063
×10-3 mD, which is 88.19% lower than the
2.631731×10-3 mD before the plugging.
9&33&5/.3<&,7-9.694)5+-;-:; The rheological properties and filtration loss of the nano-blocking agent NFD-1 before and after aging of the drilling fluid system were investigated. The results are
shown in Table 3.
It can be seen from Table 3 that the apparent
viscosity of the system is positively correlated with
the plastic viscosity, and the dynamic shearing force
of the system is less affected by the amount of plugging agent, and there is no such phenomenon as flocculation and delamination. After aging, the FLAPI and
FLHTHP decreases as the increase amount of the
agent. When the quantity was 3%, the FLAPI and
FLHTHP were 3.6mL and 6.9 mL, respectively, which
was similar to the filtration loss under the larger addition, indicating that the nano-blocking agent NFD1 has excellent water loss and wall building. Next,
the plugging conditions of the drilling fluid system
under the same amount of the four plugging agents

 -;-94&5);&656. !.3<&,36::Using
the GGS42-2 high temperature and high pressure
water loss meter (Fig. 4), the HTHP fluid loss after
the aging of the base slurry (aging condition: 120 °C
× 16 h) after adding different plugging agents was
measured.
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..-+;6.73<//&5/)/-5;659-636/B)5,.3<&,36::6.,9&33&5/.3<&,
Formula
Base slurry
Base slurry +3NFD-1
Base slurry +3NR-1
Base slurry +3WSD
Base slurry +3Fe3O4



AV (mPas)
55
43
87.5
67.5
69

PV (mPas)
42
32
61
51
52

YP (Pa)
13
11
26.5
16.5
17

G10′/10″ (Pa/Pa)
3/18
1.5/6.5
9/30
5/25
5/18.5

 
 &/;-47-9);<9-)5,&/79-::<9->);-936::4-;-9
 
! .3<&,36::6.,&..-9-5;73<//&5/)/-5;:

Formula
Base slurry
Base slurry+3NFD-1
Base slurry+3NR-1
Base slurry+3WSD
Base slurry+3Fe3O4

FLAPI (mL)
5
3.3
5.4
6.1
5.1

FLHTHP
(mL)
12.0
6.4
8.2
8.8
7.6

Mud cake thickness
(mm)
5
2
3
3
4

After the slurry was cooled, the base slurry was
poured out and the same amount of fresh water was
added, and the water loss amount of the clean water
was measured under the same conditions. The results
are shown in Table 5.
From the data in Table 5, it can be found that
adding the same quantity of four kinds of plugging
agents in the base slurry can reduce the water loss of
the base pulp HTHP, and can improve the quality of
the base mud cake. Under high temperature and high
pressure, the micro-nano plugging agent NFD-1 has
the best performance on reducing the filtration. The
fluid loss was 6.4 mL, and the mud cake was the
thinnest and tough, and the thickness of the mud cake
was about 2 mm.

Filtration
(mL)
6.4
3.5
4.7
5.6
4.3


(10-3mD)
1.310
0.477
0.787
1.000
1.240

luminescent bacteria method. It is non-toxic when
the EC50 value is > 25000 mg/L. The results of the
biotoxicity test of the four drilling fluids are shown
in Table 7.


&6+-4&+)3;6?&+&;B/9),&5/:;)5,)9,:.69
6&3.&-3,+-4&+)3:)5,,9&33&5/.3<&,:
Biological toxicity
Very high-toxic
High-toxic
Medium-toxic
Micro-toxic
Non-toxic

Luminescent bacteriaEC50 (mg/L)
1
1-100
101-1000
1001-25000
>25000


&6;6?&+&;B;-:;9-:<3;:6.;9--,9&33&5/.3<&,:

5=&9654-5;)37-9.694)5+-;-:;At present,
the commonly used biological toxicity detection
method for drilling fluids is the luminescent bacteria
method, which reflects the biological toxicity of the
drilling fluid by the number of toxic bacteria in the
luminosity of 50%. Table 6 is the classification criteria for oilfield chemical agents and drilling fluid
biological toxicity specified in the Q/SY111-2007
oilfield chemical agent, drilling fluid biological toxicity classification and detection method

No
1
2
3
4

Drilling fluid
plugging agent
NR-1
Fe3O4
WSD
NFD-1

EC50/
mgL-1
17500
19400
996
29500

Toxicity
level
Micro-toxic
Micro-toxic
Medium-toxic
Non-toxic

The experimental results show that the nanoblocking agent NFD-1 is non-toxic, environmentally
friendly and meets environmental protection requirements.
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9-:<3;:*-.69-)5,).;-94<,+)2-:-)3&5/

5)3B:&: 6.;- 73<//&5/4-+)5&:4 NanoNFD-1 belongs to the paraffin emulsion type plugging agent. The plugging effect mainly relies on the
adhesion and accumulation of waxy particles on the
surface to form the plugging layer. As shown in Fig.
5, we could observe the change of the surface of the
mud cake before and after the macroscopic plugging.
The agent NFD-1 can form a white dense waxy plugging layer on the surface of the mud cake. The blocking agent NFD-1 can dissociate a negatively charged
polymer compound in water. On the one hand, it can
adsorb on the surface of the clay to form an adsorption layer to prevent the flocculation of the clay particles from becoming larger. On the other hand, the
fine particles dispersed during the circulation of the
drilling fluid can be adsorbed to achieve the purpose
of stabilization and make it no longer sticky into
large particles. This process ensures a high proportion of fine particles in the liquid, so that the drilling
fluid can form a dense and thin mud cake and improve the sealing efficiency (Fig.6).

(2) By comparing with other typical nanoblocking agents, it can be found that the nano-blocking agent NFD-1 has excellent sealing ability. Meanwhile, it has no pollution to the environment and
meets environmental protection requirements.
(3) The plugging effect of the novel nanoblocking agent NFD-1 mainly relies on the adhesion
of waxy particles on the surface to form a white
waxy plugging layer. It prevents the surrounding liquid phase from invading the formation along the
hole. It can effectively maintain wellbore stability,
reduce downhole safety accidents and improve oil
and gas drilling and production efficiency.
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freeze-thaw cycles especially during the frosty
periods [2]. Freeze-thaw process accelerates the
mineralization of organic nitrogen and consequently increases the ammonium and nitrate concentrations. So inorganic N in the soils increased after
cycles of freezing thawing [3]. The freeze-thaw
process increased the exchangeable ammonia
amounts, but decreased the exchangeable potassium
amounts. Freepaz et al [4] reported that a single
freeze-thaw cycle reduced the microbial nitrogen
contents but increased organic nitrogen levels.
Freeze-thaw process regulates the availability of
nitrogen and phosphorus and increasing number of
cycles also increases soil mineralization Researchers also found that the freeze-thaw process increased the ammonium formation in the soil and
reported increased total dissolved nitrogen and
phosphorus. The present study was carry out to
determine the effects of freeze-thaw process on soil
available nitrogen amounts (NH4 and NO3) based
on soil properties.


  

*6(5.47.32 3+ 7-* 6.7* &2) 1&7*5.&0= The
present study was carried out with soils of 18802030 m altitudes of Turkey. The mean annual temperature, precipitation, evapotranspiration and relative humidity of the region are 6.3°C, 398 mm,
1060 mm and 64%, respectively. The mean (60years average) air temperatures were 0.8, −5.9,
−9.1, −7.8, 2.5, 5.4 and 10.5°C in between November and May, respectively. Soil temperatures at 5
and 10 cm depth were respectively 2.3 and 2.5°C in
November, −5.8 and −5.4°C in December, −10.6
and −10.5°C in January, −8.6 and −8.6°C in February, 1.8 and 1.2°C in March, 8.6 and 8.1°C in April,
12.6 and 12.1°C in May. On average, snow remains
over the ground for 94 days and the region has 124
rainy days per year. According to FAO, the soils
are classified as  ( ),  (),
 (),  ( ) and    (). 

Turkey has diverse climate zones and therefore, number of the freeze-thaw process (FTCS)
varies from one region to another. The number is
increasing especially in high shear and cold regions
and such cycles have significant impacts on available nutrients for plants. The present study was carry
out with 5 major soil groups ( , ,
,  and   ) under field conditions to determine the effects of repeated freezethaw processes on available nitrogen (ammonium
and nitrate) (NH4-N and NO3-N) levels of the soils.
Five different nitrogen doses (0, 100, 200, 300 and
400 mg kg-1) were applied to 5 major soil groups in
three replications. While the first freeze-thaw process usually increased the ammonium and nitrate
nitrogen, the second and further freeze-thaw processes usually reduced available N contents of soils
for plants. Current findings revealed that available
NH4-N and NO3-N levels greatly depended on
number of freeze-thaw cycles and increasing number of cycles decreased available soil nitrogen levels for plants, thus required higher nitrogen fertilizer levels to supply sufficient nitrogen during the
plant-growth periods.


$#
Ammonium, freeze-thaw cycle, nitrate, soil orders

 ! 
Current global warming and subsequent increasing temperatures inhibit freezing process in
soils of some areas and also result in lack of snow
cover over the soil surface and consequently increase the number of freeze-thaw cycles and decrease soil resistance against freezing conditions
[1]. Freezing occurs at subfreezing temperatures of
higher altitudes through various mechanisms within
certain soil layers. Decreasing snow cover with
ongoing global warming increase the number of
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31*(-*1.(&0&2)4-<6.(&04534*57.*63+7-**;4*5.1*27&063.06

7.22
0.37
1.21
0.0060
25.73
2.36
15.24
2.63
0.52
8.25
57.82
23.83
18.35
40.20
285
1.09

pH (1:2.5 s/w)
CaCO3, %
Organic matter, %
Total nitrogen, %
CEC, cmolc kg-1
K, cmolc kg-1
Ca cmolc kg-1
Mg cmolc kg-1
Na cmolc kg-1
P, mg kg-1
Clay, %
Silt, %
Sand, %
Aggregate stability, %
EC, µmhos cm-1
Bulk density g cc-3


7.01
0.44
1.33
0.0052
35.64
2.12
14.22
2.88
0.7
10.67
53.11
23.59
23.30
48.48
260
1.15


7.82
1.15
2.43
0.0122
20.75
3.15
14.1
2.5
1.22
21.25
28.81
50.39
20.80
30.25
470
1.22


7.30
0.98
1.84
0.0092
22.39
2.82
12.14
3.25
0.61
24.27
13.86
32.99
53.15
25.05
425
1.34

  
7.76
25.64
2.19
0.0102
39.56
3.25
20.41
2.89
1.00
12.09
24.69
29.30
46.31
50.48
435
1.19

$
9&.0&'.0.7<3+.;.263.0,53846
Freezethaw
cycles

Soil group

Fertilizer
kg da-1


NH4
mg
kg-1

Initial

3

6

9

0
100
200
300
400
0
100
200
300
400
0
100
200
300
400

8.6 d
37.1 b
24.3 c
46.1 a
49.6 a
11.4 e
47.1 d
52.1 c
75.7 b
92.1 a
34.3 d
51.4 c
94.2 a
88.5 b
89.3 b

0
100
200
300
400
0
100
200
300
400
0
100
200
300
400

19.0 b
12.9 c
17.7 b
20.4 a
22.4 a
33.3 e
51.6 d
64.0 b
58.4 c
84.2 a
12.9 e
16.3 d
25.1 c
46.2 b
62.5 a

Initial

3

6

9

Ava.*
%
5.27
15.8
27.4
14.2
21.9
21.5
21.1
34.7
30.5
36.0
39.9
63.2
37.9
55.2
42.1
38.6

5.20
29.2
16.0
16.5
16.3
13.3
51.0
63.9
59.9
46.7
49.8
19.8
20.2
23.5
37.0
36.9


Ava.**
,
mg
kg-1

NH4
mg kg-1

1.4
10.2
3.5
10.1
10.7
2.4
16.4
15.9
27.2
36.7
21.6
19.5
52.1
37.3
34.5

8.7 e
40.0 d
60.4 c
76.4 b
98.3 a
24.0 e
46.6 d
61.2 c
69.9 b
86.6 a
26.2 c
46.6 a
32.8 b
21.8 d
33.5 b

5.5
2.1
2.9
3.3
3.0
17.0
33.0
38.4
27.3
41.9
2.6
3.3
5.9
17.1
23.1

16.6 e
23.1 d
27.4 c
33.2 b
40.4 a
33.2 d
54.1 c
75.2 b
90.8 a
96.6 a
9.4 e
18.0 d
45.4 c
59.8 b
69.9 a

Ava.*
%
6.27
14.8
30.1
39.2
45.5
45.0
40.7
35.0
39.6
41.6
39.7
44.4
35.0
21.2
13.0
15.3
  
9.53
28.0
24.2
18.5
18.0
19.5
56.1
56.8
50.8
49.4
46.7
15.9
18.9
30.7
32.5
33.8


Ava.
**,
mg
kg-1

NH4
mg kg1

Ava.*
%

21.7 e
30.6 d
42.1 c
52.3 b
60.4 a
12.2 d
19.7 c
20.4 c
38.7 b
46.0 a
17.0 e
26.5 d
31.9 c
33.9 b
40.7 a

42.7
39.8
44.6
41.9
41.0
24.0
25.7
21.6
31.0
31.3
33.3
34.5
33.8
27.2
27.7

Ava. **,
mg
kg-1
8.53

1.3
12.0
23.7
34.7
44.2
9.8
16.3
24.2
29.0
34.4
11.6
16.3
7.0
2.8
5.1

9.3
12.2
18.8
21.9
24.8
2.9
5.1
4.4
12.0
14.4
5.7
9.1
10.8
9.2
11.3

4.7
5.6
5.1
6.0
7.9
18.6
30.7
38.2
44.9
45.1
1.5
3.4
13.9
19.5
23.6

* – % of supplemented fertilizer passed to available form with freeze-thaw cycles,
** – the amount of fertilizer able to be taken by plant

3.0 &2&0<6.6= The soil samples were taken
from 0–20 cm depth and some physical and chemical analyses were performed to determine the initial
soil properties. Cation exchange capacity (CEC)
was determined by using sodium acetate (buffered

at pH 8.2) and ammonium acetate (buffered at pH
7.0) according to Sumner and Miller [5]. The
Kjeldahl method [6] was used to determine organic
N while plant-available P was determined by using
the sodium bicarbonate method of Olsen et al. [7].

52

"!

 #  



    


! 

++*(763++5**=*;7-&:453(*663263.0&9&.0;
&'0* &1132.81 (327*27 &2) &)63547.32;
)*63547.32 0*9*06 3+ 63.06= Considering the effects
of the freeze-thaw processes on soil ammonium
contents under field conditions, significant variations were observed in soil ammonium contents (
< 0.01) with fertilizer levels and freeze-thaw processes. Significant changes were also observed in
available ammonium levels of soil groups exposed
to 3, 6 and 9 freeze-thaw cycles with different ammonium doses and ammonium availability levels of
soil groups increased at 6 freeze-thaw cycles. While
the highest soil available ammonium contents were
generally observed in 6 cycles, the least levels were
observed in 3 cycles (Table 2).
Although varied based on soil groups, supplemented N levels had positive impacts on ammonium amounts passed to soil solution with freezethaw cycles until certain implementation levels, but
beyond those levels, significant portion of supplemented nitrogenous fertilizers was absorbed based
on frequency of freeze-thaw cycles. Considering
the amount of NH4 passed to soil solution through
adsorption (Figures 1 and 2), amount of NH4 in soil
solution of  soil order in 126 mg kg-1 NH4
treatment was 24 mg kg-1; the value was observed
as 41 mg kg-1 in 48 mg kg-1 NH4 treatment of 
 soil order; as 45 mg kg-1 in 50 mg kg-1 NH4
treatment of  soil order; as 45 mg kg-1 in 53
mg kg-1 NH4 treatment of  soil order; as 45
mg kg-1 in 51 mg kg-1 NH4 treatment of   
soil order. Beyond these doses, effects of freezethaw cycles were more distinctive with increasing
NH4 treatments and increasing number of cycles
increased the NH4 fixation capacities of the soils.
Optimum NH4-N doses were calculated considering
the amount of NH4-N passed to soil solution with
NH4-N treatments and the value was calculated as
218 mg kg-1 for  soil order, 222 mg kg-1 for
 soil order; 268 mg kg-1 for  soil
order; 230 mg kg-1 NH4-N for    soil order.
Beyond these doses, NH4-N treatments increased
the amount of NH4-N held by or fixated into soils.
Adsorption-desorption tests at different number of
freeze-thaw cycles (3, 6 and 9) and different nitrogenous fertilizer doses (0, 100, 200, 300 and 400 mg
kg-1) revealed a quadratic relationship for the
amount of ammonium in soil solution and amount
of ammonium passed to soil solution increased with
increasing nitrogen doses. However in this relationship, amount of ammonium passed to soil solution
decreased with increasing number of freeze-thaw
cycles. Amount of adsorbed and desorbed NH4-N
decreased at the end of 9 cycles (Figures. 1-2).

Electrical conductivity (EC) was measured in saturation extracts according to Rhoades [8]. Soil pH
was determined in 1:2 extracts and calcium carbonate concentrations were determined according
to McLean [9]. Soil organic matter was determined
using the Smith-Weldon method according to Nelson and Sommers [10]. Ammonium acetate buffered at pH 7 [11] was used to determine exchangeable cations. After extraction, the P, K, Ca, Mg, and
Na contents were determined using an inductively
coupled plasma spectrophotometer (Perkin-Elmer,
Optima 2100 DV, ICP/OES, Shelton, CT 064844794, USA). The analysis results for soil physical
and chemical properties are provided in Table 1.

5**=* &2) 7-&: *;4*5.1*276= Field studies
were conducted with  ( ), 
(),  (),  ( ) and   
() major soil groups in 16 plots in fully randomized block design with 4 N doses (0, 100, 200, 300
and 400 mg kg-1 N) and 4 replications. Each N dose
was applied at the beginning of November and
incorporated into 0–20 cm soil profile. Plots were
1.5 × 4 m in size and the plant-available soil moisture content was 105.3 mm m-1. Soil moisture contents of the plots were brought to field capacity at
the beginning of freeze-thaw cycles. The mean (2
years average) air temperatures were −10.3, −16.2,
−18.4, −8.2, −2.0, 3.4 and 6.2°C between November and May, respectively. Soil temperatures at 5
and 10 cm depths respectively were −2.8 and
−1.0°C in November, −8.4 and −6.3°C in December, −13.8 and −11.2°C in January, −9.3 and
−8.0°C in February, 1.0 and 1.6°C in March, 2.5
and 2.2°C in April, 5.2 and 4.8°C in May and soil
moistures at 10 cm depth were 90.15, 102.10,
97.23, 100.30, 122.10, 110.13 and 103.18 mm m-1
between November and May, respectively.

)63547.32;)*63547.32 .637-*516= Ammonium and nitrogen sorption isotherms of the pretrial soil samples were determined in triplicates
[12]. The corresponding sorption isotherms for each
element were quantitatively described by parameters through fitting the experimental data to Langmuir and Freundlich isotherms.

7&7.67.(&0 &2&0<6.6= The laboratory and field
experiments had a randomized complete block
design with four replications in the field comprised
of soil types (5) and nitrogen doses (5). Analysis of
variance (ANOVA) was used to determine the
effects of soil type, nitrogen doses and freeze-thaw
treatments on NO3 and NH4 adsorption-desorption.
Duncan’s multiple comparison test procedure was
used to compare the treatment means and regression analysis was used to assess the effects of
treatments.
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.;0*9*064&66*)7363.063087.327-538,-&)63547.3282)*5+.*0)(32).7.326


++*(76 3+ +5**=*;7-&: 453(*66*6 32 &9&.0&;
with fertilizer doses and number of cycles (p <
'0* 2.75&7* (327*276 &2) &)63547.32;)*63547.32
0.01). Significant changes were observed in nitrate
0*9*06 3+ 63.06= Considering the effects of freezeavailability levels of soils exposed to 3, 6 and 9
thaw cycles on nitrate contents of soils, significant
cycles with fertilizer doses. Increasing number of
variations were observed in soil nitrate contents
freeze-thaw cycles yielded different nitrate availa-
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bility levels in different soil orders. While increasing nitrate availability levels were observed in 
 soil order with number of cycles, generally

decreases were observed in available nitrate levels
of , ,  and    soil
orders (Table 3).
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treatment of  soil order; as 54 mg kg-1 in 52
mg kg-1 NO3-N treatment of    soil order.
Beyond these doses, effects of freeze-thaw cycles
were more distinctive with increasing NO3-N
treatments and increasing number of cycles increased the NO3-N fixation capacities of the soils
(Figures 3-4). Optimum NO3-N doses were calculated considering the amount of NO3-N passed to
soil solution with NO3-N treatments and the value
was calculated as 213 mg kg-1 for  soil
order; as 192 mg kg-1 (38 kg N da-1) for 
soil order; 215 mg kg-1 for  soil order; as
204 mg kg-1 (41 kg N da-1) for  soil order;
as 186 mg kg-1 NO3-N for    soil order. Beyond these doses, NO3-N treatments increased the
amount of NO3-N held by the soils (Figures 3-4).

Nitrate adsorption capacities of soil orders exposed to freeze-thaw cycles under field conditions
and 0, 20, 40, 60 and 80 kg N da-1 nitrogen doses
were assessed at the beginning and end of freezethaw cycles and were tried to be expressed for different soil orders (Figures 3-4). N supplementations
had positive impacts on amount of NO3-N passed to
soil solution through freeze-thaw cycles until certain levels. However beyond these levels, significant portion of supplemented nitrogenous fertilizers
adsorbed based on frequency of freeze-thaw cycles.
Amount of NO3-N passed to soil solution was observed as 24 mg kg-1 in 60 mg kg-1 NO3-N treatment of  soil order; as 28 mg kg-1 in 68 mg
kg-1 NO3-N treatment of  soil order; as
48 mg kg-1 in 52 mg kg-1 NO3-N treatment of 
 soil order; as 62 mg kg-1 in 50 mg kg-1 NO3-N
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Freeze-thaw
cycles

Fertilizer
kg da-1

Soil group



NH4 mg
kg-1

Ava.*
%

Ava.
**,
mg
kg-1

NH4 mg
kg-1

Ava.*
%

7.17
8.50
29.0
4.4
15.1 e
25.6
39.3
11.1
46.1 d
45.5
22.5
4.9
49.1 c
43.3
3
32.7
11.8
54.4 b
41.9
29.1
13.5
58.2 a
41.8
21.7
2.5
20.4 c
34.6
23.0
3.8
27.2 b
26.9
6
14.2
1.9
28.7 b
25.3
27.2
8.2
28.0 b
21.5
17.0
4.6
36.3 a
26.1
49.3
12.7
23.4 d
39.7
37.7
10.3
28.0 c
27.6
63.2
38.2
35.5 b
31.3
9
40.1
17.9
47.6 a
36.6
53.9
46.5
44.6 a
32.1

  
Initial
6.27
10.47
0
29.3 d
36.4
10.6
18.0 d
25.2
100
41.2 c
42.8
17.6
40.6 c
43.0
200
54.5 b
48.2
26.3
71.8 b
57.4
3
300
53.2 b
49.4
26.3
75.8 a
50.0
400
56.5 a
45.5
25.7
70.5 b
44.5
0
33.3 c
41.3
13.7
41.2 a
57.9
100
37.9 b
39.3
14.9
40.6 a
43.0
6
200
35.9 b
31.8
11.4
29.3 b
23.4
300
35.2 b
32.7
11.5
23.3 c
15.4
400
38.6 a
31.0
12.0
27.9 b
17.6
0
18.0 d
22.3
4.0
12.0 d
16.8
100
17.3 c
17.9
3.1
13.3 d
14.1
9
200
22.6 b
20.0
4.5
23.9 c
19.1
300
19.3 c
17.9
3.5
52.5 b
34.6
400
29.3 a
23.5
6.9
59.9 a
37.8
* – % of supplemented fertilizer passed to available form with freeze-thaw cycles,
** – the amount of fertilizer able to be taken by plant


Ava.
**,
mg
kg-1

NH4 mg
kg-1

Ava.*
%

3.9
21.0
21.3
22.8
24.4
7.1
7.3
7.3
6.0
9.5
9.3
7.7
11.1
17.4
14.3

30.9 e
33.5 d
36.1 c
40.6 b
48.9 a
13.5 e
23.2 d
27.0 c
75.3 a
50.2 b
21.3 c
22.5 c
31.6 b
19.3 d
50.2 a

10.00
47.1
42.3
38.1
30.0
32.8
20.6
29.3
28.6
55.7
33.6
32.4
28.5
33.3
14.3
33.6

Initial

0
100
200
300
400
0
100
200
300
400
0
100
200
300
400

15.1 e
28.4 c
21.5 d
36.3 b
46.5 a
11.3 c
16.6 b
13.6 c
30.2 a
27.2 a
25.7 d
27.2 d
60.5 b
44.6 c
86.2 a

56

4.5
17.4
41.3
37.9
31.4
23.9
17.4
6.8
3.6
4.9
2.0
1.9
4.6
18.2
22.6

Ava.**,
mg
kg-1
14.5
14.2
13.7
12.2
16.0
2.8
6.8
7.7
42.0
16.9
6.9
6.4
10.5
2.8
16.9
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similar to findings of previous studies [15]. The
present results revealed that freeze-thaw processes
had significant impacts on soil nitrogen adsorption
and desorption capacities. Previous studies also
reported significant increases in adsorption capacities but decreases in desorption capacities with
increasing number of freeze-thaw cycles [21].
Amount of nitrogen passed to soil solution or
adsorbed-desorbed amount of nitrogen may decrease or increase based on microbial activity, supplemented fertilizer, organic matter content and
root secretions [22]. Beside N sorption, freeze-thaw
processes affect all these characteristics.
In the present study carried out under field
conditions, significant variations were observed in
NH4 and NO3-N contents of 5 different large soil
groups with different soil characteristics with the
supplemented nitrogenous fertilizer doses.
Current global warming trends increased the
number of freeze-thaw cycles and negative cases
like insufficient or less snow covers resulted in
significant decreases in available nitrogen levels of
the soils.
The present study was carried out for two
years and increasing number of freeze-thaw cycles
decreased the available nitrogen levels and increased adsorbed and fixated amount of nitrogen.
Together with organic matter contents, improvements in some physical and chemical soil characteristics may diminish the negative impacts of freezethaw processes on available nitrogen contents of
soils.

The present study was conducted for two years
to investigate the effects of freeze-thaw processes
on available nitrogen contents of 5 large soil orders.
Results revealed significant decreases in NO3-N
and NH4-N contents of soils with increasing number of free-thaw cycles. Previous studies also reported similar findings. Urakawa et al. [13] indicated that increasing freeze-thaw frequency effected
form transformation of nitrogen and such a case had
remarkable impacts on soil fertility when it happened especially during the development period.
Freeze-thaw cycles are usually observed in soils
with slight snow cover [14]. Frequent freeze-thaw
processes leads to the death of bacteria required for
the mineralization of soil organic matter or for the
conversion of total nitrogen into NH4 and NO3
nitrogen [3]. As a result of death or inactivity of
soil microorganisms, significant decreases are observed in available portions of plant nutrients in
soils. In the present study, significant decreases
were observed in available nitrogen contents with
increasing number of freeze-thaw cycles (9 times)
and such results were similar to the findings of
Zhou et al. [3].
Aggregate disintegration speeds up with the
increase in frequency of freeze-thaw cycles and
resultant compaction in plant root regions results in
death of healthy roots [15, 16, 17]. Death of roots
and other similar unfavourable conditions decrease
the availability of nutrients and mineralization of
soil organic material [18] and increase unavailable
forms or fixated nutrients in soils [3, 19]. In the
present study, amount of fixated NH4 and NO3-N
increased but available portions decreased with
increasing number of freeze-thaw cycles. In frozen
soils, thawing temperatures activate the microorganisms, which are able to transform into spore
forms and not died at freezing temperatures,
through the secretions released from the died bacteria and ultimately speed up the conversion of soil
nitrogen into inorganic form. However, increasing
freeze-thaw frequencies negatively affect the case
and decrease the soil microorganism activity to a
level much slower than the initial levels [20].
In soil frozen under lower temperatures, reduced microorganism activity may not play a significant role in the amount of available nitrogen not
originated from organic material. Amount of applied nitrogenous fertilizers may increase the available nitrogen levels of soils [4]. Since soil aggregate stability is spoiled up with freeze-thaw processes, the NH4-N hold by soil colloids is freed and
consequently available N contents increase. In the
present study, while an increase was observed in
available NH4 and NO3-N levels based on soil characteristics and applied fertilizer with 6 freeze-thaw
cycles, available NH4 and NO3-N levels decreased
with 9 freeze-thaw cycles and such results were
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ture, especially texture and aggregate stability [3, 4,
5, 6, 7, 8]
Peltovuori and Soinne [9] reported that freezethaw cycles destroyed organomineral complexes
and consequently freed organic compounds and
newly formed surfaces resulting in absorption of
nutrients in soil solution. Researchers indicated the
significance of freeze-thaw cycles in nutrient availability especially in soils with high organic matter
and clay content. Direct chemical effects of freeze–
thaw cycles such as precipitation reactions combined with changes in microbial activity linked to
physical changes in soil structure may decrease
nutrient availability [10, 11]. Freeze-thaw cycles
have significant effects also on soil chemical reactions, nutrient availability and transport [12]). Such
cycles generally increase ammonium and nitrate
concentrations and speed up mineralization of organic nitrogen [13]. Hinman [14] pointed out that
freeze-thaw cycles increased exchangeable ammonium levels but decreased exchangeable potassium
levels. Additional substrates can be produced from
fragmented aggregates through the physical processes of freezing [15, 16, 17]. Herrman and Witter
[17] reported that dissolved substances could easily
be transferred to available portions with freezethaw cycles and 65% of carbon manifestation was
realized with microbial mass.
The present study was conducted to determine
the effects of freezing duration, number of freezethaw cycles, and freezing temperatures on available
Fe contents and to compare the effects of excessive
number of cycles on Fe levels based on soil characteristics.

Frequency and efficiency of freeze-thaw cycles (FTTCs - freezing and thawing treated cycles)
are increasing over soils of cold regions or high
altitudes as a natural outcome of global warming.
Such cases result in significant changes in available
macro and micro nutrient contents of soils. Very
little information is available about the effects
freeze-thaw cycles have on the availability of soil
micronutrients. Therefore, the present study was
conducted to determine the effects of frequency of
freeze-thaw cycles on available micro nutrient
contents of Pellustert, Argiustoll, Haplustept,
Fluvaquent and Calciorthid large soil orders of
Northern Turkey. Results revealed significant effects of freeze-thaw cycles on available micro nutrient contents of soils mostly based on soil characteristics. The highest Fe content was observed in
step 3 of Pellustert soil order (Step 3; each soil was
kept at -10, -15, and -20 °C for a month, at -10 °C
for 15 days, -5 °C for 15 days, 0 °C for 15 days,
then thawed at +2.5, +5, +7.5 and 10.0 °C for 18
hours. This freeze-thaw cycle was repeated 3, 6,
and 9 times). It was concluded that the effects of
freeze-thaw cycles on Fe availability varied mainly
based on soil characteristics and increased frequency of freeze-thaw cycles increased Fe-fixation to
soil.


4'&!"
Freeze-thaw cycle, micro nutrient availability, soil orders,
soil temperature
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As a natural outcome of global warming,
freeze durations in cold regions and high altitudes
are prolonged and consequently the frequency of
freeze-thaw cycles (FTTCs) increased [1, 2]. Previous researches clearly indicated the impact of such
cycles on soil nutrient contents and physical struc-

The research was carried out with Fluvaquent,
Argiustoll, Pellustert, Calciorthid and Haplustept
large soil orders classified and representing Entisol,
Mollisol, Vertisol, Ardisol and Inceptisol soil orders.
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Soil sampling was performed from the 0-10
)*69);69B -?7-9&4-5;: Experiments were
cm soil layer every 15 days and soil moisture conconducted with the soil samples taken from the 0tent and temperature were measured.
20 cm layer of fluvaquent, argiustoll, pellustert,

calciorthid and haplustept large soil orders. Before
"6&3 )5)3B:&: Soil samples were taken from
the experiments, soil samples were subjected to
0–10 cm depths to determine chemical and physical
some physical, chemical, and microbiological analproperties. Soil samples were air dried, crushed,
yses. Then, samples were sieved through an 8 mm
and passed through a 2 mm sieve prior to chemical
sieve, stored in 500 g plastic bags, and made ready
analysis. Cation-exchange capacity (CEC) was
for experiments. The samples were subjected to Fe
determined using Na acetate (buffered at pH 8.2)
treatments based on initial Fe contents. Fe was
[18]. Exchangeable cations were determined using
applied in 0 (control), 1, 3, 6 and 9 mg kg-1 doses in
NH4 acetate (buffered at pH 7.0) [19]. The Kjeldahl
the form of FeSO4. Micro element-treated samples
method [20] was used to determine total N content
were brought to field capacity moisture level,
wrapped in stretch films, and exposed to freezeor concentration including organic N while plantthaw cycles. The long-term (60 years) average air
available P was determined by using Na bicartemperature has been reported to be -10, -15, and bonate [21]. Electrical conductivity (EC) was
20 °C for December, January, and February, remeasured in saturation extracts [22]. Soil pH was
spectively; the actual average air temperature
determined in 1:2 extracts and CaCO3 concentraranged between 0-10 °C (+2.5, +5, +7.5, and
tions were determined according to McLean [23].
+10°C) and the average number of hours exposed
Soil organic matter (OM) was determined using the
to the sun and hours of thawing per day, respectiveSmith-Weldon method [24]. A solution of NH4
ly, were 18 h and 6 h for March, April, and May.
acetate buffered at pH 7 [18] was used to determine
Therefore, the laboratory study was conducted in
exchangeable cations. Following the extractions, P,
three steps (Step 1, Step 2, and Step 3).
K, Ca, Mg, and Na concentrations were determined

using an inductively-coupled-plasma spectropho&-3, -?7-9&4-5;: The field experiments
tometer ICP (Perkin-Elmer, Optima 2100 DV,
were conducted by using the major soil orders of
ICP/OES, Shelton, CT 06484-4794, USA). The
Pellustert, Argiustoll, Haplustept, Fluvaquent, and
analysis results of soils are given in Table 1.
Calciorthid. Experiments were conducted in ran
domized complete block design with four replica";);&:;&+)3 5)3B:&: The laboratory and field
tions at the beginning of November. Iron micro
experiments had a randomized complete block
nutrient fertilizer for each soil group was applied
design with three replications in the laboratory and
and mixed in to 0-20 cm of soil profile with field
four replications in the field. Experimental variacultivators. Individual plots were 1.5 x 4 min size.
bles included soil types (5), iron micro nutrient
The available moisture content of the soil was
doses (5), freezing temperature (3), thawing tem105.3 mm m-1. All of the plots were rain-fed in field
perature (4) and number of freeze-thaw cycles (3).
conditions and irrigated in laboratory conditions
Analysis of variance (ANOVA) was used to deterwith tap water (Class C2S1) with an electrical conmine the effects of soil type, iron dose, and freezeductivity of 0.27 dS m-1, a sodium absorption ratio
thaw treatments on Fe availability; Duncan’s multiple comparison test procedure was used to compare
of 0.42, and a pH of 7.6. Soil moisture content of
the means [25].
all plots was increased to the field capacity at the
beginning of freeze-thaw cycles.

# 
"64-+-4&+)37967-9;&-:6.:6&3:
pH
CaCO3
Organic matter
Total Nitrogen
NH4-N
NO3-N
CEC
Ca
Na
Mg
K
P
Fe
Cu
Mn
Zn
B

(1:2.5)
%
mg kg-1

(me 100 gr-1)

mg kg-1

Pellustert
7.30
0.40
0.91
63.00
5.70
7.17
56.88
15.61
0.54
2.70
1.95
8.23
3.78
20.65
16.19
4.24
0.25

Argiustoll
7.00
0.49
1.01
62.00
6.27
8.50
55.51
14.45
0.75
2.90
1.85
10.24
3.25
24.28
17.87
4.34
0.21
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Haplustept
7.79
1.20
2.36
119.00
8.53
10.00
46.76
14.08
1.31
2.57
2.62
21.16
2.78
24.90
14.56
4.30
0.39

Fluvaquent
7.29
1.02
1.41
89.00
5.20
6.27
33.83
12.55
0.66
3.16
2.36
23.62
2.33
33.77
18.05
5.18
0.31

Calciorthid
7.76
25.66
2.19
110.00
9.53
10.47
39.56
12.42
1.01
2.89
2.71
12.10
3.33
35.39
13.53
4.56
11.54
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highest available Fe level of Pellustert, Haplustept,
Fluvaquent and Calciorthid soil orders was ob
served in 6 mg/kg Fe dose and at 6 FTTCs.
..-+;: 6. .9--A-B;)> +B+3-: 65 -
Considering the fixation capacities of soil or)=)3&)*&3&;B6.:6&3:<5,-9.&-3,+65,&;&65:While
ders
with FeSO4 fertilization and freeze-thaw cythe pH of Pellustert, Argiustoll and Fluvaquent soil
cles, it was observed that increased number of cyorders was neutral, pH of Haplustept and Calcles also increased fixation capacities of soil orders.
ciorthid soil orders was slightly alkaline. Lime
In general, the highest fixation capacities were
content of Calciorthid soil order was quite high
observed at 9 freeze-thaw cycles (Table 3).
while other orders with lime had low or normal

lime levels. Available nitrogen and phosphorus
..-+;: 6. .9--A-B;)> +B+3-: 65 -
levels were low and medium respectively; K, Ca
)=)3&)*&3&;B
6. :6&3: <5,-9 3)*69);69B+65,&;&65:
and Mg levels were sufficient and even high; Fe
As
a
result
of
freeze-thaw cycles, significant changand Zn levels were each low; Cu and Mn levels
es were observed in available Fe levels of five large
were sufficient; B levels were high in Calciorthid
soil orders based on the soil order, number of
soil order and low in other soil orders.
freeze-thaw cycles, and applied Fe doses (p<0.01).
Depending on applied Fe doses, high variaIn the first step, while the available Fe contions were observed in Fe availibility of soil orders
tents of Pellustert soil order following 3 freezeexposed to freeze-thaw cycles 3, 6 and 9 times.
thaw (F-T) cycles at 2.5°C and 5.0°C thawing temIncreasing number of cycles generally increased Fe
peratures were respectively observed as 4.16 and
levels of Pellustert, Argiustoll, Haplustept,
3.24 mg kg-1, the values were respectively observed
Fluvaquent and Calciorthid soil orders (Table 2).
as 4.16-4.75 mg kg-1 in Argiustoll soil order, as
Increased number of FTTCs resulted in increased
2.41-1.88 mg kg-1 in Haplustept soil order, as 2.15available Fe levels of Argiustoll soil order. Howev2.40 mg kg-1 in Flavuqent soil order, and as 2.28er in other soil orders, available Fe levels increased
2.64 mg kg-1 in Calciorthid soil order (Table 4).
up to 6 FTTCs and decreased at 9 FTTCs. The


# 
..-+;:6.-;9-);4-5;:)5,.9--A-;)>+B+3-:65-+65+-5;9);&65:6..&=-:6&369,-9:&5.&-3,+65,&;&65:
4/-2/ 
-33<:;-9;
#
+B+3-:


3

6

9

4/
2/

-
4/2/ 


0
1
3
6
9
0
1
3
6
9
0
1
3
6
9

3.17 a
2.25 b
1.26 c
0.98 d
1.17 c
1.07 e
2.33 c
2.16 d
2.63 a
2.50 b
4.08 a
2.13 b
4.11 a
1.31 c
2.11 b





38.16
33.52
16.69
19.95
20.29
12.82
34.71
28.69
53.46
43.24
49.02
31.77
54.62
26.58
36.47

9/&<:;633
-

4/


2/ 

1.79 b
38.87
1.56 c
36.42
1.77 b
25.28
2.27 a
26.39
1.55 c
30.25
1.41 b
30.64
1.18 c
27.52
1.80 a
25.74
1.18 c
13.72
1.43 b
27.84
1.40 d
30.49
1.55 d
36.06
3.42 b
48.99
5.14 a
59.89
2.15 c
41.91

)73<:;-7;
-

4/


2/ 
 
2.64 b 40.86
2.01 c 19.44
3.05 a 25.95
1.53 e 16.97
1.71 d 23.39
1.57 d 24.30
6.73 a 64.97
6.73 a 57.36
5.56 b 61.51
3.90 c 53.32
2.25 a 34.83
1.61 c 15.58
1.96 b 16.69
1.95 b 21.52
1.70 c 23.29

3<=)8<-5;
-

4/


2/ 

3.35 a 24.59
2.12 c 15.89
3.25 c 23.71
3.23 b 21.15
3.31 a 23.26
5.58 d 40.98
6.81 b 51.05
5.70 c 41.66
6.75 b 44.22
7.80 a 54.77
4.68 b 34.42
4.41 c 33.06
4.74 b 34.63
5.29 a 34.63
3.13 d 21.97

)3+&69;&,
-

4/


2/ 

4.46 b
43.45
4.99 a
48.59
3.62 c
28.74
3.34 d
29.10
2.53 e
31.59
2.84 c
27.61
2.74 c
26.65
4.88 a
38.73
4.43 b
38.53
2.50 d
31.21
2.97 c
28.94
2.54 d
24.76
4.10 a
32.53
3.72 b
32.37
2.98 c
37.21

# 
&?);&65+)7)+&;B6.:6&3:).;-9-.-9;&3&A-9;9-);4-5;:
Fe
Doses
mg
kg-1
1
3
6
9

Pellustert

Fe fixation capacity, %
Haplustept

Argiustoll

Fluvaquent

Calciorthid

3

6

9

3

6

9

3

6

9

3

6

9

3

6

9

0.1d
11.6c
55.0b
68.2a

7.9d
13.5c
57.3b
70.2a

10.0d
15.5c
59.5b
72.2a

6.7c
1.2d
35.6b
69.8a

8.8c
2.0d
39.0b
71.6a

10.8c
4.1d
42.1b
73.5a

4.6d
7.8c
35.2b
68.4a

6.7d
9.8c
38.6b
69.6a

8.8d
11.8c
41.7b
70.7a

15.2d
62.7b
46.3c
71.8a

10.0d
63.5b
49.1c
73.6a

18.9d
64.3b
51.6c
75.4a

70.1b
81.2a
81.6a
83.1a

70.8b
81.6a
82.4a
83.8a

71.4b
82.0a
83.7a
85.0a
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# 
..-+;:6.-;9-);4-5;:)5,.9--A-;)>+B+3-:
Fe
application
doses mg kg-1

FTTC

Pellustert

Argiustoll

Haplustept

Fluvaquent

Calciorthid

Thaw temperature, oC
+2.5
+5.0
+2.5
+5.0
+2.5
+5.0
+2.5
+5.0
+2.5
+5.0
0
4.16c
3.24d
4.16d
4.75c 2.41c 1.88d
2.15c
2.40c
2.28c
2.64c
1
3.89d
3.79c
4.71b
4.21d 2.35c 2.29c
2.54a
2.26d
2.70a
2.49d
3 times 4.45b
3
4.02b
4.44c
4.17d 2.72b 2.46b
2.41b
2.27d
2.56b
2.50d
6
3.97d
4.19b
4.53c
5.49b 2.33c 2.45b
2.36b
2.86b
2.51b
3.15b
9
5.43a
4.75a
4.93a
5.85a 3.25a 2.84a
2.62a
3.11a
2.78a
3.42a
0
4.05d
5.13a
4.08c
4.46d 2.35c 2.98a
2.10d
2.30c
2.23c
2.53c
1
6.70a
3.66c
5.05b
4.95b 4.05a 2.21d
2.72c
2.67a
2.89b 2.94ab
3
4.39b
5.18b
5.06b 2.48c 2.68b
2.81b
2.75a
2.98b
3.03a
6 times 4.85b
6
4.70b
4.33b
5.84a
5.30a 2.76b 2.54c
3.04a
2.76a
3.23a
3.04a
9
4.34c
3.74c
5.53ab 4.77c 2.42c 2.24d 2.95ab
2.54b
3.13a
2.79b
0
5.07a
3.29c
3.89c
4.52c 2.94a 1.90d
2.01c
2.33c
2.13c
2.56c
1
3.62c 3.53bc
4.52b
5.06b 2.19c 2.13c
2.43b
2.72ab 2.58b
2.99b
9 times
3
4.15b 3.75bc
4.87a
5.15b 2.53b 2.29b
2.65a
2.80a
2.81a
3.08a
6
4.14b
3.90b
4.97a
5.39a 2.42b 2.28b
2.59a
2.81a
2.75a
3.09a
9
3.56c
4.45a
4.96a
4.96bc 2.13c 2.66a
2.64a
2.64b
2.80a
2.90b
(Step 1; soil samples obtained from large soil orders were subjected to -10, -15, and -20°C temperatures, treatment were
subject to refreezing at -10oC for 15 d, and then thawed at +2.5 and +5oC for 18 h, this cycle was repeated 3, 6, and 9 cycles)
on equilibrium solution Fe concentration of five soil major groups (mg kg-1)

# 
..-+;:6.-)773&+);&65)5,.9--A-;)>
Fe application doses
mg/kg
0
1
3
6
9
0
1
3
6
9
0
1
3
6
9
Fe application doses
mg/kg
0
1
3
6
9
0
1
3
6
9
0
1
3
6
9

FTTC

3 times

6 times

9 times

FTTC

3 times

6 times

9 times

+2.5
3.38c
4.06a
4.01a
3.46c
3.69b
4.74b
4.69b
4.14c
4.24c
5.75a
5.60a
4.23d
4.81c
5.00b
3.01e
+2.5
2.22c
2.53ab
2.64a
2.65a
2.46b
2.06d
2.68a
2.77a
2.43b
2.25c
1.89c
2.35b
2.66a
2.68a
2.63a

Pellustert
+5.0
3.95d
4.18c
4.80b
3.68e
5.50a
4.45c
3.73e
4.29d
4.85b
5.09a
4.16d
4.37c
4.90b
3.90e
5.03a
Fluvaquent
5.0
2.14c
2.41b
2.57a
2.24c
2.60a
1.97c
2.67b
2.63b
2.84a
2.80a
1.95d
2.30c
2.52b
2.45b
2.65a

+7.5
4.26e
4.43d
5.87b
4.66c
6.39a
5.89a
4.32d
5.03b
4.64c
4.00e
3.78d
4.42c
4.67b
4.86a
4.66b

+2.5
4.31d
4.70c
4.86b
5.10a
4.63c
4.00e
4.98b
5.10a
4.67c
4.22d
3.67d
4.38c
4.89b
5.14a
4.93b

+7.5
2.34c
2.10d
2.07d
2.66b
2.93a
2.16c
2.53ab
2.61a
2.59a
2.46b
2.56a
2.64a
2.28b
2.64a
2.59a

+2.5
2.08c
2.60a
2.60a
2.15c
2.35b
2.92b
3.01b
2.68c
2.63c
3.65a
3.45a
2.72c
3.12b
3.11b
1.91d

Argiustoll
+5.0
4.14c
4.49b
4.74a
4.31b
4.89a
3.83c
4.96b
4.84b
5.45a
5.27a
3.79d
4.27c
4.64b
4.72b
4.98a
Calciorthid
+5.0
2.52d
2.78c
3.22b
2.37e
3.62a
2.84c
2.49d
2.88c
3.12b
3.34a
2.65c
2.90b
3.29a
2.51d
3.31a

+7.5
4.54b
3.91c
3.81c
5.11a
5.51a
4.19c
4.70ab
4.81a
4.98a
4.61b
4.97a
4.92a
4.21b
5.06a
4.86a

+2.5
1.96c
2.45a
2.45a
2.02c
2.21b
2.75b
2.83b
2.52c
2.48c
3.44a
3.25a
2.56c
2.94b
2.93b
1.80d

Haplustept
+5.0
2.29d
2.53c
2.93b
2.15d
3.29a
2.58c
2.26d
2.62c
2.84b
3.04a
2.41c
2.64b
2.99a
2.28d
3.01a

+7.5
2.47d
2.68c
3.58b
2.73c
3.82a
3.41a
2.61c
3.07b
2.72c
2.39d
2.19c
2.67b
2.86a
2.84a
2.79a

7.5
2.70d
2.93c
3.91b
2.98c
4.17a
3.72a
2.85cd
3.35b
2.97c
2.61d
2.39c
2.92b
3.12a
3.10a
3.05a

(Step 2; soil samples obtained from major each soil treated with treated with -10, -15, and -20°C treatment were subject to
refreezing at 10 °C for 15 d, at-5°C for 15 d, and then thawed at +2.5, 5 and 7.5oC for 18 h, this cycle was repeated 3, 6, and
9 cycles) on equilibrium solution Fe concentration of five soil major groups (mg kg-1)
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Fe fertilization after 3 freeze-thaw cycles was 3.38
mg kg-1 2.5°C thawing temperature, the value increased to 3.95 mg kg-1 at 5.0°C and to 4.26 mg/kg
at 7.5°C thawing temperatures. Available Fe levels
at three different thawing temperatures were respectively observed as 4.31, 4.14, and 4.54 mg kg-1 in
Argiustoll soil order; as 1.96, 2.29, and 2.47 mg
kg-1 in Haplustept soil order; as 2.22, 2.14, and 2.34
mg kg-1 in Fluvaquent soil order; as 2.08, 2.52, and
2.70 mg kg-1 in Calciorthid soil order. In general,
increased available Fe levels were observed with
increasing thawing temperatures (Table 5).
High variations were observed in available Fe
levels with applied Fe fertilizer doses and generally
increased available Fe levels were observed with
increasing Fe fertilizer doses. Compared to the
control treatment without any Fe fertilizer applications, Fe fertilizer resulted in higher available Fe
levels after 3, 6, and 9 freeze-thaw cycles. However, the highest Fe levels were observed after 3 F-T
cycles and decreases were observed in Fe contents
with increasing F-T cycles (Table 5).

High variations were observed in available Fe
levels with applied Fe doses and generally increased available Fe levels were observed with
increasing Fe fertilizer doses. Compared to the
control treatment without any Fe fertilizer applications, while Fe fertilizer resulted in higher available
Fe levels after 3 and 6 F-T cycles, lower available
Fe levels were observed after 9 F-T cycles.
Depending on freeze-thaw cycles and Fe doses, the highest available Fe content was obtained
from 1 mg kg-1 Fe, 6 F-T cycles and 2.5°C thawing
temperature (6.70 mg kg-1) in Pellustert soil order;
from 9 mg kg-1 Fe, 3 F-T cycles and 5.0°C thawing
temperature (5.85 mg kg-1) in Argiustoll soil order;
from 1 mg kg-1 P, 6 F-T cycles and 2.5°C thawing
temperature (4.05 mg kg-1) in Haplustept soil order;
from 9 mg kg-1 Fe, 3 F-T cycles and 5.0°C thawing
temperature (3.11 mg kg-1) in Fluvaquent soil order;
and finally from 6 mg kg-1 P, 6 F-T cycles and
2.5°C thawing temperature (3.23 mg kg-1) in Calciorthid soil order.
In the second step, while the available Fe level
of control treatment of Pellustert soil order without



#
..-+;:6.-)773&+);&65)5,.9--A-;)>
Fe
application
doses mg/kg
0
1
3
6
9
0
1
3
6
9
0
1
3
6
9
Fe
application
doses mg/kg
0
1
3
6
9
0
1
3
6
9
0
1
3
6
9

FTTC

Pellustert
+2.5

3
times

6
times

9
times

4.07bc
3.83c
4.32b
3.90c
5.36a
3.93c
6.49a
3.97c
4.55b
3.91c
3.80e
3.96d
5.25b
4.18c
5.78a

FTTC

3
times

6
times

9
times

+5.0

Argiustoll

Haplustept

+7.5

+10.0

+2.5

+5.0

+7.5

+10.0

+2.5

+5.0

+7.5

+10.0

4.94a
3.74c
3.46c
3.23c
4.14b
4.81b
4.13b
5.31a
3.63c
5.37a
3.11d
3.31d
3.62c
4.11c
3.81bc 5.67b
3.99b
6.07a
4.53a
6.24a
4.26c
5.27c
5.30b
6.53a
5.26b
5.25c
6.49a
5.55c
6.50a
6.13b
Fluvaquent

4.06b
3.67c
4.12b
4.14b
5.34a
3.93d
5.01c
5.00c
6.44a
5.97b
5.16ab
5.27a
5.13ab
4.95b
4.29c

3.94c
4.26b
4.35b
4.50b
5.49a
4.69d
5.06c
5.36b
5.55a
5.11c
3.16d
3.46c
3.39c
3.99b
4.69a

4.40c
4.47a
4.87b
4.13b
5.09a
4.49a
4.18d
4.48a
4.45c
3.96b
3.93a
4.57b
3.71a
4.41b
3.89a
4.71b
3.76a
5.24a
3.67a
4.56b
4.49a
4.32c
4.70a
5.26a
4.21a
5.36a
4.73a
4.86b
4.82a
5.27a
Calciorthid

3.76c
4.89ab
4.99a
5.08a
4.61b
4.60c
5.22b
5.65ab
5.94a
5.97a
5.46c
5.76b
5.63b
6.01a
5.62b

2.36c
2.32c
2.64b
2.28c
3.20a
2.28c
3.92a
2.43c
2.66b
2.34c
2.20b
2.40b
3.21a
2.44b
3.46a

2.86a
2.09c
2.53b
2.42b
2.17c
1.80c
2.19b
2.33b
2.34b
2.71a
2.47c
3.20b
3.21b
3.80a
3.89a

2.17d
1.95c
2.94b
3.11a
3.21a
1.91c
2.48b
3.46a
3.56a
3.73a
3.05a
3.95a
3.20a
3.25a
3.67a

2.35b
2.22b
2.52b
2.42b
3.19a
2.28c
3.03b
3.06b
3.77a
3.57a
2.99b
3.18a
3.13a
2.90b
2.57c

+2.5

+5.0

+7.5

+10.0

+2.5

+5.0

+7.5

+10.0

2.03c
2.29b
2.37b
2.34b
2.92a
2.42c
2.72b
2.91a
2.89a
2.72b
1.63d
1.86c
1.84c
2.08b
2.50a

2.27bc
2.62a
2.76a
2.18c
2.37b
2.03b
2.00b
2.11a
1.96b
1.95b
2.31c
2.53a
2.29c
2.46b
2.57a

2.30b
2.22c
2.44a
2.33b
2.11d
2.35c
2.37c
2.56b
2.73a
2.43b
2.22d
2.83b
2.91a
2.53c
2.80b

1.94c
2.63a
2.71a
2.65a
2.45b
2.37d
2.81c
3.07b
3.09b
3.17a
2.81b
3.10a
3.06ab
3.13a
2.99ab

2.16c
2.43b
2.52b
2.49b
3.10a
2.57c
2.89b
3.09a
3.07a
2.89b
1.73d
1.98c
1.95c
2.21b
2.66a

2.50c
2.88ab
3.04a
2.40c
2.61b
2.23b
2.20b
2.32a
2.16b
2.15b
2.54b
2.78a
2.52b
2.71a
2.83a

2.51ab
2.42b
2.66a
2.54ab
2.30c
2.57c
2.59c
2.80b
2.98a
2.65c
2.42c
3.09a
3.18a
2.76b
3.06a

2.16c
2.92a
3.01a
2.94a
2.72b
2.63d
3.12c
3.41b
3.43b
3.52a
3.12a
3.44a
3.40a
3.48a
3.32a

(Step 3; soil samples obtained from major each soil treated with treated with -10, -15, and -20°C treatment were subject to
refreezing at -10°C for 15 d, at-5°C for 15 d and at 0°C for 15 d then thawed at +2.5, +5, +7.5 and 10.0°C for 18 h, this cycle
was repeated 3, 6, and 9 cycles) on equilibrium solution Fe concentration of five soil major groups (mg kg-1)
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Depending on freeze-thaw cycles and Fe doses, the highest available Fe content was obtained
from 9 mg kg-1 Fe, 3 F-T cycles and 7.5°C thawing
temperature (6.39 mg kg-1) in Pellustert soil order;
from 9 mg kg-1 P, 3 F-T cycles and 7.5°C thawing
temperature (5.51 mg kg-1) in Argiustoll soil order;
from 9 mg kg-1 P, 3 F-T cycles and 7.5°C thawing
temperature (3.82 mg kg-1) in Haplustept soil order;
from 9 mg kg-1 P, 3 F-T cycles and 7.5°C thawing
temperature (2.93 mg kg-1) in Fluvaquent soil order;
and finally from 9 mg kg-1 P, 3 F-T cycles and
7.5°C thawing temperature (4.17 mg kg-1) in Calciorthid soil order (Table 5).
In the third step, available Fe level of the control treatment of Pellustert soil order without any Fe
fertilization after 3 freeze-thaw cycles was measured as 4.07 mg kg-1 at 2.5°C thawing temperature,
as 4.94 mg kg-1 at 5°C thawing temperature, 3.74
mg kg-1 at 7.5°C thawing temperature and 4.06 mg
kg-1 at 10°C thawing temperature (Table 6).
Available Fe levels at different thawing temperatures were respectively measured as 3.94, 4.40,
4.47, and 3.76 mg kg-1 in Argiustoll soil order; as
2.36, 2.86, 2.17, and 2.35 mg kg-1 in Haplustept soil
order; as 2.03, 2.27, 2.30, and 1.94 mg kg-1 in
Fluvaquent soil order; and as 2.16, 2.50, 2.51, and
2.16 mg kg-1 in Calciorthid soil order.
Increasing available Fe levels were observed
in all soil orders with increasing Fe fertilizer doses.
Compared to the control treatment without any Fe
fertilizer applications, Fe fertilizers resulted in
higher available Fe levels after 3, 6, and 9 freezethaw cycles. Decreasing available Fe levels were
observed with increasing freeze-thaw cycles
(Table 6).
Depending on the freeze-thaw cycles and Fe
doses, the highest available Fe content was obtained
from 9 mg kg-1 Fe, 9 F-T cycles and 7.5°C thawing
temperature (6.50 mg kg-1) in Pellustert soil order;
from 6 mg kg-1 Fe, 9 F-T cycles and 10°C thawing
temperature (6.01 mg kg-1) in Argiustoll soil order;
from 1 mg kg-1 Fe, 9 F-T cycles and 7.5°C thawing
temperature (3.95 mg kg-1) in Haplustept soil order;
from 1 mg kg-1 P, 9 F-T cycles and 10°C thawing
temperature (3.10 mg kg-1) in Fluvaquent soil order;
and finally from 6 mg kg-1 P, 9 F-T cycles and 10°C
thawing temperature (3.48 mg kg-1) in Calciorthid
soil order.

tivate at thawing temperatures and consequently
increase available Fe levels of the soils under low
temperature [26]. Thawing also increases available
nitrogen and phosphorus levels of the soils and thus
plants can take up or absorb these nutrients quite
easily [27]. Availability of soil nutrients increases
with increasing microbial activity at higher temperatures while nutrient leaching or loss through runoff
decreases. Previous researches indicated faster
nutrient absorption by plants after the last thawing
temperature [28, 29].
Current results revealed that the effects of
freeze-thaw cycles on availability of plant nutrients
varied based on soil characteristics and climate
conditions. Earlier studies also indicated differences
in soil microorganisms based on soil characteristics
and thus reported significant impacts of freeze-thaw
cycles on availability of soil nutrients [28, 30, 31].
Freeze-thaw cycles may also result in loss of
organic matter, organic carbon, and some nutrients
[32]. Mineralization conditions speed up with disintegration of organic matter and thus nutrient availability increases rapidly. However, increasing number of freeze-thaw cycles not only terminates this
rapid increase in nutrient availability [17, 33] but
also decrease the availability of plant nutrients in
soils [34]. Supporting the results of previous studies, current findings also indicated that increased
number of freeze-thaw cycles decreased the available fractions of plant nutrients in soils and transformed them into inaccessible forms.
Calibration of the processes occurring in soils
under laboratory conditions was attempted.
Throughout steps 1-3, field conditions were simulated as best as possible. Long-term freeze-thaw
temperatures were simulated and similar results
observed both under field and laboratory conditions
[13, 35]. Increasing number of freeze-thaw cycles
decreased available Fe levels of the soils and Fe
fixation capacity increased in 9 freeze-thaw cycles.
However, since the temperatures are continuously
changing under field conditions, the results of step
3 of the laboratory conditions were found to be
closer to field conditions.
Based on current results, it was concluded that
highland soils were the most susceptible soils
against global warming and climatic change. Increasing air temperature has resulted in the rise of
soil temperature and increased the frequency of soil
freeze-thaw cycles during the winters of cool regions and high altitudes. It was observed in this
study that climate change-induced frequent freethaw cycles decreased the available Fe levels of the
soils but increased Fe fixation into the soils. Among
5 large soil orders investigated in this study, the
highest fixation capacity was observed in Calciorthid soil order and increasing Fe fertilization
dozes and freeze-thaw cycles also supported such
increases in fixation capacities.

"$""
The present findings indicated that Fe availability varied with freeze-thaw cycles and increasing
number of cycles resulted in decreasing Fe availability levels and increasing Fe fixation levels.
Since bacteria activity in soils is slower or decreases at low temperatures, available portions of
plant nutrients in soils also decrease. Bacteria reac-
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The purpose of this study was to assess the
changes in the chemical composition and thermal
properties of Brutian pine (  Ten.) fibers
treated with 0.25%, 0.50%, 0.75% and 1% NaOH
solutions and their effects on the physical and mechanical properties of produced fiberboards. Main
chemical components and Fourier transform infrared (FTIR) spectroscopy analyses revealed that the
amount of extractive substances, lignin and hemicellulose decreased constantly as the NaOH concentration increased in alkali treatments, while the
cellulose amount increased constantly. Thermogravimetric analysis (TGA) results showed that
alkali treatment decreased the thermal resistance of
the fibers. Alkali treatment of fibers increased the
water absorption (WA) and thickness swelling (TS)
of fiberboards. As the concentration of the alkali
treatment increased, the mechanical properties of
the fiberboards (the modulus of elasticity (MOE),
the modulus of rupture (MOR) and internal bond
strength (IB)) were also increased. The boards
produced from untreated fibers and fibers treated
with 0.25% and 0.50% NaOH were met the requirements of the standard TS EN 622-5 (2011) in
terms of TS, MOE, MOR, and IB strength for loadbearing boards to be used under dry conditions.

to use wood in the most efficient way [1].
There are several studies regarding the treatments applied to lignocellulosic raw materials in
order to increase the number of areas where the
materials can be used and improve their quality.
Such treatments include acetylation [2, 3, 4], enzyme treatment [5], heat treatment [6, 7, 8, 9],
NaOH treatment [10, 11, 12], boric acid treatment
[13, 14] and treatments with other chemicals [15].
Alkali treatment is one of the methods that are
frequently used to modify the surface of fibers and
particles and increase the amount of reactive OH
groups in the material [10, 11, 16, 17]. After alkali
treatment, surface roughness and OH groups increase, enabling better adhesion between fibers and
particles [18]. This has important effects on some
features of the boards that are produced [12, 19].
Brutian pine (  Ten.) is distributed
over an area of 5.8 million hectares in Turkey in the
Mediterranean, Aegean and Marmara Regions as
well as some parts of the Black Sea Region [20].
Brutian pine is one of the most important raw materials used to produce composite panels in Turkey
[21].
Boards produced from fibers and particles
treated with 1% NaOH were observed to have better mechanical properties compared to the control
boards [12, 15, 22]. Treatment with concentrations
higher than 1% NaOH resulted in excessive modification of the chemical composition of cells in fibers
and particles and led to structural degradation;
therefore, the mechanical properties of the boards
decreased excessively compared to the control
boards [12, 22]. For that reason, Brutian pine fibers
were subjected to alkali treatment with low concentration NaOH solutions (0.25%, 0.5%, 0.75% and
1%, w/v) in this study. Then the changes in the
chemical and thermal properties of the fibers due to
the treatment were demonstrated, and the effects of
such modifications on the physical and mechanical
properties of the boards were assessed.







)("$%
Brutian pine, alkali treatment, chemical composition,
fiberboard, physical and mechanical properties
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Technological advances depend on the amount
and efficient use of existing, limited resources.
Therefore, methods for the most efficient use of
raw materials have been developed. Today, forests
that are a natural resource that is used for multiple
purposes, and around ten thousand products are
produced only from wood. However, the forest
asset has been decreasing rapidly because of the
widespread use of wood and rapid population
growth. The value of wood as a raw material will
increase continuously. For that reason, it is essential
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;/924: Brutian pine fibers used for board
production were supplied from AGT A.S.-Antalya,
while the resin (urea formaldehyde) and hardener
(ammonium chloride) were supplied from ORMA
A.S.-Isparta. The properties of the urea formaldehyde (UF) resin used are shown in Table 1.

nitrogen at a heating speed of 10 ºC per minute
from 25 to 900 °C.
21/9179  897 <2;276 81?:224 6  5/
216224 ;/:;: Control and alkali treated Brutian
pine fibers were dried at 102±5 °C to 3% moisture
before board production. The experimental design
of the fiberboards is shown in Table 2. Fibers were
weighted such that the target density would be 0.75
g/cm3. Urea formaldehyde in a ratio of 10% of the
oven-dry weights of the fibers and hardener in the
ratio of 1% (35% NH4Cl) were sprayed in the drum
blender using an air-atomized metering system.
After gluing, the fibers were spread in a 31 x 35 cm
metal frame with a wooden box, and the metal
frame was kept in a hot press at 150 ±5 ºC under a
pressure of 2.5-3 N/mm2 for 8 minutes until the
board thickness reached 1.2 cm. The fibers were
conditioned in an air-conditioning room for 30 days
at 20 ºC and 65% relative humidity. The MOE,
MOR, IB, WA and TS of the boards were determined according to TS EN 310 (1999), TS EN 317
(1999), TS EN 319 (1999) standards [26, 27, 28].

& 
#978/9;2/:7+<9/+7954 /1? /9/:26

#978/9;2/:
Solid content (%)
Density (g/cm3)
pH (25ºC)
Viscosity (cps, 25ºC)
Gel time (s, 100ºC)
Storage time (day, at 25ºC)
Flowing time (s, 25ºC)
Free formaldehyde (max.) (%)

'$/:26
65±1
1.27 - 1.29
7.5 - 8.5
150 - 200
25 - 30
60
20 - 30
0.19



4342;9/;5/6;7++21/9:The fibers used in
the study were stored in NaOH solutions at concentrations of 0.25%, 0.50%, 0.75% and 1% (w/v) at
room temperature for 24 hours. After treatment,
they were thoroughly rinsed with water, kept in a
10% acetic acid solution to neutralize residual
NaOH and then rinsed with water again. The rinsed
fibers were spread and air dried.

& 
21/9179 >8/925/6;4 /:206

79 &?8/
A
B
C
D
E

/;17  1/5224 64?:/: To determine
the amount of extractive substances, the fibers were
subjected to extraction with a cyclohexane and
ethanol mixture (2:1, v/v) for 6 hours in the Soxhlet
extraction device and then with ethanol for 6 hours.
The amount of dissolved extractive substances was
calculated as a percentage of oven-dry material.
The Wise and Karl (1962) [23] method was used to
determine the holocellulose amount in the extractfree samples and the ASTM D1103 (1980) [24]
method was applied to determine the α-cellulose
and hemicellulose in holocellulose. α-cellulose and
hemicellulose amounts were calculated as a percentage of oven-dry material. The method developed by Dill et al. (1984) [25] was slightly modified and applied as follows for the acid hydrolysis
of the samples: The samples, weighted to correspond to 1 g of extract-free material (oven-dry
basis), were first hydrolyzed in the autoclave in 20
mL of 72% H2SO4 at 30 °C for 2 hours, followed
by 120 °C for 30 minutes after adding distilled
water to 360 mL. Then, the Klason lignin obtained
in the form of residue after filtering was dried at
105±2 °C and expressed as the percentage of ovendry material [19].
FTIR spectra, within the 4000 to 400 cm-1
wave range, of the pellets produced by pressing 10
mg of each fiber sample with KBr at a 1:100 (w/w)
ratio were obtained in a Perkin Elmer BX FTIR
spectrometer at room temperature. TGA analyses of
5 mg fiber samples were conducted in a Perkin
Elmer SII Diamond thermal analysis device under

':/ 9<;26826/+21/9:
Untreated (control)
Treated with 0.25% NaOH
Treated with 0.50% NaOH
Treated with 0.75% NaOH
Treated with 1% NaOH


%;;2:;224 64?:2: The results of the study
were assessed using Minitab 16 statistics software.
First, an analysis of variance (ANOVA Test) was
carried out on the data. In the case of statistical
differences according to the ANOVA test, a Duncan test was applied to determine different groups.
$%'&%!%'%%"!

The main chemical component composition of
the treated and untreated Brutian pine fibers are
shown in Table 3. There was a statistical difference
between the main chemical component composition
of the control and treated fibers according to the
ANOVA test. According to the Duncan test, the
extractives and lignin data were divided into 4
homogeneous groups and the α-cellulose and hemicelluloses data into 5 homogeneous groups.
As the NaOH concentration increased in the
alkali treatment applied to the fibers, the amount of
extractives, lignin and hemicellulose decreased
constantly while the α-cellulose amount increased
constantly (Table 3). The findings of this study are
consistent with the literature. Previous studies have
demonstrated that alkali treatment removes some of
the extractive substances especially oil and wax
compounds from the lignocellulosic raw material
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[29, 30] and may decompose lignin and hemicellutra [32, 33]. The band at 2910 cm-1 represented C-H
lose at room temperature [11, 12]. The increase in
stretching in the methyl and methylene groups [34,
the amount of α-cellulose can be explained by the
35]. The band at 3446 cm-1 was related to H- bonded H-O stretching [34, 36, 37]. The band at 1744
fact that cellulose is more resistant to alkali treatcm-1 was attributed to the C-O stretching of carboxment compared to lignin, hemicellulose and extracyl and acetyl groups of hemicellulose in the samtive substances that are unstable to such treatment
ples [38, 39]. The band at 1464 cm-1 was assigned
[11, 17, 29, 30, 31].
to CH3 deformation in lignin. The band at 1382 cmFTIR spectra of the alkali treated and untreat1
showed C-H deformation in lignin, cellulose or
ed Brutian pine fibers were recorded in the range of
hemicellulose. The band at 1274 cm-1 was related to
4000 to 400 cm-1 waves (Figure 1). The band seen
at 2910 cm-1 in the spectra was used as an internal
C-O stretching of acetyl groups in hemicellulose.
standard, while cellulose, hemicellulose and lignin,
The band at 1064 cm-1 was attributed to the aromatic C-H in plane deformation and to the C-O
which were the main chemical components of the
deformation of primary alcohol in lignin. The band
samples, were assessed based on the bands at 3446,
at 826 cm-1 was attributed to the aromatic C-H out
1744, 1464, 1382, 1274, 1064 and 826 cm-1. The
absorbance values of the bands were divided by the
of plane vibration in lignin [32, 33].
value of the band at 2910 cm-1 to compare the spec
& 
2621/5224275876/6;27587:2;2767+;9/;/ 6 <6;9/;/ 9<;26826/+21/9:

75876/6;
Extractives
Lignin
α-cellulose
Hemicelluloses

'6;9/;/ 
4.79(0.05)1 a2
27.98(0.14) a
48.23(0.08) a
24.41(0.09) a

 !"
4.54(0.08) b
27.42(0.04) b
49.28(0.06) b
23.96(0.06) b

9<;26826/+21/9:
 !"
4.43(0.10) b
26.93(0.05) c
51.08(0.08) c
23.38(0.06) c

!"
4.28(0.13) c
26.41(0.11) d
52.21(0.09) d
22.64(0.06) d

!"
4.11(0.12) d
26.28(0.10) d
53.11(0.13) e
22.08(0.18) e

1: Standard deviation, 2: Groups defined by different letters in each row according to the Duncan test (for extractives, lignin,
α-cellulose and hemicelluloses p<0.001).

'$ 
&$:8/2;97+;1/;9/;/ 6 <6;9/;/ 9<;26826/+21/9:

&
&$1:79162/9;/:7+;9/;/ 6 <6;9/;/ 9<;26826/+21/9:

  
3446/2910
2910/2910
1744/2910
1464/2910
1382/2910
1274/2910
1064/2910
826/2910

'6;9/;/ 
1.549
1.000
0.898
1.039
1.042
1.063
1.523
0.749

 !"
1.575
1.000
1.035
1.037
1.033
1.507
0.685
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9<;26826/+21/9:
 !"
1.598
1.000
1.023
1.018
1.015
1.489
0.665

!"
1.619
1.000
1.014
1.013
1.011
1.449
0.629

!"
1.623
1.000
1.005
1.002
1.002
1.428
0.607
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The value of the band at 3446 cm-1 increased
as the concentration of alkali applied to the fibers
increased. This indicated an increase in –OH groups
in the samples with alkali treatment. The band at
1744 cm-1 was obtained only in the untreated sample. This shows that alkali treatment removes the
acetyl groups in hemicellulose from the samples.
The band absorbance rate at 1464 cm-1 decreased
constantly with alkali treatment. This indicates that
the amount of lignin in the samples was reduced
constantly with increased alkali concentrations
during the treatments. The band at 1382 cm-1 had a
higher value in the control sample compared to the
alkali treated ones. The absorbance value of the

band at 1274 cm-1 was higher in the untreated sample and it decreased as the concentration of alkali
increased. This is associated with the removal of
the acetyl groups of hemicellulose from the samples
after alkali treatment. The absorbance values of the
bands at 1064 and 826 cm-1 decreased constantly
starting from the untreated sample. The decrease in
both band values can be explained by the decreased
lignin amount in the alkali treated samples (Table
4). FTIR results were consistent with the results of
the analysis of the main chemical components.
TGA and DTG (differential thermogravimetric
analysis) thermograms of the treated and untreated
Brutian pine fibers are presented in Figures 2 and 3.

'$ 
&;1/957095:7+;1/;9/;/ 6 <6;9/;/ 9<;26826/+21/9:

'$ 
&;1/957095:7+;1/;9/;/ 6 <6;9/;/ 9<;26826/+21/9:
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was found between the physical properties of the
boards produced from the control and treated fibers
according to the ANOVA test. According to the
Duncan test, 4 homogenous groups were formed in
each of WA -2, WA -24, TS-2 and TS-24 hour data.
Studies have demonstrated that extractive substances prevent the penetration of water into wood
[43, 44, 45, 46, 47, 48, 49]. In particular, wax and
oil compounds act as a thin film and prevent the
penetration of water into wood [50]. Polysaccharides in wood (cellulose and hemicellulose) are
hydrophilic as they contain high amounts of the –
OH group in their molecular structure. Lignin is
hydrophobic, which makes wood resistant to water
absorption [51]. Compared to the control fibers, the
amount of extractive substances and lignin that are
hydrophobic decreased in the alkali treated fibers as
the NaOH concentration increased. Although the
amount of hemicellulose that is hydrophilic decreased gradually in the treated fibers, the amount
of cellulose that is also hydrophilic increased constantly. This revealed that the percentage of holocellulose (hemicellulose and cellulose) was 72.64%
in the control fibers, 73.24% in the fibers treated
with 0.25% NaOH, 74.46% in the fibers treated
with 0.50% NaOH, 74.85% in the fibers treated
with 0.75% NaOH and 75.19% in the fibers treated
with 1% NaOH. It was understood that the amount
of hydrophilic polysaccharide increased gradually
in the treated fibers. The changes in the chemical
component composition of the alkali treated Brutian
pine fibers increased the WA (2 and 24 hours) and
TS (2 and 24 hours) values of the boards. According to the TS EN 622-5 (2011) standard [52], the
TS (24 hours) of load-bearing boards used under
dry conditions must be a maximum 15%. The TS
(24 hours) values of boards produced from the
untreated fibers and fibers treated with 0.25% and
0.50% NaOH were compliant with the standard.
The mechanical properties of the boards produced from treated and untreated Brutian pine fibers are shown in Table 7. A statistical difference
was found between the mechanical properties of the
control and treated fiberboards according to the
ANOVA test. According to the Duncan test, MOE
and MOR data were divided into 2 homogeneous
groups while the IB data were divided into 3
homogeneous groups.

Decomposition started at 150 °C in the treated
and untreated Brutian pine samples. Water and
some extractives in the samples were removed until
that temperature [40]. After 150 °C, the decomposition process continued until 555 °C in the control
sample, 533 °C in the sample treated with 0.25%
NaOH, 527 °C in the sample treated with 0.50%
NaOH, 519 °C in the sample treated with 0.75%
NaOH and 512 °C in the sample treated with 1%
NaOH. From 150 °C to 512–555 °C, hemicellulose,
the remaining extractives, lignin and cellulose [40,
41] were decomposed. Compared to the control
sample, the maximum degradation temperature
decreased by 22 °C in the sample treated with
0.25% NaOH, 28 °C in the sample treated with
0.50% NaOH, 36 °C in the sample treated with
0.75% NaOH and 43 °C in the sample treated with
1% NaOH (Table 5). A char part of the residue at
900 °C in the samples is ascribed to formation of a
condensed polycyclic aromatic structure from cellulose during thermal decomposition [42]. Therefore,
the gradual increase in the amount of residues in the
alkali treated samples is explained by the continuous increase in cellulose content. The results of
TGA analysis revealed that the thermal resistance
of the fibers decreased gradually with increasing
alkali concentration.
&
$/:<4;:7+;1/95464?:2:7+;9/;/ 6 <6
;9/;/ 9<;26826/+21/9:
$/:2 </;
&+
9<;26
&  &5>
 7
#26/+21/9: 7 7 7

Untreated
150
339
555
7.52
0.25%
150
317
533
10.80
NaOH
0.50%
150
308
527
17.69
NaOH
0.75%
150
303
519
19.12
NaOH
1% NaOH
150
300
512
21.86
T0: Started temperature, Tmax: maximum degradation
temperature, Tf: Final temperature.

The physical properties of the boards produced from treated and untreated Brutian pine fibers are shown in Table 6. A statistical difference



&
#1?:2248978/9;2/:7+;1/179 :897 <2/ +975;9/;/ 6 <6;9/;/ 9<;26826/+21/9:
79 &?8/
( 1
( 1
&% 1
&% 1
A
31.13(5.32)1 a2
47.61(6.23) a
7.21(1.58) a
12.97(1.76) a
B
34.77(5.07) b
53.14(4.55) b
8.13(1.62) b
13.74(2.23) a, b
C
38.01(5.99) c
59.61(4.86) c
8.97(2.53) b
14.76(2.78) b
D
42.19(4.56) d
65.23(5.16) d
10.11(2.47) c
16.42(3.67) c
E
44.13(3.43) d
67.82(4.20) d
11.79(1.54) d
17.88(1.65) d
1: Standard deviation, 2: Groups defined by different letters in each column according to the Duncan test (for WA (2 and 24
h) and TS (2 and 24 h) p<0.001).
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79 &?8/
"$! 55 
"! 55 
! 55 
A
29.14(5.21)1 a2
2947(107) a
0.67(0.19) a
B
30.11(6.03) a
3047(121) a
0.70(0.18) a, b
C
31.04(5.68) a, b
3189(138) a, b
0.73(0.15) a, b
D
32.28(6.98) a, b
3351(146) a, b
0.77(0.19) b, c
E
34.64(4.13) b
3592(153) b
0.82(0.14) c
1: Standard deviation, 2: Groups defined by different letters in each column according to the Duncan test (for MOE and
MOR p<0.05 and for IB p<0.01).

"!'%"!

Previous studies have shown that extractive
substances have a negative impact on adhesion
between fibers and thus diminish the mechanical
properties of the boards [44, 45, 46, 47, 53, 54].
The gradual decrease in the amount of extractive
substances in alkali treated Brutian pine fibers contributed to the improvement of the mechanical
properties of the fiberboards. The source of polar OH groups in wood are holocellulose (cellulose and
hemicellulose) and lignin. Polar -OH groups are
responsible for the formation of hydrogen bonds
with polar adhesive polymers. Therefore, it is understood that an increased holocellulose amount
will improve the mechanical properties of fiberboards [55]. Although the hemicellulose amount in
alkali treated Brutian pine fibers decreased gradually, the cellulose amount rised constantly, holocellulose amount increased and the reactive –OH groups
in cellulose increased with alkali treatments, which
all improved the mechanical properties of the fiberboards produced. Lignin is a natural glue and contributes to the adhesion between fibers and has a
positive effect on the mechanical properties of the
fiberboards produced [56, 57]. The lignin amount
decreased gradually in the alkali treated fibers. The
changes in the chemical composition of the alkali
treated Brutian pine fibers increased the MOE,
MOR and IB values of the fiberboards as the concentration of the NaOH treatment increased. According to the TS EN 622-5 (2011) standard [52],
the minimum MOE, MOR and IB values of loadbearing application boards used under dry conditions must be 27 N/mm2, 2800 N/mm2 and 0.65
N/mm2, respectively. The MOE, MOR and IB values of all fiberboards produced in this study (A, B,
C, D and E) were above the values specified in the
standard.
The TS (24 hours), MOE, MOR and IB values
show that the boards produced from untreated fibers and fibers treated with 0.25% and 0.50%
NaOH were compliant with TS EN 622-5 (2011)
[52] that provides for properties expected from
load-bearing application boards used under dry
conditions.

In this study, Brutian pine fibers were treated
with 0.25%, 0.50%, 0.75% and 1% NaOH solutions. The changes in the chemical composition of
the fibers during the alkali treatments were assessed, and their effects on the physical and mechanical properties of the fiberboards produced
were analyzed. Compared to the control fibers, the
thermal resistance of the treated fibers decreased
constantly as the NaOH concentration increased.
Increased alkali concentration resulted in a constant
decrease in the amounts of hydrophobic compounds
(extractive substances and lignin). However, although hydrophilic hemicellulose decreased constantly, constant increases in the amount of cellulose increased the amount of total hydrophilic polysaccharides (hemicellulose and cellulose). Increased alkali concentration also constantly increased the WA and TS values of the boards produced from treated fibers compared to the control
fiberboards. As the NaOH concentration increased,
the amount of extractive substances in the treated
fibers decreased compared to the control fibers, the
holocellulose (hemicellulose and cellulose) amount
increased and the reactive -OH groups in cellulose
increased, which all improved the mechanical properties of the boards produced from treated fibers.
The TS, MOE, MOR and IB values obtained in this
study indicate that the boards produced from untreated fibers and fibers treated with 0.25% and
0.50% NaOH were compliant with the TS EN 6225 (2011) standard which specifies requirements for
load-bearing application boards used under dry
conditions.
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Morus genus identified in mild-climate regions of
the world. Of these species, 10-12 are commonly
grown and the most common cultivars are identified
as     (white mulberry),    
(black mulberry) and     (purple mulberry) [1].
Since mulberries have several species, mulberry as other plants have quite high adaptation capacity to different climate and soil conditions [2]. Since
soil salinity affects plant growth, in places without
soil salinity, Mulberry has a great genetic diversity
and widespread throughout the world [3]. The mulberry genotypes grown for fresh consumptions are
classified among     L. (white mulberry),
     (black mulberry) and    
L. (red-purple mulberry) species [4].
Anatolia is the origin center and natural spread
of several fruit species. Mulberry culture has more
than 400 years of history and 95% of mulberries
grown in Turkey belongs to     L., 3%
belongs to     L. and 2% belongs to  
   L. species [5, 6].
Previous researches on mulberries have mostly
focused on sericulture, leaf yield and nutritional
composition of leaves. However, some other studies
have recently been conducted on organic mulberry
culture, phenolics and biochemical characteristics
of mulberry fruits. Mulberry fruits are quite rich in
phenolic compounds and thus there is an increasing
interest in mulberries [7]. Thusly, large mulberry
orchards have recently been established.
Phenological, pomological and morphologic
identifications have been performed for various
fruit species in the world and Turley. Fruit species
are characterized with these identifications. Identification of cultivar characteristics provides significant contributions both for breeding programs and
cultivar registration. Fruit cultivar characteristics
play significant roles also in culture techniques.
UPOV criteria are not available for identification of cultivar characteristics in mulberries. Therefore, there is a need for creation of cultivar characteristics document for mulberry plants.
The mulberry genotypes collected from different regions of Turkey are preserved in mulberry
genetic sources plot in Malatya province. This study

 

Mulberries are classified under berry fruits and
they have quite high adaptation capacity to different
climate and soil conditions. Therefore, they are
quite common in various parts of the world. Previous studies on mulberries have mostly focused on
sericulture and nutritional composition of leaves.
However, there is also an increasing interest in
phenolic compounds of mulberries. Although there
are several cultivar registrations in other fruit species, the works for cultivar registration are quite
limited in mulberries. Besides, there are UPOV
criteria to be used in identification of cultivar characteristics of various fruit species, but such criteria
are not available for mulberries. Determination of
characteristics to be used in identification of mulberry genotypes is a significant issue for breeding
programs, cultivar registrations and cultural practices. Anatolia is the origin-center and natural spread
of several fruit species. Mulberry culture has a
history of more than 400 years in Anatolia. Different mulberry genotypes collected from different
regions of Turkey are preserved in mulberry genetic
sources plot of Malatya Apricot Research Institute.
The present study was conducted in this plot in
2015 and 2016 to determine cultivar characteristics
to be used in identification of mulberry genotypes.
Within the scope of the study, tree, shoot, leaf,
flower and fruit characteristics of 75 different mulberry genotypes were determined through observations and measurements. Resultant data were used
to generate a document on “Mulberry Cultivar
Characteristics”. The resultant form included 36
characteristics to be used identification of mulberry
genotypes.
'&  
Mulberry, Genetic source, Cultivar, Morphology

    
Mulberry is classified under Morus genus of
Urticales order. There are about 100 species of
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over randomly selected 30 fruits from different
sides of the trees of each genotype. Water soluble
dry matter (WSDM) contents were measured in
accordance with [11] and acidity with [12]. The
must yields of the genotypes were determined in
accordance with [6]. For drying efficiency, 100 g
ripened fresh fruits of each genotype were
weighted, then they were dried and dry weights
were determined. Drying efficiency was expressed
in %.
Fruit taste was determined by a degustation
panel composed of 5 panelists. Fresh fruit color
parameters were measured with a Minolta CR-400
color meter. Dry fruit colors were assessed visually
and fruit removal forces were determined sensually.


     

was conducted at this genetic source plot in 2015
and 2016 to determine cultivar characteristics to be
used in identification of mulberry species.
     

(9,70(! The 10-25 years old, yielding mulberry genotypes (75 of them) located in mulberry
genetic sources plot of Malatya Apricot Research
Institute constituted the plant material of this study.
Of these 75 mulberry genotypes, 47 belong to
   , 7 belong to     and 2 belong
to     species. For the unidentified 19
genotypes, works are ongoing within the scope of a
project to determine the species.

,9/%+ The principles specified in [6, 8, 9]
were used in characteristics identification through
tree habitus, annual shoot and leaf measurements.
Flower structures of the genotypes were determined through observations made during the
flowering period. For flower dimensions, flower
width and lengths were measured with a digital
caliper over 20 flowers of each genotype.
Observations were also made to determine
phenological stages and temporal differences between the genotypes.
Phenological observations were made in accordance with [6, 8, 9]. Fruit physical measurements were performed in accordance with [6, 10].
Measurements were performed with a digital caliper

%



 

The present study was conducted to determine
cultivar characteristics to be sued in species identification in mulberries. “Mulberry Cultivar Characteristics Document” including 36 characteristics
about mulberry tree and annual shoot characteristics, leaf and flower characteristics, phenological
characteristics and fruit characteristics was generated (Table 1). Previous studies mostly focused on
leaf characteristics, nutritional composition of the
fruits and included selection works. Therefore,
present findings were not able to be discussed with
the previous findings.
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Tree vigor



Tree habitus
(Figure 1)



Tree brancing



Lenticel intensity over annual shoots



Internode length of annual shoots



Status of vegetative bud on annual shoots (Figure 2)



Leaf blade length



Leaf blade width



Leaf blade shape (*)
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Very poor
Poor
Medium
Strong
Very strong
Upright
Semi-upright
Broad
Pendulous
Very pendulous
Poor
Medium
Strong
Very strong
Sparse
Medium
Intense
Short
Medium
Long
Depressed
Medium depressed
Free
Short
Medium
Long
Narrow
Medium
Wide
Hearth
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(Figure 3)



Leaf blade partitions



Leaf color



Leaf blade petiolar sinus shape (*)
(Figure 4)
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Leaf blade tip shape (*)
(Figure 5)



Leaf blade edge notch shape (*)
(Figure 6)



Petiole length



Petiole thickness



Fruit shape
(Figure 7)



Fruit width



Fruit length



Fruit size



Fruit stalk length



Fruit removal force



Fresh fruit color



Dry fruit color
(Figure 8)
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Oval
Elliptic
Overall
Partite
Overall + partite
Light green
Green
Dark green
Unindent
Slightly indent
Deep indent
Inverted V-shape
M-shape
 
Pointed
Dagger shape
Inverted V
Bump
Sword
Irregular bump
Coarse notch
Saw
Short
Medium
Long
Thin
Medium
Thick
Unfertile
Oval
Short cylindrical
Long cylindrical
Unfertile
Small
Medium
Large
Unfertile
Short
Medium
Long
Unfertile
Small
Medium
Large
Unfertile
Short
Medium
Long
Unfertile
Easy
Slightly hard
Hard
Unfertile
WhiTe
Pinky
Purple
Black
Unfertile
Whity-Yellow
Brown-Yellow
Dark brown
Black
 
Unfertile
Sweet
Slightly sourish
Sourish
Unfertile
Low
Medium
High
Unfertile
Low
Medium
High



 

Fresh fruit taste



Fruit acidity



Fruit WSDM content
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Drying efficiency



Must yield



Flower pattern
(Figure 9)



Male flower size



Female flower size



Number of seeds



Female flower blooming



Harvest



Unfertile
Low
Medium
High
Unfertile
Low
Medium
High
Monoic
Dioic
Hermaphrodite
Monoic + Hermaphrodite
Dioic + Hermaphrodite
Absent
Small
Medium
Large
Absent
Small
Medium
Large
Seedless
Low
Medium
High
Early
Medium
Late
Unfertile
Early
Mid-season
Late
Unfertile
Short
Medium
Long

Fruiting duration

(+) : See the supplementary figures below for these characteristics.
(*) Orhan [4] was used to determine these characteristics.
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The present study was conducted to determine
cultivar characteristics to be used in species identification in mulberries. With the aid of characteristics measured in this study, “Mulberry Cultivar
Characteristics Document” including 36 characteristics was generated. This is the first and initial
document prepared for mulberry plants. Mulberry
genotypes exhibited a broad variation in tree, leaf,
flower and fruit characteristics. The “Mulberry
Cultivar Characteristics” document should be reconsidered and developed for every mulberry
species.
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Renal cancers are the third most common urogenital cancer after prostate and bladder cancer.
Clear Cell RCC accounts for roughly 70% of all
renal malignancies and accounts for most cancerrelated deaths [1, 2]. Smoking, obesity, sedentary
life, hypertension, eating habits, occupational effects, chronic renal failure, urinary tract infection,
and family history are among the factors that play a
role in the formation of renal cancer [3-5]. The
most common type of renal cell carcinoma (RCC)
is clear cell adenocarcinoma, although it may contain many different tumor groups. Furthermore, it is
more common in males. The male/female ratio of
the disease is 3:2. The number of new patients per
year in European countries is around 30.000. RCC
is more frequently observed in elderly patients and
emerges in the 6th and 7th decades of life [6].
Methylation studies are of great importance in
cancer research in terms of providing early diagnosis possibility, classifying cancer and shedding light
on the treatment [7]. Generally, in tumor suppressor
genes, the increase in methylation is parallel with
the increase in DNMT enzymes [8, 9]. All of the
screening methods based on DNA methylation
changes are not fully ready for use due to the fact
that they have been identified with all types of
cancer-specific promoter methylation patterns and
the number of clinical studies is limited. Furthermore, since it has a low sensitivity, its use with
other diagnostic methods greatly increases its effectiveness. Although the use of hypermethylated
promoter regions as a tumor marker is not a routine
method, it is suitable in many respects. In the majority of cancer types, CpG island hypermethylation
is specific to the tumor type. In addition, since
promotor hypermethylation occurs in the early
period of cancer, it provides early diagnosis possibility [10].
E-cadherin (ECAD) is a member of the transmembrane glycoprotein family localized in 16q2.3.
ECAD regulates cell-cell interaction in the presence
of Ca2+ ion. It plays a role in cell migration and cell
accumulation which are important for morphogenesis during development. It is associated with cytosolic proteins such as β- and γ- catenin. In recent

Clear cell renal carcinoma is one of the most
common sub-types of renal cell cancer. Methylation
is the leading type of epigenetic changes. Many
studies in the field emphasized that hypermethylation of some genes is efficient on the formation of
many cancer types. In this study, the aim is to analyze DNA methylation, one of the epigenetic
changes in the ECAD gene of renal cell carcinoma
(RCC) patients, and to determine the relations by
comparing the present epigenetic features with
clinic-pathologic parameters.
Studies were organized in two groups: a control group with 153 individuals and a patient group
with 113 individuals. The methylation of blood
samples was determined by displaying in the gel
after methylation specific PCR (MSP) steps. Some
descriptive statistics and Wilcoxon, Correlation and
Logistic Regression analyses were performed using
SPSS. As a result of this study, it was found out
that the probability of the occurrence of this disease
was 5 times higher in people who have methylation
in their ECAD genes than those who have not.
Furthermore, it was observed that women are 4.253
times more likely to have disease compared to men.
This research is a very important and fundamental
study on the diagnosis and treatment of CCRCC
disease in terms of the effect of epigenetic mechanisms such as methylation analysis.



*)!$%
Cancer, ECAD, Hypermethylation, MSP, CCRCC.
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In every part of the world, many high-budget
studies have been conducted on cancer. However, a
disease cannot be totally enlightened despite great
advancements in science and technology. Cancer,
affected by environmental factors, is a process
formed by the results of genetic and epigenetic
changes.
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used. As a result of the application of bisulfite modification, 5-methylcytosine remained unchanged,
while all unmethylated cytosines were transformed
into deaminated and sulfonated uracil. Isolated
DNA was used in the modification protocol as 1 µg
per reaction.
After bisulfite modification, the amplification
of the ECAD gene was performed using Chemicon
CpG WIZ E-cadherin (Cat.No.S7804, Millipore,
USA) amplification kit. The amplification gene
region GenBank Accession Number for the Ecadherin gene is L345452. Three types of primers
including U, M, and W were used. U primer was
used for unmethylated DNA, M primer was used
for methylated DNA, and W primer (wild type) was
used for the demonstration of the results of methylated or unmethylated chemical reaction.
The total volume was set to 10.0 μL, including
PCR components, 1 μL 10X Universal PCR buffer,
1 μL 2.5 mM dNTP Mix, 0.4 μL U, M and W primers, 0.16 μL (1 Unit) "hot start" enzyme (5 U/μL),
5.44 μL dH2O, 2.0 μL Template DNA (50 ng/μL).
Optimize PCR cycling conditions - typical
conditions are 95 °C for 5 min for initial denaturation, and 35 cycles of 45 sec at 95 °C for denaturation, 45 sec at 55-60 °C (for U and M bands, Tm:
55 0C, and for W band Tm: 60 0C) for annealing, 60
sec at 72 °C for elongation, ending with 72 °C for 5
min for final elongation and cooled to 4 °C.

0=0;748,=498 91 =30 0=3B6,=498 ";91460
The products provided from MSP were run for 30
minutes, at 120 V and in 2% agarose gel as U, M,
and W, respectively, for each patient and control
group samples (Cleaver scientific, Ltd, UK), and
the results were evaluated in the gel imaging device
(MRC, ISRAEL). The sizes of the regions reproduced with U, M and W primers for the ECAD
gene are 212, 206 and 194 bp, respectively. 2%
agarose gel was prepared in a gel medium containing 2% agarose, containing 1xTBE (0.089 M Trizma base (Sigma, T8524, GERMANY), 0.089 M
Boric Acid (Ampresco, 2937B005), 0.002 M EDTA
(Sigma, E5134)), and 0.1 μg/μL Ethidium bromide
(Applichem, 5C000913, GERMANY). The fragments obtained from loading the PCR products to
the agarose gel are presented in Figure 1.

%=,=4<=4.,6 8,6B<0< The methylation data
and BMI, age, gender, etc. data of the individuals
obtained in the study were entered in IBM SPSS
version 22.0 packaged software, and descriptive
statistics were determined. The results were also
examined by Wilcoxon, correlation and logistic
regression analyses.






years, E-cadherin has been found to function as a
tumor suppressor or invasion suppressor molecule
[11]. Loss of E-cadherin expression leads to an
increase in the metastatic potential of tumors [12].
Reduced E-cadherin expression supports malignant
transformation, tumor invasion, and metastasis. In
some cell lines, a mutual relationship was observed
between E-cadherin expression and invasiveness
ratios [13]. At the same time, E-cadherin expression
decreases tumor grade and phase [14]. It has been
emphasized that in cancer types such as colon,
liver, bladder, prostate cancers, increased methylation occurs in the E-cadherin promoter region,
leading to decreased E-cadherin expression [15,
16].
It has been shown in studies that E-cadherin
methylation increases in renal cell carcinoma formation and its metastasis, and the decrease in its
expression is important [17, 18]. The fact that Ecadherin expression decreases in epithelial tumors
and E-cadherin/β-catenin complex functions in Wnt
signaling pathway leads to disorders in events such
as cell-cell adhesion, cellular polarity, tissue regulation, and events such as tumor development and
tumor metastasis. It has been emphasized that Ecadherin promotes tumorigenesis by releasing
membrane-dependent β-catenin and strengthening
Wnt signaling pathway [13].


&$% &!%

9660.=498 91 <,7:60< Blood samples were
collected from RCC patients between 2012 and
2015 after the approval of the Local Ethics Committee (Ethics Committee No: 2014-11/01). The
study population consisted of 153 individuals in the
control group and 113 individuals in the patient
group.

08974.   4<96,=498 Total genomic
DNA acquisition was provided from blood tissue
for each sample. Total genomic DNA isolation was
performed from blood samples belonging to individuals in the patient and control groups using spin
column kits (Blood Extraction Kit, Qiagen, GERMANY). The obtained DNA samples were stored at
-20 °C.

0=0;748,=498 91 =30 ">;4=B ,8/ #>,8=4=B
91 The obtained genomic DNA samples were
analyzed using a DeNovix Nanodrop spectrophotometer (DeNovix Inc., USA). The quality and
quantity of DNA were analyzed by measurements
at 260 nm, 280 nm, and 230 nm. DNA quantities
were attempted to be adjusted as 50 ng/ µL.

0=3B6,=498 ,8,6B<4< In the study, ECAD
gene Millipore CpGenome Universal DNA Modification Kit (Catalog no. S7820, Millipore, USA) was
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group was 156.9 cm, while the mean height of the
participating men was 170.1 cm. The overall weight
mean of the participants in the control group was
78.7 kg. The weight of the lightest participant was
50 kg, and the weight of the heaviest participant
was 113 kg. According to gender, the mean weight
of the participating women was 75 kg, while the
mean weight of the participating men was 79.2 kg.
In the patient group, the overall weight mean of the
participants was 80.7 kg. In the patient group, the
weight of the lightest participant was 50 kg, and the
weight of the heaviest participant was 110 kg. The
mean body mass index of the participants in the
control group was 27.1. The lowest body mass
index was 17.9, and the highest body mass index
was 43.7. When grouped according to gender, the
mean body mass index of women was 29.4, while
the mean body mass index average of men was
26.8. In the patient group, the overall mean body
mass index of the participants was 31.4. The lowest
body mass index was 21.4, and the highest body
mass index was 45.79. While the mean body mass
index of women in the patient group was 31.8, the
mean body mass index of men was 31.4. Upon
looking at the gender distribution of the control
group and the patient group, 11.8% of the participants in the control group were women and 88.2%
of them were men. In the patient group, 42.5% of
the participants were women, and 57.5% of them
were men (Table 1).

After the MSP process, some of the electrophoresis images for the PCR products are presented
in Figure 1. Each sample was amplified separately
with methylated primer, unmethylated primer, wild
primer, and comparative images were obtained by
loading 3 types of PCR products side by side on the
same gel. The mean values of the experimental
group and control group individuals were determined with the help of descriptive analyses of the
individual data (Table 1).
The mean age of the participants in the control
group was 56.5 years. The age of the youngest
participant was 15, and the age of the oldest participant was 92. According to gender, the mean age of
women was 53.8, while the mean age of men was
56.9 years. In the patient group, the mean age of the
participants was 60.6. The age of the youngest
participant was 28, and the age of the oldest participant was 78. The mean height of the participants in
the control group was 170.6 cm. The length of the
shortest participant was 148 cm, and the length of
the tallest participant was 187 cm. The mean height
of the participating women was 159.9 cm, while the
mean height of the participating men was 172 cm
and the overall height of the participants was 163.3
cm. The height of the shortest participant was 141
cm and the height of the tallest participant was 180
cm. The mean height of the women in the patient
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Of the 113 patients included in the study,
59.3% had methylation in the ECAD gene promoter
region, while the promoter region of 40.7% was
unmethylated. In the control group, 22.9% of 153
individuals had methylation in the ECAD gene
promoter region, while the promoter region of
77.1% was unmethylated. The Wilcoxon test was
used to determine whether there was a significant
difference between the observed values of the two
variables, and some conclusions were reached
about the relationship between the methylation of
gene regions and the disease. This test, which is
among the nonparametric tests, has been developed
to control the difference between the variables [19].
In terms of the patient and control groups, the  
   values were found to be 1.887 and 0.303,
respectively, while the    values were found
to be 0.383 and 1.304, respectively (Table 2). According to the Wilcoxon test results, the methylation rates in the ECAD gene of the participants in
the patient group and the methylated and unmethyl-

ated band rates on the ECAD gene of the participants in the control group showed a statistically
significant difference (z = -5, 515, p< 0.05) (Table
3). On the other hand, there was no significant
correlation between the patient group and the control group in terms of methylation rates in the
ECAD gene (p=.320 p>0.05) (Table 4).
On the other hand, the correlation analysis was
conducted to see the relationships between the
variables. The simple correlation between the patient group and gender, age, weight, body mass
index, tumor diameter,  gene methylation is
shown in Table 5. As seen from the simple correlation coefficients, there is a significant, positive and
moderate correlation between the patient’s tumor
diameter and the patient's gender (r=0.232, p<0.05),
while there is a significant, positive and strong
correlation (r=0.361, p<0.05) between the patient’s
 gene methylation and the patient’s weight
(Table 5). No significant correlation was found
between the other parameters.
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79.4%
RG: Reference Group, *: significant at the 95% confidence level, **: significant at the 99% confidence level

study, as the Hosmer-Lemeshow (H-L) test chisquare value was found to be 4.422 and p=0.817, it
can be said that the logistic regression model made
a good prediction of whether or not the patient has
the disease. According to this, the male gender was
taken as the reference group in the gender independent variable added to the model. The finding of
β=1.659 and Exp (β)=5.253 related to this variable
was reached. When the value of 1 is subtracted in
order to convert the value of Exp(β) to the odds
value, it is observed that the odds value for gender
is 4.253. In the interpretation of this value, it can be
said that the probability of women having the disease is 4.253 times higher than that of men (reference group). As the p-value of the age variable is
0.066>0.05, it can be said that the age variable does
not have a statistically significant effect on the
presence or absence of the disease. In terms of the
body mass index, β=0.183 and Exp(β)=1.200 were
found. Because it is a metric variable, the finding of
(1.200-1) x 100=20% was reached according to the
expected change formula, and it can be said that a 1
unit increase in the body mass index increases the
probability of having the disease by 20%. In terms
of the ECAD categorical variable, β=1.792 and
Exp(β)=6.003 were found. According to the results
of the analysis in which the unmethylated group
was taken as the reference variable, the odds ratio
was found to be 5.003, and it can be said that individuals with the methylated ECAD gene are approximately five times more likely to have the
disease than those with the unmethylated ECAD
gene (Table 7).

The simple correlation between the control
group and gender, age, weight, body mass index,
 gene methylation is shown in Table 6. There
is a significant, negative and weak correlation between the body mass index in the control group and
the gender in the control group (r=0.198, p<0.05),
while there is a significant, positive and moderate
correlation between the body mass index and the
age (r=0.288, p<0.01), and there is a significant,
positive and strong correlation between the body
mass index and the weight (r=0.826, p<0.01) (Table
6). No significant correlation was found between
the other parameters.
Logistic regression analysis was performed in
order to determine the degree of significance found
with the Wilcoxon test between the patients and the
control group. Values including the coefficients and
odds ratios for the independent variables obtained
by logistic regression analysis are shown in Table 7
for both dummy variables and original values. The
Wald statistics used in logistic regression analysis
are a test that shows whether the coefficients of the
independent variables are significant [20], and
according to the coefficients of the independent
variables, it is observed that gender, body mass
index,  variables have a statistically significant effect on the dependent variable of having the
disease, but the age variable does not have a significant effect. The Hosmer-Lemeshow test is called
the chi-square goodness of fit test and shows that
the actual model has been accurately predicted by
the estimated values or that the actual and estimated
values have been compatible [20]. In terms of the
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nosis and treatment of the disease. On the other
hand, it is also important to determine the differences between the early period patients and advanced period patients by making a grouping according to the cancer phase of the individuals in the
patient group in order to the clarify the subject.
Again, it would be appropriate to support the methylation findings obtained with a gene expression
study. Furthermore, the comparison of the methylation results obtained from blood samples with the
methylation results to be obtained from tumor tissues should also be investigated in future studies.
This study has become an important and fundamental study in terms of showing the effect of epigenetic mechanisms such as methylation analysis for the
diagnosis and treatment of clear cell renal carcinoma disease. By contributing to the available literature in this field, it will be enlightening in the planning of new and different studies.


 !) &%

When we make an evaluation in the light of
this information, 59.3% methylation was observed
in the ECAD gene in the patient group, and this rate
was 22.9% in the control group. Roughly, the
methylation rate in the patient group is observed to
be significantly higher compared to the control
group. It also had a statistically significant correlation when examined with the Wilcoxon test. In
other words, there is an increase in the methylation
in the ECAD gene in individuals who have this
disease. It can be concluded that there is a relationship between this disease and ECAD gene methylation. According to the correlation test, no significant correlation was found between the patient
group ECAD gene and the control group ECAD
gene. In other words, the two parameters are not
correlated. However, according to the results of the
logistic regression analysis, the probability of individuals with the methylated ECAD gene having the
disease was found to be about 5 times higher than
those with the unmethylated ECAD gene. Therefore, methylation in this gene increases the disease
by 5 times. According to the results of the logistic
regression analysis, it was found out that women
were approximately 4.253 times more likely to have
the disease than men. No significant relationship
was found between the age and the disease. When
the body mass index is examined, it can be said that
each unit increase causes the probability of the
disease to increase by 20%. As is evident from the
percentages obtained, there is a significant increase
in the percentage of methylation observed in the
patient group, although not substantially. However,
no effective results could be seen to enable the use
of methylation conditions in the diagnosis of the
disease. Of course, more than half of the people
with the disease have methylation in this gene. This
ratio is higher when compared to people who do not
have the disease, but it cannot be emphasized that
this disease is closely related to methylation in this
gene and it is important enough to be used in
diagnosis.
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Fresh and processed tomatoes are low-fat and
low-calorie foods free of cholesterol. They are also
rich in fiber, vitamins A, B1, B2, C and K, niacin,
ß-carotene, lycopene, potassium, calcium, iron.
Therefore, they are classified among healthy foodstuffs [2].
Tomato fruits are composed of water, organic
and inorganic substances. The portion left after the
removal of the water is defined as dry matter [3].
Majority of tomato fruits is composed of water.
Although varied with the cultivars, a full-ripe tomato has an average water content of about 94%, partially determined by growing conditions and ecological factors [4].
Lycopene is a carotenoid responsible for red to
pink color seen in tomatoes. Lycopene contents of
tomatoes were reported as between 2.5 - 200 mg /
100 [5;6;7] and generally varied between 3.1 – 7.74
mg / 100 g [8]. Tomato fruits contain slight quantities of β-carotene [9]. According to [10], 100 g
tomato fruits had lycopene contents of between
0.72 - 20 mg and such a quantity corresponded
about 30% of total carotenoids in plasma. The other
compounds exist in tomato fruits include flavonoids, folic acid and vitamin E [11;12]. Tomatoes
were reported either not to have any antioxidant
activities or behaved as pro-oxidant [13;14].
Epidemiological studies revealed negative correlations of tomato consumption with the risk of
cancer and cardiovascular diseases including stroke
[15]. Lycopene, the primary pigment responsible
for typical dark red color of ripened tomato fruits, is
a natural antioxidant preventing the risks of cancer
and heart diseases [16]. Apart from nutrients, color
and taste, tomatoes are also valuable sources for
antioxidants or chemical protective compounds,
therefore they are also called as “functional food”
[17].
Tomato phenols have pharmacological impacts on human metabolism and they mostly have
healing effects on metabolism. These compounds
have vasoconstrictive effects and may prevent heart
spasms. Phenols with their antioxidant effects are
also health-protective compounds. In general, phenol-rich plants are more resistant to fungus, bacteria, virus and etc. pathogens. Phenols increase cinnamic and p-coumaric acid quantities in wounded
or contaminated sections [18].

As a common practice in vegetables, breeding
programs designed to develop F1 hybrids mostly
focused on yield and disease and pest resistance in
tomatoes. However, breeding programs are prioritizing fruit quality attributes to satisfy consumers
in. To stay competitive in ever changing markets,
seed companies take fruit quality criteria into consideration as yield increase leveling off for hybrid
tomato. Therefore, the study was designed to develop new tomato lines with superior fruit quality.
Advanced tomato lines resistant to tomato yellow
leaf curl virus (TYLCV), tomato spotted wilt virus
(TSWV), root-knot nematods (Mi), 
 (Va),  oxysporum (  Frl.
and  # I-1, I-2, I-3) and powdery mildew
(ol-1, ol-2) were used as the plant materials. The
102 tomato genotypes suitable for autumn-spring
cultivation were assessed for fruit quality parameters replicated in time and space in greenhouse
trials . The 33 of advanced tomato lines exhibited
relatively superior quality attributes for one or more
traits measured. Based on parental line results,
compatible lines for fruit quality were crossed,
resulting with 12 hybrids with commercial level
competitive advantage. Four of the 12 hybrids that
combined fruit quality with yield and disease resistance were especially found to be highly completive in fresh market tomato market.


+*"%&
Tomato, Breeding, Nutritional Values

!'%"('"!
Tomatoes are tasty, healthy and to crown it all
cheap fruits, thus they are among the highly cultivates and consumed vegetables worldwide. Tomatoes are quite rich in some vitamins and several
minerals. Since they can be grown out of season,
tomatoes are available in markets all year round.
Tomatoes are also processed into tomato paste,
puree, sauce, tomato juice, canned tomato, dry
tomato and ketchup, processes increasing the value
of tomatoes [1].
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Among the tomato types, cherry or small and
cocktail-type tomatoes are the richest ones in lycopene and antioxidant activity [19, 20]. Tomato flesh
color ranges between pink and dark red. Light tones
generally have low antioxidant concentrations and
dark tones have greater antioxidant concentrations
[21, 22]. Green tomatoes have quite lower antioxidant contents than the full-ripe red tomatoes [23].
In brief, red types have greater lycopene contents
than the yellow, orange and black types [24].
From past to present, the targets of tomato
breeding works can be summarized under four
stages: for yield in 1970s, shelf-life in 1980s, taste
in 1990s, and nowadays mostly for nutritional values and quality attributes [25, 26]. Recent studies
focus on fruit quality attributes, genetic control of
ripening process and soluble solids content [27].
While yield and resistance to disease and pests
carries utmost importance, the priority in development of tomato F1 hybrids with desired fruit quality
attributes in line with the consumer demands have
become the primary targets in recent years. the
objective of present study was to develop new tomato lines / hybrids with superior quality attributes
for fresh tomato market.


'%&! '"&

Seed sowing, seedling plantation and harvest dates
of 4 experiments are provided in Table 2. Standard
care practices were performed in seedling
growth [9].

' 
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Advanced Lines
Total number
Number of lines
Repeated in 2011-2012
Controls

Hybrids



Advanced tomato lines resistant to TYLCV
(Ty-1 and Ty-3) (), TSWV (Sw5) (), nematode
(Mi),   (Va),   (Frl), FOL (I2, I-3) and powdery mildew (ol-1, ol-2) were used
as the plant material of the study. The tomato genotypes and F1 hybrid cultivars developed by Bircan
Seeds Co. were used in 4 different experimental
series using a randomized complete block design
with three replications established in spring and
autumn periods of 2010-2011 and 2011-2012. The
genotypes used in the experiments are provided in
Table 1.
A total of 278 genotypes were used in spring
and autumn experiments of 2010-2011 periods. The
same genotypes were used in both experiments of
2010-2011 period. Similarly, the same genotypes
were used in both experiments of 2011-2012 period. In other words, spring and autumn experiments
of 2010-2011 and 2011-2012 periods were identical. All genotypes were used in experiments of
2010-2011 period, but the number of genotypes was
reduced to 94 in 2011-2012 period based on the
findings of 2010-2011 period.
In 2010-2011, two different experiments were
set up with all genotypes of single-harvest autumnspring Beef and Cherry pole tomato groups. In
2011-2012 period, another set of experiments were
performed to test the genotypes selected from autumn-spring tomato groups. In 2011-2012 growing
season, F1 hybrids and their parents obtained in
autumn-spring groups were also experimented.

Autumn Spring
Genotypes
GB 1 to GB 102
102
33
NEWTON F1
BERİL F1
MALİKE F1
GB 51 × GB 3
GB 36 × GB 41
GB 100 × GB47
GB 51 × GB 2
GB 34 × GB 20
GB 62 × GB 1
GB 29 × GB 48
GB 63 × GB 26
GB 24 × GB 98
GB 11 × GB 71
GB 66 × GB 22

' 
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+0,<=
20102011
20112012

<9A482
&0,=98
Spring
Autumn
Spring
Autumn

&00/&9A482
,>0
27.01.2010
17.08.2010
20.02.2011
28.08.2011

#6,8>,>498
,>0
02.03.2010
12.09.2010
24.03.2011
23.09.2011

,<@0=>
,>0
10.06.2010
11.01.2011
25.06.2011
11.01.2012

In greenhouse experiments, seedlings were
planted at 130 × 70 × 40 cm spacing to have 10
plants in each replication. Experiments were conducted in a randomized complete block design with
3 replications. Chemicals were applied against
whitefly and red spider mite pests,  and
powdery mildew diseases. Soil analyses were performed and fertilizers were applied at recommended doses. Potassium nitrate, magnesium sulphate,
calcium nitrate, MAP, MKP and trace element
fertilizers were used.
Based on the results of the experiments conducted in autumn of 2010-2011 period, the parental
genotypes were determined and the hybridizations
were performed in spring of 2011 growing season.

$?,64>C,8,6C=0=Fruits of 278 genotypes belonging to 4 tomato groups grown in 2010-2011
period were harvested when the fruits reached to
full maturity (2nd and 3rd cluster) from each replication separately. Samples were analyzed for quality
attributes at laboratories of Horticulture Department, Ege University, Izmir, Turkey. Fruit color
was analyzed with a colorimeter (Minolta CR-300,
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Japan). Fruit firmness was measured with a penetrometer (Effegi FT 011, Italy) by using 8 mm
cylindrical penetrating tip from both sides of equilateral section of the fruits. Results were expressed
in Newtons (N). Water-soluble dry matter (WSDM)
contents were determined with a digital refractometer (Atago PAL-1, Japan). Results were expressed
in percentages (%) [28]. Titratable acidity (TA) was
determined as the amount of NaOH used to titrate
(with 0.1 N NaOH) the fruit extract to a pH of 8.1.
Results were expressed in g citric acid / 100 ml
[28]. Ripening index was calculated as the ratio of
WSDM / TA [28;29]. The pH was measured with a
digital pH meter (Mettler-Toledo MP220, Sweden)
[9]. For dry matter analyses, tomato fruits were
sliced and weighted. Then they were dried in an
oven at 65°C and dry weights were determined. Dry
matter contents were calculated as % by using fresh
and dry weights [30]. Vitamin C contents were
determined in a spectrophotomer (Varian Bio 100,
Australia)
with
titrimetric
method
(2,6dichloroindophenol) [30] at 518 nm wave length
and results were expressed in mg vitamin C / 100 g
fresh weight. Total phenolics were determined in a
spectrophotometer (Varian Bio 100, Australia) with
modified Folin-Ciocaltaeu calorimetric method
[31]. Antioxidant activity was determined with the
method of Ferric Reducing Antioxidant Power
(FRAP) and results were expressed in μmol trolox
equivalent (TE) /g fresh weight (FW) [32].
Experimental data obtained from spring and
autumn experiments of the 2010-2011 and 20112012 periods were subjected to variance analysis in
accordance with simple factorial experimental design with 3 replications. Significant means were
compared with Duncan’s multiple range test.

Pearson correlation analysis was performed
for the traits investigated in spring and autumn
experiments of 2010-2011 period and correlation
coefficients were calculated accordingly. Statistical
analyses were carried out with IBM® SPSS® Statistics 19 (IBM, NY, USA) software.
Heterosis values in F1 hybrids obtained
through hybridizations were determined based on
parent averages in accordance with [32, 33]. Significance of the heterosis of F1 hybrids as compared to
their parents was assessed with the t-test as recommended by [34].
%&('&!&(&&"!

The spring and autumn experiments were performed in 2010-2011 and 2011-2012 growing seasons. In spring and autumn experiments of 20102011 period, 102 genotypes selected from Bircan
Agricultural Genetic material were used. Following
the assessment of the tomato lines used in 20102011 experiments with regard to fruit quality attributes, 33 genotypes were selected as promising ones
and used for further studies. In addition to fruit
quality, the market demands and consumer preferences were also considered in the selections.
Over 2000 data were obtained for each quality
attribute of tomato samples taken from two experiments of both growing seasons and used to investigate the correlations between quality attributes. The
highest correlation was between dry matter and
WSDM. The correlation coefficient between these
two parameters was =0.91 ($). The scatter
plot for dry matter and WSDM generated with 2323
data is presented in Figure 1.
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Similar highly positive correlations were also
WSDM is a significant parameter especially
observed between total phenols and WSDM
for industrial-type tomatoes. outworking with in(=0,810; $); citric acid and pH (=-0,749;
dustrial tomatoes, [37] reported WSDM contents of
$); total phenols and antioxidant activity
6,0 to 7,5%; [38] 5,0 to 5,7%; [39] 4.20 to 4.60%;
(=0,773; $); total phenols and dry matter
[18] 3,6 to 6.1%. WSDM contents of fresh market
(=0,758; $); antioxidant activity and
tomatoes are generally lower than that of industrialWSDM (=0,752; $); antioxidant activity
type tomatoes.
and dry matter (=0,687; $); and between
Following the assessment of lines grown in
citric acid and WSDM (=0,679; $). Results
2010-2011 period, 33 of 102 autumn-spring tomato
confirmed strict correlations among WSDM, dry
lines were selected for 2011-2012 period. The sematter, antioxidant activity and total phenols [35].
lected lines (33) showed better quality attributes
Contrary to earlier reports [35;36], the correlathan the control F1 hybrids (Newton F1, Beril F1
and Malike F1).
tions between fruit flesh firmness and dry matter or
The selected genotypes sustained their superiWSDM were not significant. .
or characteristics in spring and autumn experiments
The statistical analysis and results for quality
of 2011-2012 period. For instance, GB 51 was
attributes belonged to 2010-2011 period are preprominent with fruit color, firmness, WSDM, vitasented relative to the control treatments (Table 3).
min C and dry matter content both in 2010-2011
The 102 lines exhibited significant differences
and 2011-2012 experiments. Similarly, the genofor fruit quality attributes (Table 3). Overall fruit
type GB 3 had high values of fruit firmness, vitaquality were significantly greater in spring than in
min C, WSDM and dry matter content in both
autumn. Citric acid, pH, fruit firmness, a*/b*, L*
years. In 2011-2012 experiments, greater TA, fruit
and C* values were greater in spring experiments
firmness and a*/b* values were observed in spring
than in autumn experiments. Observed differences
season, attributable to environmental differences
in fruit quality attributes of spring and autumn
[26]. In 2011-2012 experiments, WSDM contents
experiments may be attributed to differences in
varied between 3,37 - 5,57% in autumn, and 3,47 climate parameters, especially light intensity [9].
4,87% in spring experiments (Table 4). Similarly,
The WSDM contents of the lines varied bedry matter contents varied between 4,28 - 6,72% in
tween 3.23 – 5.03% in spring and between 3.02 –
spring and 3,93 - 7,02% in autumn experiments,
5.10% in autumn (Table 3). Dry matter (DM), an
similar to previous reports [37, 38, 39]. 
indicator of WSDM, values varied between 3.35 –

6.52% in spring, and between 3.66 – 6.34% in
autumn.
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Fruit firmness (Newton)
Dry matter (%)
WSDM (%)
TA (g/100ml)
pH
WSDM / TA
Vitamin C (mg/100 g)
a*/b*
L*
C*
ho

17,49 - 27,92
3,35 - 6,52
3,23 - 5,03
0,205 - 0,495
4,57 - 5,19
8,57 - 19,4
8,67 - 23,73
0,386 – 1,102
39,67 - 51,95
22,32 - 44,39
42,44 - 68,93

Fruit firmness (Newton)
Dry matter (%)
WSDM (%)
TA (g/100ml)
pH
WSDM / TA
Vitamin C (mg/100 g)
a*/b*
L*
C*
ho

18,47 - 27,85
3,66 - 6,34
3,02 - 5,10
0,205 – 0,475
4,39 - 4,85
9,48 - 19,69
9,7 - 25,1
0,281 – 0,735
41,43 - 50,15
25,94 - 42,78
53,68 - 74,41

98><96


0,8

22,30 ±1,85
4,93 ±0,51
4,08 ±0,40
0,302 ±0,06
4,86 ±0,11
13,90 ±2,54
13,46 ±2,54
0,758 ±0,10
46,34 ±2,04
34,37 ±3,46
53,04 ±3,53

21,85 ±1,71
5,36 ±0,60
4,14 ±0,42
0,292 ±0,06
4,62 ±0,10
14,56 ±2,53
15,06 ±3,05
0,630 ±0,07
46,20 ±2,16
33,09 ±3,85
57,90 ±3,07

&428414.,8.0
60@06

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

!0A>98 

0<46 

,6450 

24,27
4,86
3,93
0,26
4,88
15,07
13,27
0,75
45,4
32,97
53,28

22,2
4,73
4,03
0,34
4,67
11,76
12,77
0,79
45,21
32,57
51,69

22,15
5,70
4,60
0,312
4,96
14,76
10,90
0,656
39,67
32,80
56,73

23,18
4,5
3,70
0,250
4,70
14,78
13,7
0,584
46,14
31,97
59,74

22,00
5,19
3,90
0,329
4,51
11,85
15,33
0,590
45,21
34,06
59,50

18,83
6,21
4,83
0,269
4,66
17,98
16,4
0,644
43,80
29,69
57,21

WSDM: Water-soluble dry matter; TA: Titratable acidity; a*: Color change from green to red; b*: Color change from yellow
to blue; L*: Color brightness-darkness.
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Fruit firmness (Newton)
Dry matter (%)
WSDM (%)
TA (g/100ml)
pH
WSDM / TA
Vitamin C (mg/100 g)
a*/b*
L*
C*
ho
Total phenols
Antioxidant activity

14,38 - 30,43
4,28 - 6,72
3,47 - 4,87
0,264 - 0,488
4,47 - 4,90
8,62 - 15,09
3,60 - 15,77
0,526 - 0,831
42,04 - 49,02
30,64 - 44,39
50,28 - 62,30
19,58 - 33,63
1,43 - 3,10

Fruit firmness (Newton)
Dry matter (%)
WSDM (%)
TA (g/100ml)
pH
WSDM / TA
Vitamin C (mg/100 g)
a*/b*
L*
C*
ho
Total phenols
Antioxidant activity

16,60 - 40,41
3,93 - 7,02
3,37 - 5,57
0,246 - 0,601
4,35 - 4,91
8,31 - 19,02
8,01 - 19,51
0,350 - 0,604
41,64 - 52,77
33,63 - 44,16
58,88 - 70,72
19,37 - 33,50
1,64 - 3,15

98><96


0,8


24,12 ±2,85
5,87 ±0,47
4,12 ±0,37
0,353 ±0,06
4,65 ±0,11
11,95 ±1,75
9,42 ±2,52
0,704 ±0,06
44,76 ±1,53
35,98 ±3,02
54,94 ±2,40
23,81 ±2,90
1,84 ±0,32

23,78 ±4,44
5,80 ±0,62
4,44 ±0,50
0,342 ±0,07
4,69 ±0,14
13,45 ±2,55
12,93 ±2,65
0,486 ±0,06
46,65 ±2,16
38,80 ±2,91
64,13 ±2,64
26,26 ±2,97
2,41 ±0,37

&428414.,8.0
60@06

$
$
$
$
$
$
$
$
$
$
$
$
$

!0A>98 

0<46 

26,54
5,40
3,60
0,297
4,67
12,23
7,03
0,663
44,17
34,66
56,46
28,12
1,50

26,23
5,62
3,67
0,396
4,53
9,40
7,43
0,711
43,74
34,27
54,63
29,63
1,55

20,34
6,14
4,37
0,298
4,75
14,69
8,27
0,679
43,21
32,57
55,82
20,75
1,89

23,45
5,74
4,06
0,313
4,56
12,97
10,54
0,378
46,34
34,65
66,34
24,34
2,37

23,39
5,85
4,07
0,403
4,47
10,15
10,84
0,458
45,44
34,95
65,42
25,28
2,54

19,58
7,02
5,30
0,309
4,84
17,17
13,59
0,503
41,64
34,69
63,31
25,88
2,40

$
$
$
$
$
$
$
$
$
$
$
$
$

,6450 

WSDM: Water-soluble dry matter; TA: Titratable acidity; a*: Color change from green to red; b*: Color change from yellow
to blue; L*: Color brightness-darkness.
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  G
  F
  G
  F
  G
  F
 G
!0A>98 
0<46 
,6450 

4,83
4,60
4,70
4,00
4,67
3,93
4,47
4,53
3,93
4,03
4,00

5,82
5,58
5,44
5,07
5,48
4,48
5,05
5,24
4,86
4,73
4,84

0,415
0,240
0,430
0,269
0,460
0,207
0,327
0,317
0,261
0,343
0,355

4,73
5,11
4,74
4,90
4,72
5,19
4,76
4,86
4,88
4,67
4,87

  F
  G
  F
  G
  F
  G
  F
 G
!0A>98 
0<46 
,6450 

4,50
4,27
4,50
3,77
4,57
3,80
4,47
4,63
3,70
3,90
4,03

6,13
5,94
5,48
5,03
5,44
5,13
5,68
6,14
4,50
5,19
5,56

0,335
0,229
0,475
0,226
0,350
0,205
0,375
0,289
0,250
0,329
0,241

4,59
4,82
4,44
4,75
4,57
4,85
4,53
4,73
4,70
4,51
4,72



089>C:0

2

'
76

:

<?4>
4<780==
!0A>98


11,64
21,71
19,17
24,47
10,94
21,67
14,89
21,43
10,14
21,74
19,02
21,62
13,66
20,45
14,31
23,45
15,07
24,27
11,76
22,20
11,27
21,33

13,43
20,23
18,63
21,74
9,48
22,16
16,63
20,82
13,06
22,42
18,53
21,61
11,93
22,20
16,03
19,61
14,78
23,18
11,85
22,00
16,75
20,82
*&  
'

)4>,748
72
2
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39

19,50
23,73
18,33
18,83
9,67
11,83
14,77
12,07
13,27
12,77
14,07

1,102
0,787
0,900
0,748
0,768
0,758
0,797
0,862
0,746
0,790
0,854

46,01
46,65
45,50
46,15
45,35
48,21
44,50
44,00
45,40
45,21
44,34

34,52
36,07
36,64
32,64
33,52
37,99
31,05
31,02
32,97
32,57
31,29

42,44
51,82
48,03
53,23
52,51
52,89
51,45
49,25
53,28
51,69
49,49

19,23
20,70
22,90
25,10
12,97
16,03
15,47
15,00
13,70
15,33
16,17

0,720
0,599
0,714
0,623
0,722
0,567
0,675
0,629
0,584
0,590
0,667

46,44
47,32
48,04
45,05
42,35
48,55
44,15
43,84
46,14
45,21
43,05

36,69
34,03
37,29
33,45
28,46
34,80
28,75
28,23
31,97
34,06
30,26

54,30
59,06
54,53
58,10
54,18
60,47
56,03
57,92
59,74
59,50
56,31

WSDM: Water-soluble dry matter; TA: Titratable acidity; a*: Color change from green to red; b*: Color change from yellow
to blue; L*: Color brightness-darkness
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4,43



0,359

4,64





10,37



44,46

36,88

52,13

 

1,73

4,63
4,23

6,49
6,20

0,474
0,291

4,51
4,89

9,76
14,56

23,55
28,25

13,63
10,10

0,831
0,625

45,31
46,80

39,06
36,37

50,28
58,07

24,37
25,11

1,97
1,96



 





4,57

10,87



13,23

0,760

44,40

36,36

52,78

22,70

1,82

4,73
3,67

6,21
5,77

0,468
0,286

4,55
4,80

10,11
12,85

23,97
20,27

13,13
14,60

0,829
0,657

45,50
44,43

38,61
34,08

50,36
56,71

28,84
23,56

3,09
2,15

4,27

5,78

0,377

4,61

11,35

 

 

0,709

43,81

35,50

54,66

23,21

1,59

4,87
3,90

6,25
5,59

0,488
0,264

4,56
4,90

9,96
14,81

20,96
24,67

9,66
6,80

0,784
0,651

42,04
47,01

31,54
40,04

51,93
56,98

23,37
24,31

1,81
1,91

 

5,91

0,376

4,59

 

 

7,83

0,731

43,24

34,43

53,84

22,49

1,69

4,13
3,83

5,56
5,60

0,343
0,415

4,62
4,47

12,07
9,24

19,01
23,14

9,77
9,77

0,707
0,595

43,46
45,76

32,83
36,90

54,74
59,26

24,12
24,82

2,79
1,68

3,60

5,40

0,297

4,67

12,23

26,54

7,03

0,663

44,17

34,66

56,46

28,12

1,50

3,67

5,62

0,396

4,53

9,40

26,23

7,43

0,711

43,74

34,27

54,63

29,63

1,55

3,47

5,10

0,309

4,58

11,37

24,43

8,47

0,751

43,79

36,39

53,10

33,63

1,70
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4,83
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0,376
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14,25

0,558

46,70

40,54

60,84

24,98

2,63

4,57
4,90

5,99
6,81

0,524
0,325

4,42
4,82

8,80
15,14

21,65
28,00

15,74
18,81

0,557
0,477

47,59
46,82

42,54
42,24

60,91
64,51

28,49
30,60

2,69
2,91

4,70

6,14

0,445

4,55

10,59

23,99

 



46,67

38,88

59,01

 

3,06

5,00
4,10

6,66
6,72

0,601
0,258

4,35
4,88

8,31
15,94

22,73
28,70

15,09
19,51

0,580
0,497

47,60
43,86

43,51
38,13

59,95
63,58

29,46
30,26

2,59
3,08

4,33

5,61

0,339

4,70

12,82

19,34

11,99

0,511

46,41

39,12

62,96

26,69

2,21

5,23
4,33

5,19
5,84

0,460
0,246

4,58
4,91

11,37
18,06

17,82
22,25

10,51
13,48

0,517
0,520

48,44
47,44

39,23
44,16

62,75
62,56

29,85
31,27

3,04
2,39

4,67

3,93

0,365

4,57



21,01

12,33

0,479

45,58

34,96

64,39

24,66

2,67

5,40
4,40

6,33
5,67

0,433
0,412

4,68
4,47

12,55
10,68

23,24
23,52

13,85
16,39

0,604
0,448

43,10
46,01

35,59
36,67

58,88
65,90

28,56
21,33

2,85
2,37

4,06

5,74

0,313

4,56

12,97

23,45

10,54

0,378

46,34

34,65

66,34

24,34

2,37

4,07

5,85

0,403

4,47

10,15

23,39

10,84

0,458

45,44

34,95

65,42

25,28

2,54

4,03

5,68

0,252

4,81

16,02

20,65

12,17

0,493

44,42

35,54

63,77

23,68

2,19



Bold numbers indicate significant heterosis values; WSDM: Water-soluble dry matter; TA: Titratable acidity; a*: Color
change from green to red; b*: Color change from yellow to blue; L*: Color brightness-darkness.



#,<08> &060.>498 48 ?>?78&:<482 '97,
>90= Among the autumn-spring genetic materials
grown in 2010-2011 period, 21 lines were selected,
and hybridized in different combinations, from
which 11 F1 hybrids were obtained. The selected
lines showed superior quality attributes. Of the 11
hybrids obtained using 21 parents, 4 were found to
be commercially competitive in the markets, a
relatively high success ratio [26;1].

Taste asssessments were made by a panel
composed of directors of Bircan Agriculture Co.,
breeders, leader farmers and brokers. Fruit quality
attributes of the parents of the hybrids are provided
in Table 5. GB 51 had quite high skin color (a*/b*
1,102), fruit firmness (21,71 N), WSDM (4,83%),
dry matter (5,82%), and vitamin C content (19,5 mg
/ 100 g) in spring experiments. Fruit quality attributes of the promising hybrids are presented in Table
6 in a comparative fashion with their parents and
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commercial cultivars.
The lines and the hybrids generally exhibited
lower values for quality attributes in autumn. However, the line GB 51 sustained high values in both
seasons, and outperformed the commercial hybrids.
The line GB 3 showed above average vitamin C
(23,7 mg / 100 g), fruit firmness (24,47 N), WSDM
(4,60%) and dry matter (5,58%) contents. Similarly,
the lines GB 34, GB 20, GB 62, GB 1, GB 29 and
GB 48 exhibited superior quality attributes especially in spring season (Table 5). In autumn experiments, however, the lines GB 34, GB 20, GB 62,
and GB 1 had superior values for various quality
traits (Table 5).
Table 6 presents fruit quality attributes of 4
commercial candidate hybrids, . in comparison with
their parents and especially with commercial F1
hybrids. These hybrids are GB 51 × GB 3, GB 34 ×
GB 20, GB 62 × GB 1 and GB 29 × GB 48.
It was interesting to see the hybrids having
mid-parental value quality attributes. Thus, a heterosis based on high-value parents was not evident.
However, heterosis generally was greater in spring
experiments, which may be explained with more
favorable climate conditions [9].
With regard to fruit quality attributes, the hybrid GB 51 × GB 3 had greater WSDM, dry matter,
citric acid, firmness, vitamin C, a*/b*, chroma and
antioxidant activity values than the commercial F1
hybrids. GB 34 × GB 20 had superior WSDM, dry
matter, citric acid, vitamin C, a*/b*, chroma and
antioxidant activity; GB 62 × GB 1 had superior
WSDM, dry matter and vitamin C, and GB 29 ×
GB 48 had superior WSDM and antioxidant activity. Especially WSDM, dry matter, chroma, antioxidant activity and vitamin C contents were remarkable in GB 51 × GB 3 and GB 34 × GB 20 hybrids.
These hybrids sustained their superior attributes
also in autumn season (Table 6), possible adaptation to both seasons.
As a result of the study, GB 51 × GB 3 hybrid
has been commercialized as 'Lita' F1
'Lita' carries resistance genes Ty-1 for 
#!    (TYLCV),  
  (TSWV) (Sw5), nematod (Mi1.2) and
 "# # (Frl.).
In this study, 102 autumn-spring genotypes
were assessed through greenhouse and laboratory
experiments and superior genotypes with regard to
quality attributes were identified. Of 102 genotypes
studied in the first year, 33 were identified as superior for one or more quality attributes. Hybridizations were performed based on the data and 4 of
these hybrids are considered to have yield, quality
and disease resistance that can compete as commercial cultivars.
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The effect of substitution of submontane beech
forest (        
Soo&Borhidi 1960.) by Lawson’s cypress
(        (A. Murr.) Parl.) on the
soil properties affecting the erodibility factor was researched on one sample plot on the mountain Veliki
Jastrebac in south-eastern Serbia. The research was
performed in the Lawson’s cypress artificially established stand aged 40 years and in the natural beech
forests on dystric cambisol. Under the effect of Lawson’s cypress and its dead organic residues, the content of total organic matter in the topsoil decreased
by 10 cm compared to that in the natural beech forest. This resulted in the decrease in stability of the
soil micro-structural aggregates and the increase in
the soil erodibility factors.

nature of the organic matter which reaches the soil
surface, and which makes up the organic horizon, are
completely changed. This leads to the establishment
of a different equilibrium state of organic matter input into the soil and its mineralization to the final
products of decomposition. This results in the
change of the content of total organic matter. Simultaneously, the species substitution also changes the
quantity of nutrients cycling in the forest ecosystem.
The change of the content of total organic matter and
its chemical nature, as well as the change in the balance of nutrient cycling in the ecosystem is also reflected on other soil characteristics. The degree of
soil change caused by the species substitution depends on the introduced tree species, site characteristics, and the duration of effect. In addition to the
changes assigned to coniferous tree species which
refer to the decrease in the soil trophicity [3, 4], in
some cases the changes resulting from the species
substitution can also be reflected in the soil properties which affect erodibility [5, 6, 7, 8].
Soil properties that determine the erodibility
factor are: the content of organic matter in the first
10 cm of the soil profile, structure, water permeability and texture composition [9]. The substitution of
species and altered chemical nature of organic matter
that comes to the soil during the period of one rotation can affect the change in almost all soil properties, on which the erodibility factor depends. The
content of organic matter and its chemical nature can
affect soil structure and it can have an impact on water permeability.


%#$ %!$

$=>.A <3=/ A sample plot was established on
Mt. Veliki Jastrebac (Figure 1) in south-eastern Serbia to analyse the changes in soil erodibility after the
substitution of submontane beech forest by Lawson’s cypress (        (A.
Murr.) Parl.) plantations.

)(!#$
Artificially established stand, beech forest, Lawson's cypress, soil erodibility

 %#!&%! 

During the nineteen seventies and partly the
eighties a common forest measure in the Republic of
Serbia was the substitution of natural autochthonous
forests with plantations of coniferous tree species.
Substitution of species was applied in cases when in
a given site a new species of trees could make better
use of the production potential of that site and
achieve greater production of wood volume than the
autochthonous species. In this case, exota were often
used for the substitution of autochthonous forests.
Litterfall represents the most important source
of organic carbon (OC) inputs to the forest floor [1]
and this signifies the most important input of total
organic matter. Different tree species can differ significantly in their influence on the chemical, physical and biological characteristics of soil [2]. When,
on a given site, an autochthonous forest is substituted
by other tree species, the quantity and chemical
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Land use:
Position in undulating to mountainous terrain:
Slope form:
Slope gradient:
Slope orientation:
Elevation:
Parent rock:
Soil type:

Artificial Lawson's cypress stand
(experimental plot)
Forest plantation
(planted)
Middle slope
Convex, straight
Steep 45-55%
South-Southeast SSE
530-580 m
Granodiorite
Cambisol Dystric

Natural beech forests
(control plot)
Natural forest and woodland
with selective felling
Middle slope
Convex, straight
Steep 43-52%
Southeast SE
540-630 m
Granodiorite
Cambisol Dystric

both in the control plot and the experimental plot.
In the sample plot, under the Lawson's cypress
plantation, there is an organic litter horizon of a
depth of 1-1.5 cm, while under the natural beech forest this horizon is thicker and reaches 2-3 cm. The
humus accumulation horizon is 9-11 cm thick in the
experimental plot, and 10-12 cm in the control plot.
Below it is a cambic horizon. In the lower part of the
cambic horizon, there is a skeleton whose volume is
estimated at about 5% of the soil volume. 
The age of Lawson’s cypress plantations, i.e.
the duration of its effect on the soil was 40 years.
Erodibility factor was calculated by Wischmeier’s
equation [9].

The sample plot consisted of two areas, an experimental plot and a control plot. The experimental
plot was the artificially established Lawson’s cypress stand, and the control plot was the natural forest of submontane beech. The control and experimental plots are side by side, and their characteristics
are given in Table 1.
According to the data of the nearest hydrometeorological station (Kruševac), mean annual air
temperature in the area is 12.0°C. The coldest month
is January with mean monthly temperature 0.8°C,
and the warmest month is July with mean monthly
temperature 22.8°C. The average sum of monthly
precipitation is 680.9 mm, of which the part amounting to 341.8 mm occurs during the growing season.

$936<+7:6381+8.+8+6A<3<The soil for laboratory analyses was sampled from four soil profiles
opened in each plot. The type of soil on the experimental and control plots is cambisol dystric. The
depth of the soil in all eight open soil profiles is 75
to 80 cm. The soil surface is without rock outcrops

K=

2,713 ⋅10−4 ⋅ (12 − OM ) ⋅ M1,14 + (S − 2) + (P − 3)
⋅ 0,1317
100

here:  = organic matter content in 10 cm of
topsoil; = soil structure code for 10 cm of topsoil,
= permeability class of the profile;  = texture
characteristics in 10 cm of topsoil; 0,1317 = an empirical factor used to convert K in customary units to
K in SI units.
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change chemical characteristics of organic residues.
The mineralization of organic matter and its transformation into humus depend on the chemical properties of organic residues. 
The most important chemical characteristics affecting the organic matter decomposition are the ratios of carbon and nitrogen (C/N), lignin and nitrogen, carbon and phosphorus (C/P), and lignin and
phosphorus [14, 15].
Leaf litter decomposition and transformation
into humus depend on climate conditions and on
chemical characteristics of organic residues [16].
The substitution of tree species on the study site
changed the litterfall chemistry, which by all means
affected the rate of organic matter decomposition to
final products and its transformation into humus.
The substitution of natural submontane beech
forest by Lawson’s cypress plantation resulted in the
establishment of a new equilibrium state of organic
matter input and decomposition in the soil. In the
Lawson’s cypress plantation, there was a statistically
substantially lower organic matter content in the top
10 cm of soil, than in the control areas in the natural
submontane beech forest (Table 2). The difference in
the organic matter content in the topsoil in natural
forest and artificially established stand was at the
significance level of 5%.

M = (silt + fine sand) × (100 - clay)
The parameters for the calculation of erodibility factors after Wischmeier’s equation were determined by the following methods:
- soil organic carbon (C) was determined by
the Thurin method, by wet combustion in the mixture of K2CrO7 and H2SO4. An empirical factor of
1.724 is used to convert organic carbon into organic
matter [10].
- soil structure code was determined by dry
sieving through a series of sieves;
- permeability class ( ) was determined by
infiltrometer in the field;
- soil texture was determined by sedimentation method using sodium pyrophosphate as a peptising agent without removing organic matter [11].
Soil erodibility factor () was converted from
a value in U.S. customary units to a value in units of
metric (t·ha·h·ha-1·MJ-1·mm-1) by multiplying by
0.1317 [12].
T-test for Independent Samples was used to determine the statistical significance of the difference
in the parameters of the erodibility factor in the soil
under natural beech forest and in the soil under the
artificially established Lawson's cypress stand.
In addition to the parameters in the
Wischmeier’s equation for the calculation of the
erodibility factor, the analysis also included stability
of microstructural aggregates by Vageler method
[13].
Degree of micro-structural aggregate stability
was calculated by equation:

Ds =

(Fp − Fnp) ⋅100
Fp

% 
!;1+83-7+==/;-98=/8=38=2/=9: -790<936
Sample
plot
1
2
3
4
Average
St. dev.

[%]

here: Ds- degree of micro-structural aggregate
stability; Fp - content of particles <0.002 mm (clay),
determinated by sedimentation method using sodium
pyrophosphate as a peptising agent; Fnp - content of
particles <0.002 mm, determinated by sedimentation
method without using peptising agent.

Natural beech
forests

3.72
3.39
4.49
4.14
3.935
0.4807

Artificial Lawson's
cypress stand

3.02
2.98
1.59
2.19
2.445
0.6863

  = 3.5565
 = 0.0120


$936=/@=>;/The soil texture in all study
plots belongs to the textural class of sandy loams.
There were no major textural differences between
the soil under Lawson’s cypress plantation and the
soil under submontane beech natural forest. The
changes in the soil texture are long-lasting soil formation processes that could not be affected by the
study species substitution. Minor differences determined in the soil texture can be assigned to the spatial variability of the soil physical properties. The
dominant fraction in the soil texture is sand. In the
soil texture characteristics applied in the equation for
the calculation of erodibility factors there were no
statistically significant differences between the soil
under natural submontane beech forest and the soil
under artificially established Lawson’s cypress stand
(Table 3).

#$&%$ $&$$! 
Soil characteristics which define the erodibility
factor are: organic matter content in the top 10 cm of
the soil profile, soil structure, permeability and texture [9].

!;1+83-7+==/;!The amount of organic
matter in soil is the result of two processes: of its input in the soil through the dead organic residues and
the loss of organic matter through its decomposition
and mineralization to the final products. The replacement of beech forest by Lawson’s cypress plantation
changed the total quantity of dead organic residues
on the soil and in the soil. In addition to the total
amount of organic matter, substitution of tree species
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%/@=>;+6-2+;+-=/;3<=3-<90038/<936<
Natural beech forests
Fine
Silt
Clay
sand
0.05-0.1 mm 0.002-0.05 mm < 0.002 mm
%
%
%
1
27.37
28.13
10.80
2
27.93
28.47
10.70
3
27.44
32.46
14.00
4
28.84
38.26
11.90
Average
St. Dev.
 =0.487546
 = 0.643173
Sample
plot

M

4950.60
5036.52
5151.40
5911.51
5262.507
440.4186

Artificial Lawson's cypress stand
Fine
Silt
Clay
sand
0.05-0.1 mm 0.002-0.05 mm < 0.002 mm
%
%
%
24.64
38.36
17.60
28.35
37.85
10.30
29.82
29.78
12.20
26.04
36.66
16.40
Average
St. Dev.

M

5191.20
5938.14
5232.88
5241.72
5400.985
358.7803

% 
+-;9<=;>-=>;+6+11;/1+=/<<3B/.3<=;3,>=398

Sample plot
F1
F2
F3
F4
Ch 1
Ch 2
Ch 3
Ch 4

Natural
beech forests

Artificial Lawson's
cypress stand



< 1 mm

23.67
18.26
17.37
11.51
35.31
11.60
18.06
12.80

1-2 mm

8.06
9.90
7.99
5.71
10.23
6.64
7.96
5.16

2-5+5-10 mm

59.07
52.43
46.56
50.72
41.36
50.49
49.27
44.65

> 10 mm

9.20
19.41
28.09
32.06
13.11
31.26
24.71
37.39

Soil structure
code ( )
3
3
3
3
3
3
3
3

%
$=+,363=A9073-;9<=;>-=>;+6+11;/1+=/<
Natural beech forests
% particles less than 0.002 mm in
prepared soil

unprepared soil

10.8
10.7
14.0
11.9

1.8
1.4
3.0
2.2

Average
St. deviation
  = 3.836869
 = 0.008590

Artificial Lawson's cypress stand
% particles less than 0.002 mm in
Degree of
unprepared
stability
prepared soil
soil
17.6
4.7
73.30
10.3
2.5
75.73
12.2
3.0
75.41
16.4
5.2
68.29
Average
73.18250
St. deviation
3.435204

Degree of
stability
83.33
86.92
78.57
81.51
82.58250
3.493951



$=;>-=>;+6+11;/1+=/<$Dry aggregate size
distribution is one of the major physical characteristics of soil, and it strongly affects soil fertility and its
resistance to erosion and degradation [17]. The analysis of macro-structural aggregates size distribution,
by dry sieving shows that there were no major differences in the sizes of structural aggregates between
the soil under natural beech forest and the soil under
artificially established Lawson’s cypress stand. The
dominant structural aggregates in the aggregate-size
distribution were medium (2-5 mm) and coarse (510 mm) (Table 4), so the soil structure was categorized in the structure code 3 [9].
On average, the content of coarser structural
aggregates was somewhat higher in the soil under
natural beech forest than in the soil under Lawson’s
cypress plantation, however there were no statistically significant differences. Although there were no

major differences in the size and shape of macrostructural aggregates. Soil organic matter binds mineral particles into aggregates and ensures their stability [18, 19, 20, 21]. The binding of organic and mineral components in the soil depends on the soil mineralogy and texture, chemical characteristics of the
soil solution and cation composition of the adsorptive complex [22, 23, 24]. The higher organic matter
content was reflected on the stability of the microstructural aggregates. In all the soil samples under
natural beech forest there was a higher degree of micro-structural aggregate stability than under artificially established Lawson’s cypress stand (Table 5).
The difference in micro-structural aggregate stability
was at the significance level threshold of 1 %.
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%
;9.3,363=A0+-=9;
Natural beech
forests
t·ha·h·ha-1·MJ1
·mm-1
1
0.049
2
0.053
3
0.046
4
0.057
Average
0.051
St. dev.
0.0046
  = -3.5847
 = 0.0116
Sample
plot

Artificial Lawson's
cypress stand
t ·ha·h·ha-1·MJ1
·mm-1
0.057
0.066
0.066
0.062
0.063
0.0044

The research described in this paper was supported and financed by the Ministry of Education,
Science and Technological Development of the Republic of Serbia, Project TR31070 “The development of technological procedures in forestry with a
view to an optimum forest cover realisation” (20112018).
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Wischmeier’s equation, the erodibility factor of all
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lower than that under Lawson’s cypress plantation
(Table 6). The difference in erodibility factor was at
the significance level of 5%.
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Based on the performed research, it can be concluded that the substitution of natural beech forest
(       Soo& Borhidi
1960.) with artificially established Lawson’s cypress
(        (A. Murr.) Parl.) stand
caused an increase in erodibility factor of acid brown
soil. The greatest cause of the decreased potential of
the soil under Lawson’s cypress plantation to resist
erosion agents was the decrease in the organic matter
content in the top 10 cm of soil.
The lower organic matter content in the soil
was not significantly reflected on the size and shape
of macro-structural aggregates. Although there were
some differences in aggregate-size distribution between the soil under natural forest and the soil under
plantation, the differences were not sufficient for the
change in the soil structure code.
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in which there were no major changes, the effect of
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Ecological conditions in Turkey provide a huge
advantage for ornamental plants. Cut-flower production and trade is one of the developing sectors. Due
to the geographical conditions and climate characteristics, ornamental plants are widely produced in Turkey, especially in the Mediterranean, Aegean and
Marmara regions. In this study, the Eskişehir
Sarıcakaya District – where the main source of livelihood is agriculture – was studied in terms of ornamental plant production. Sarıcakaya was selected as
the location for the study because the area is located
within the geographical boundaries of the Central
Anatolian Region, which exhibits the characteristics
of a Mediterranean microclimate. In the trials,
“Cheerfulness”, “Grand Soleil d’or”, “Carlton”,
“Actea” and “Constantinopolitanus” varieties of daffodil were used. It was determined that cut flower
daffodil cultivation can be carried out in both greenhouse and open-field environments, and the yield
values of “Constantinopolitanus”, “Actea” and
“Carlton” varieties were especially high. In addition,
greenhouse cultivation in particular was found to be
more suitable for cut-flower quality early in the year.



single or different combinations of flowers. These
different flower forms of daffodils appeal to the varying consumer demand [2]. According to the 2017
data, approximately 14 million daffodils were grown
in an area about of 414 da [1]. The most common
daffodil variety used in cut-flower production in
Turkey is the       L. This variety is indigenous to this region; however, numerous varieties
of foreign origin have also been cultivated [3, 4]. In
Turkey, daffodil cultivation is most commonly carried out in the Karaburun Peninsula in Izmir over an
area of 372 da of approximately 7,000 tons per year
[5]. The cultivated species is     “Constantinopolitanus” which is locally called the Karaburun
daffodil. Its synonyms are “Double Chinese”, “Double Italian”, “Double Marsellian”, “Double Roman”,
“Double White Polyanthus”, “Double White Sweet
Scented”, “Flore Multiplici”, “Italicus Plenus”, “Old
Italian”, “Roman”, Tazetta “Flore Pleno”, Tazetta
“Romanus” and “The Double Roman Narcissus” [6].
Cut-flower daffodil cultivation can be carried
out both in greenhouses and in open fields. Flowering time spans a large period from autumn to spring
depending on the variety, the horticultural processes
and the pre-planting treatments. In other regions,
other cut-flower varieties can only be grown in
greenhouses by taking precautions against cold damage. From this perspective, the advantage of this daffodil variety is that it can be grown in open fields in
winter and there is little or no need for irrigation due
to rainfall. The daffodil is an important ornamental
plant due to its suitability for potted planting and the
spread of this cultivation type [2].     and 
    , in particular, are two important varieties in terms of their wide-ranging production and
commercial value [7]. In addition to being used as
cut flowers and potted plants, daffodils are also
among the popular flowers in the garden as an outdoor plant [8]. Kaya et al. [9] noted that combinations of fruit trees (64.2%) and ornamental plants,
shrubs and flowers (60.8%) were highly preferred by
respondents in the Antalya residential area.

*)"$%
Daffodil, varieties, adaptation, greenhouse, open field

!&$"'&"!
In cut-flower production, the species popularly
produced in Turkey are carnations (593 million),
gerberas (127.2 million), cut roses (107.9 million),
followed by a bulbous plant, the tulip (44.5 million).
Fresia (17.8 million) and daffodil (13.8 million) are
other important bulbous plants in the cut-flower sector [1]. Daffodils are among the popular cut flowers
with either fragrant or non-fragrant cultivars in
white, yellow, orange, red, pink and green colors as
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The physical and climate conditions of Turkey
are suitable for the production of a variety of ornamental plants. Turkey’s flora itself is the source of
thousands of ornamental plants as rough and readily
usable material [10]. Cut-flower cultivation in Turkey is usually carried out in the Mediterranean, Aegean and Marmara regions due to their geographical
advantages. The Central Anatolian region, which has
a more continental climate, is not a suitable area for
ornamental plants, especially for the cut-flower sector. However, considering its resistance to cold conditions, there are studies on the cultivation of daffodil in different regions of Turkey. To encourage the
cultivation of ornamental plants under the continental climate conditions of Central Anatolia by taking
into account its resistance to cold conditions, a study
on the cultivation of       was carried
out in Ankara. In this particular study, the planting
times were set at different times of the year [11]. In
another study, during the winter crop production period in the Eastern Anatolian region, the yield and
quality of different ecotypes of daffodil species were
evaluated under the conditions of the Harran Plain
[12]. In a study carried out in Samsun Province on
cut-daffodil cultivation, the single-flowering Narcissus “Ice Follies” commercial variety and the multiflowering       natural species were cultivated, and the effect of different planting times on
the flower quality and yield were investigated [13].
In addition, a study was carried out to cultivate a daffodil species in the Black Sea region [14].
The    genus grows naturally in Turkey
and cultivation has been done since for a long time.
Therefore, daffodils (   ) are important in
terms of genetic diversity potential in Turkey [3].
The conservation and sustainability of the genetic resources of Turkey is also important for the ecology.
The aim of this present study was to determine the
adaptation of the daffodil species (   
flower yields and production potential of the
Sarıcakaya district of Eskişehir, which has Mediterranean microclimate characteristics, in contrast to
the the Central Anatolian region where a continental
climate is dominant. Another objective was to encourage ornamental plants as an alternative sector in
the region. Although narcissus is not a natural plant
of Sarıcakaya, this study aims to introduce a bulbous
plant special to Turkey and to capitalize on its importance.


&$%! &"%

#6,8= ,=0;4,6The daffodil varieties “Cheerfulness”, “Grand Soleil d’or”, “Carlton”, “Actea”
and “Constantinopolitanus” were used in the study.

at the Horticultural Department of Eskisehir Osmangazi University, Saricakaya, Eskisehir, Turkey.

A:0;4708=,6 0<428 The experimental designs were established both for the greenhouse and
for an open field. The ventilated greenhouse had an
area of 288 m2 and was unheated. The land was prepared and divided into broad ridges of 100 × 260cm.
Bulbs were planted on broad ridges with a spacing
of 20 × 20 cm in triplicate. Forty-eight bulbs were
used in each replication. As an exception, thirty-six
bulbs were used with the “Constantinopolitanus”
cultivar according to the random blocks test pattern.
Irrigation water was distributed by the drip system. 

%=,=4<=4.,6 ,8,6B<0< The mean values of the
samples were analyzed using one-way analysis of
variance (ANOVA). Significant differences between
the treatments were determined using the LSD test at
a significance level of P = 0.05. TARIST Statistical
Software was used for the statistical analyses [15].

#,;,70=0;< The parameters examined were
based on phenological and morphological observations. Phenological observations included the
sprouting period, budding period, flowering period
and harvest period. Morphological observations included the flower stem length (cm), flower stem
thickness (mm), flower height (cm), flower diameter
(mm) and flower weight (g).
In addition, the average number of flowers per
plant, the yield per unit area/m2 and sprouting ratio
values (%) were evaluated.
$%'&%

#30896924.,6;0<>6=<Evaluating all the varieties phenologically from the greenhouse and open
field environment (Figure 1 and 2), the “Constantinopolitanus variety was the one that sprouted first and
produced buds, and therefore it was the one that
flowered first. In the greenhouse environment, flowering was observed in January, whereas flowering in
the open-field was observed in February to March.
The “Constantinopolitanus” variety was followed by
the “Grand Soleil d’or”, “Carlton”, “Actea” and
“Cheerfulness” varieties. Unlike the first year, in the
second year, “Cheerfulness” budded and flowered in
the open-field parcels before “Actea”. Generally,
“Carlton” flowered in February in the greenhouse
and in March in the open fields, while “Cheerfulness” and “Actea” flowered during February to
March under greenhouse conditions and during
March to April in the open fields. The flowering periods of “Constantinopolitanus” and “Grand Soleil
d’or” varieties were slightly longer than those of the
other varieties. In the second year, there was no difference in the greenhouse environment during this
period.

0<.;4:=498 91 =30 <=>/B <4=0 The research
was carried out in the 2012 to 2015 cultivation years
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%=07 &34.580<< The effects of the variety,
year and environment factors and variety x year interaction on the stem thickness values were statistically significant. The thickest stem was determined
in the “Carlton” variety at 7.77 mm, followed by the
“Grand Soleil d’or” (7.53 mm) and “Actea”
(7.35 mm) varieties. The stem thickness values of
the “Cheerfulness” and “Constantinopolitanus” varieties were 6.79 mm. According to the year results,
the stem thickness in the first year of planting was
7.93 mm and was 6.56 mm in the second year of
planting. Stem thickness values were higher in the
greenhouse environment (7.63 mm) than those in the
open-field environment (6.87 mm) (Table 2).

9;:396924.,648/482<%=07082=3 Considering the stem length values, the effects of variety,
year and environmental factors, and variety x year,
variety x environment and variety x year x environment interactions were found to be statistically significant (Table 1). Comparing the varieties, the variety with the longest stem was “Actea” at 29.74 cm.
When evaluated on a yearly basis, a longer stem
value (25.62 cm) was obtained in the first year of
planting. Depending on the environment, a longer
stem was obtained in the greenhouse environment
(27.96 cm) compared to the open-field environment
(19.08 cm) (Table1).
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%& !&.7
#6,8=482
%#%

  
    
 
 
  
2012 Planting
2013 Planting

#6,8=482

%:0.40<A
?0;,2091
<=B0,;
24.11c
18.27d
25.01c
33.22a
27.49b

"

27.73b
20.50c
b
27.50
9.04d
23.72b
26.31b
36.95a
29.50a
19.61c
35.36a
*$
25.62a
21.42b

Species
Year
Environment
ns

23.12bc
25.53b
24.33b
32.01a
20.77c

%:0.40<A
%:0.40<
?0;,2091
A
8/B0,;
c
c
16.53
19.82
25.43c
c
c
15.85
20.69
26.52bc
23.51a
23.92b
25.32c
20.52b
26.26a
34.48a
12.05d
16.41d
28.06b
!($"! !&
Greenhouse
Open Field
"

%
Species x year
Species x environment
Species x year x environment
Not significant

1.370*
0.866*
0.866*

Abbreviation: G.H. Greenhouse



97:,;4<49891
8?4;98708=

?0;,2091
%=07
082=3
%:0.40<
A"
18.51b
12.44d
23.61a
25.01a
15.83c

21.97c
19.48d
24.47b
29.74a
21.95c

27.96a
19.08b

1.937*
1.937*
2.739*

O.F. Open Field


& 
%=07=34.580<<?,6>0<91?,;40=40<
%& &!%%77
#6,8=482
%#%


"

%:0.40<A
?0;,2091
<=B0,;
6.93b
9.75a
7.53b
7.62b
7.82b

  
6.90b
6.97a
    
11.48a
8.02a
b
7.69a
 
7.38
6.99a
 
8.24b
7.47a
   8.16b
*$
2012 Planting
7.93a
2013 Planting
6.56b
Species
Year
Environment
ns

Abbreviation: G.H. Greenhouse

0.780*
0.493*
0.493*

#6,8=482

97:,;4<49891
8?4;98708=

%:0.40<A
%:0.40< %:0.40<
?0;,2091
A
A"
8/B0,;
6.86ab
6.42ab
6.64bc
6.88c
6.70b
5.36b
5.26b
5.31d
8.42a
6.64b
a
a
a
abc
8.09
7.92
8.01
7.74
7.80a
7.75a
6.43ab
7.09ab
7.99ab
6.71ab
6.05b
5.49b
5.77cd
7.11bc
6.48b
!($"! !&
Greenhouse
7.63a
Open Field
6.87b
%
Species x year
1.103*
Species x environment
1.103 ns
Species x year x environment
1.560 ns
Not significant


"

?0;,2091
%=07
&34.580<<
6.79b
7.53ab
7.77a
7.35ab
6.79b

O.F. Open Field

69@0;0423= In addition to factors such as
variety, year and environment, variety x year, variety
x environment and variety x year x environment interactions were found to be statistically significant in
terms of flower height. According to variety,
“Actea” had the highest flower height value at
39.65 cm, whereas the “Grand Soleil d’or” variety
had the lowest flower height value at 27.47 cm. According to the year factor, the average flower height
in the first year of planting was 34.09 cm and was
29.47 in the second year of planting. In terms of the
environments, flower height values were found to be
higher in the greenhouse (36.35 cm) (Table 3).

The sequence of varieties in terms of flower
height values, from the highest to the lowest, were
“Actea”,
“Carlton”,
“Constantinopolitanus”,
“Cheerfulness” and “Grand soleil d’or”, respectively. The height values obtained in the greenhouse
environment were higher than those obtained in the
open-field environment.
69@0;4,70=0;For the flower diameter, the
variety factor was found to be statistically significant. “Carlton” had the widest flower diameter at
86.15 mm, while “Grand soleil d’or” had the narrowest flower diameter at 32.44 mm. The effect of environment on flower diameter was found to be

124

  

! 





   


statistically significant. Flower diameter in the
greenhouse was determined to be 55.47 mm, while
the flower diameter in the open field was found to be
53.3 mm. Variety x year, variety x environment and
variety x year x environment interactions were found
to be statistically significant, while only the year factor was found not to be statistically significant
(Table 4).

69@0;)0423= It was found that variety, year
and environment factors and the variety x year,

variety x environment and variety x year x environment interactions were found to be statistically significant. The highest weight value was determined in
“Actea” at 8.27 g, followed by “Carlton” (7.72 g),
“Cheerfulness” (7.16 g), “Constantinopolitanus”
(6.97 g) and “Grand soleil d’or” (6.72).
Flower weight value in the first year of planting
was higher than that in the second year of planting.
According to the environment, the flower weight in
the greenhouse was higher than that of the open-field
environment (Table 5).
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1.50c
1.42c
1.50c
1.93b
2.12a

O.F. Open Field

?0;,20!>7-0;9169@0;<In terms of the
average number of flowers, the variety factor was
statistically significant and the “Constantinopolitanus” variety had the highest value with 2.12 flowers.
This was followed by “Actea” with 1.91 flowers of
flowers, “Cheerfulness” and “Carlton” with 1.50
flowers, and “Grand Soleil d’or” with 1.42 flowers.
Year and environment factors were also found
to be statistically significant for the average number
of flowers. In the 2013 to 2014 development period,
the first year of planting (2012 to 2013) had a higher
value at 2.10 flowers.
Comparing the environments, the average
number of flowers in the greenhouse environment

was 1.83 while it was 1.56 in the open-field environment.
Also, variety x year, variety x environment and
variety x year x environments were statistically significant in terms of the average number flowers (Table 6).

'84= ;0, *406/ In terms of unit area yield,
variety, year and environment factors, and variety x
year, variety x environment and variety x years x environment interactions were all found to be statistically significant.

126

  

! 





   


&
*406/:0;>84=,;0,91?,;40=40<
*#$'!&$8>7-0; 7D
#6,8=482
%#%

  
    
 
 
  
2012 Planting
2013 Planting

%:0.40<A
?0;,20
91 <=
B0,;
27.38c
31.11c
15.81d
39.84b
48.33a

"



24.56c
30.20b
41.40b
20.83c
20.10c
11.52d
b
41.52a
38.16
a
38.50a
58.16
*$
32.49a
17.43b

Species
Year
Environment
ns
Abbreviation: G.H. Greenhouse

97:,;4<49891 ?0;,20
8?4;98708=
91*406/
:0;
%:0.40<A
?0;,20 %:0.40< %:0.40< '84=
"
;0,
91 8/
A A"
B0,;
13.03b
14.95b
20.71b 21.61a
21.16b
6.79b
8.24c
25.55b 13.81b
19.68b
32.00a
31.11a
20.87b 26.05a
23.46b
6.91b
18.04b
33.66a 24.22a
28.94a
b
b
a
a
10.83
14.83
38.50
24.66
31.58a
!($"! !&
Greenhouse
27.86a
Open Field
22.07b
#6,8=482

16.86bc
9.70c
30.23a
29.16a
18.83b

%
Species x year
Species x environment
Species x year x environment
Not significant
O.F. Open Field

3.858*
2.440*
2.440*

5.456*
5.456*
7.715*


&
%:;9>=;,=49?,6>0<91?,;40=40<
%#$"'&!$&
#6,8=482

%#%


%:0.40<A
?0;,2091
<=B0,;
97.20a
97.90a
95.81a
97.20a
100a

"

  
95.10a
99.30a
    
100a
95.80a
91.63a
 
100a
a
99.30a
 
95.10
100a
   100a
*$
2012 Planting
97.62a
2013 Planting
93.53b
Species
Year
Environment
ns

Abbreviation: G.H. Greenhouse

#6,8=482

4.913*
3.107*
3.107*

97:,;4<49891
8?4;98708=

%:0.40<A
%:0.40< %:0.40<
?0;,2091
A
A"
8/B0,;
97.20a
81.93b
89.56bc
96.15a
90.61bc
99.30a
86.80b
93.05b
99.65a
91.30bc
100a
100a
100a
100a
95.81ab
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95.47abc
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O.F. Open Field

%:;9>=$,=49Evaluating in terms of the variety factor, the highest value was obatined with the
“Constantinopolitanus” variety (100%). This was
followed by “Carlton” (97.90%), “Grand soleil d’or”
(95.47%), “Cheerfulness” (93.38%) and “Actea”
(91.12%), respectively. In terms of the year factor,
in the 2013 to 2014 development period, the sprout
ratio for the first year of planting (2012 to 2013) was
97.62%. The sprout ratio was 98.60% in the greenhouse environment and 92.55% in the open-field
planting (Table 8).

The highest unit yield values were obtained
with the “Constantinopolitanus” variety at an average of 31.58 flowers per plant/m2. The lowest unit
yield values were obtained with the “Grand soleil
d’or” variety at an average of 19.68 flowers per
plant/m2 (Table 7).
In the 2013 to 2014 development period, the
unit area yield in the first year of planting (2012 to
2013) was an average of 32.49 flowers per plant /m2,
higher than that in the second year of planting at an
average of 17.43 flowers per plant /m2.
In terms of the environment factor, unit area
yield was higher in the greenhouse environment (an
average of 27.86 flowers per plant /m2).
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affecting quality in the growing period and after harvesting.
In cut-flower production, a high flower diameter value is desired in varieties with single flowers,
whereas high numbers of florets are desired in multiflowering varieties. The “Carlton” and “Actea” varieties have a larger flower diameter since they have a
single flower. On the other hand, other varieties carrying more than one floret naturally have a smaller
flower diameter. At the same time, it has been stated
that temperature changes have an effect on the
flower diameter, and the flower size decreases at
lower temperatures [21]. This result is in line with
the results of this present study.
In this study, the yield obtained in the greenhouse environment was higher than that obtained in
the open field. In addition, it was found that cultivation in the greenhouse environment was more suitable for cut-flower quality and for production earlier
in the year. However, it is also important to see that
the ecology of the region allows open-field cultivation, and which requires much lower infrastructure
costs that can be easily adopted by the producer. In
the Sarıcakaya region, intense vegetable cultivation
is carried out and this is also important. Therefore,
the evaluation of greenhouses for the production of
an alternative intermediate crop during the daffodil
production period is important. In light of the obtained data, it can be concluded that cut-flower daffodil cultivation can be carried out in the EskişehirSarıcakaya region.

In this study, the phenological and morphological characteristics of five daffodil varieties (“Cheerfulness”, “Grand soleil d’or”, “Carlton”, “Actea”
and “Constantinopolitanus”) planted in the period
from 2012 to 2013 and 2013 to 2014 were determined for the 2013 to 2014 period. According to the
phenological findings obtained in the study, the variety that first sprouted and flowered both in the
greenhouse and in open-field environment was
“Constantinopolitanus”. This was followed by
“Grand Soleil d’or”. These varieties were developed
from the     species. The     species
and the varieties cultivated from this species do not
require cold temperatures to flower. When other conditions are provided, bulbs obtained during the summer rest period can bloom before winter [2].
“Carlton”, “Cheerfulness” and “Actea” are the
late-blooming varieties, respectively. Considering
the flowering periods, flowering in open-field cultivation was extended by approximately one month.
During cultivation, as the period from planting to
harvesting shortens, the needs for maintenance operations decrease [2]. In addition, it is possible to obtain flowers from January to April with different varieties. In terms of cut-flower floriculture, a longer
period of flowering and harvesting period is very important in terms of supplying the product to the market for longer periods and meeting the demand, thus
increasing the consumption of cut flowers [16, 17].
Early flowering in varieties, such as “Constantinopolitanus” and “Grand soleil d’or” – with no pretreatment to the bulbs before planting, – is advantageous. Another advantage is that the Tazetta group
can be stored at an ambient temperature of 25 to
30oC without the need for cold storage after lifting
[18]. In other varieties, the bulbs should be kept in
cold storage rooms from 17 to 20oC after lifting. In
many regions where most of the cut flowers can only
be grown in the greenhouse environment, and by taking precautions against cold damage, daffodils can
be grown in the open in winter, and there is little or
no need for irrigation due to rainfall [2]. Bademkıran
et al. [19] noted that the Narcissus plant required less
attention from the workforce and was easy to grow
when the ecological requirements were met and suitable growing conditions were provided.
Many factors, including genotype, location,
ecology and growth techniques, affect the flowers,
bulb quality and yield of Narcissus [20]. In terms of
flower height, the sequence of varieties from the
highest values to the lowest values was “Actea”,
“Carlton”, “Constantinopolitanus”, “Cheerfulness”
and “Grand soleil d’or”, respectively. The flowers
grown in the greenhouse environment were longer
than those grown in the open-field environment.
Flower stem length in cut flowers is an important
quality criterion [21]. Stem length increases with
temperature. Temperature is an important factor

!") !&%
This study was supported by Scientific Research Project of Eskisehir Osmangazi University,
Turkey, with Project Number 201223C201. 
$$!%

[1] TÜİK (Turkish Statistical Institute) (2018) Crop
Pruduction Statistics http://www.tuik.gov.tr/
PreTablo.do?alt_id=1001. Access: 03.12.2018
[2] Zeybekoğlu, E., Özzambak, E. (2014) Effects of
Different Solutions Applied During Hydration
Process on Vase Life of Cut Narcissus Before
and After Storage. Anadolu. J. of AARI. 24(1),
29-37. (in Turkish).
[3] Zeybekoğlu, E. (2010) Research on wild and
culture narcissi (Narcissus) of Turkey, their cultivation and investigation on their biological and
morphological properties. PhD Thesis. Horticulture Dept. Ege University Graduate Faculty
of Natural and Applied Science. 153p (in Turkish).

128

  

! 





   


[4] Alp, Ş., Zeybekoğlu, E., Salman, A., Özzambak,
M.E. (2016) Natural and Naturalized Narcissus
Taxa in Anatolia and its Faced Problems. Selcuk
Journal of Agriculture and Food Sciences. 3(2),
304-308. (in Turkish).
[5] Kaçan, K., Özkul, Ç., Sokat, Y. (2018) Determination of Problem Weeds and Their Control
Methods in Daffodils and Hyacinth Fields. Journal of Agriculture Faculty of Ege University.
55(1), 103-110. (in Turkish).
[6] Daffseek (2018) Daffodil Database with Photos.
http://daffseek.org/detail-page/?value1=Romanus&lastpage=1 Access: 03.12.2018.
[7] Zeybekoğlu, E., Özzambak, M.E., Pınarbaşı, P.,
Yemenici, F. (2002) Earliness Yield and Quality
Properties of one Year Old Narcissus Plantations, Awakened at Different Times. II. National
Ornamental Plants Congress, Antalya, Turkey,
20 October 2002, 229-233.
[8] Bademkıran, F., Çığ, A., Türkoğlu, N. (2018)
The Effects of Dosages of Solid and Liquid
Earthworm Fertilizers on Plant Growth of Daffodil (Narcissus cv. 'Royal Connection'). Turkish Journal of Agricultural and Natural Sciences. 5(4), 676–684 (in Turkish).
[9] Kaya, L.G., Elinç, Z.K., Yücedağ, C., Çetin, M.
(2018) Environmental Outdoor Plant Preferences: A Practical Approach for Choosing Outdoor Plants in Urban or Suburban Residential
Areas in Antalya, Turkey. Fresen. Environ.
Bull. 27, 7945-7952.
[10]FAO (2018) Biodiversity of Turkey. Contribution of Genetic Resources to Sustainable Agriculture and Food Systems. Ankara. Licence: CC
BY-NC-SA 3.0 IGO, 222p.
[11]Ülker, G., Sökmen, D., Ellialtıoğlu, Ş. (2006)
The Effect on Flowering of Narcissus Bulbs of
Different Planting Time in The Ecological Conditions of Ankara. III. National Ornamental
Plant Congress, 8-10 November 2006, Izmir.
Proceeding Book, 430-434. (in Turkish).
[12]Özel, A., Erden, K. (2008) Determination of
Bulb Yield and Some Agricultural Characters of
Natural Daffodil (      L.) Ecotypes. Journal of Agriculture Faculty of Harran
University. 12(2), 11-17. (in Turkish).
[13]Kebeli, F. (2012)A Study on Bulb propagation
and production of cut narcissus flowers in Samsun. Thesis of Master of Science. Ondokuz
Mayıs University, Department of Horticulture.
62p (in Turkish).
[14]Sarı, Ö. (2013)A study on growing techniques
of the native narcissus (Narcissus tazetta L.)
flowers in Ünye Province. Thesis of Master of
Science. Ondokuz Mayıs University, Department of Horticulture. 77p. (in Turkish).

[15]Açıkgöz, N, İlker, E., Gökçol, A. (2004)Computer evaluation of biological research. Ege
University, Publication of Application and Research Center of Seed Technology, ISBN: 973483-607-8, Izmir-Turkey. (in Turkish).
[16]Çelikel, F.G. (2008) Recent Developments in
Conservation and Marketing of Ornamental
Plants. IV. Symposium of Storage and Marketing of Horticultural Crops, Proceedings Books,
08–11 October 2008. Antalya-Turkey. 68–75.
(in Turkish).
[17]Kingsbury, N. (2013) Daffodil: The remarkable
story of the world’s most popular spring flower.
Timber Press, ISBN 978-1604693188, 220p.
[18]Hanks, G.R. (2002) Commercial production of
   bulbs. Narcissus and Daffodil. Taylor
and Francis Ltd. London, 53-131.
[19]Bademkıran, F., Çığ, A., Türkoğlu, N. (2019)
The Effects of Solid and Liquid Earthworm Fertilizer Doses on The Nutrient Content of Narcissus CV. ʺRoyal Connectionʺ Plant Of Grown In
Ecological Conditions of Siirt Province, Turkey.
Fresen. Environ. Bull. 28, 7234-7241
[20]Özel, A., Erden, K. (2018) The effect of bulb
sizes on the bulb yield and some plant characteristics of Narcissus tazetta subsp. tazetta L.
Harran Journal of Agricultural and Food Science. 22(3), 355-362.
[21]Kebeli F., Çelikel, F.G. (2013) Effect of Planting Time on Flower Quality and Flowering Period of Natural and Cultural    Bulbs, V.
Ornamental Plants Congress Proceeding Book,
Vol. II, 823-829. (in Turkish).

$0.04?0/
..0:=0/


 
 




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

%4-06%,;4.,7
Eskisehir Osmangazi University,
Faculty of Agriculture,
Department of Horticulture,
Eskisehir – Turkey
e-mail: ssaricam@ogu.edu.tr

129

"!

 # 





    




 "!"&"! # !!!"
 # !@###$ !"&#! !"
% "" "# &

(69!+68.2+87'3+26-91




:E6GIB:CID;>DAD<N$CHI>IJI:D;)6IJG6A-8>:C8:H.G6@N6/C>K:GH>IN 9>GC:.JG@:N
:E6GIB:CID;>DAD<N!68JAIND;GIH6C9-8>:C8:HJGH6/AJ96</C>K:GH>INJGH6.JG@:N



!" "

.=: 6>B D; I=>H HIJ9N >H ID HE:8>;N I=: B:B
7:GHD;+GDIDHI:A>DBN8:I:HL=>8=9:K:ADEDCEG>B:G
>HDA6I>DC EA6I:H ;DGB:9 7N I=: B6I:G>6AH 8DAA:8I:9
;GDBI=:/AJ96c/C>K:GH>IN"RGS@A:86BEJH;DG:HI
6C9 L>A9A>;: EGDI:8I>DC 6G:6 >C I=: JGH6 EGDK>C8: 
$CI=>H6G:6L=>8=H=DLHIG6CH>I>DC6A8A>B6I>88=6G
68I:G>HI>8H D; (:9>I:GG6C:6C 8A>B6I: EGDIDHI:A>9
HE:8>:H =6K: 7::C >9:CI>;>:9  .6MDC 9:I:8I:9 ;GDB
I=: HIJ9N 6G:6 6G: !"!"# # $"# ' - 
*A>K:    -ID>6CDK>I8=  !"!!
!  ,:>C=6G9I  ' -  *A>K:  $!"
# !"# ! # ' -  *A>K:   
-ID>6CDK>I8=&  1=>IC:N*A>K:  !
"#'"#' - *A>K: -ID>6C 1 :CC 
 ' -  *A>K: >C *A>K: :CC:II :I :6H:N 
 "!"## "#' - *A>K: -ID
>6CDK>I8= %  A>H=6 (>I8=:AA   "! 
# "#"#' - *A>K: -ID>6CDK>I8= 
"!"!!  ' -  *A>K: *A>K:   
-ID>6CDK>I8=  "!"# &# ' - 
*A>K:    -ID>6CDK>I8=   "!"# & 
  ' -  *A>K:  -ID>6C  '!
!!  ' -  *A>K:  &   1=>IC:N
 '!!! !#!  ' - 
*A>K: (  (6GI>C    -ID>6CDK>I8=  '
!!! $# ! ' -  *A>K:    -ID>6CDK
>I8=  $#%#!#' - *A>K: 
-ID>6CDK>I8= -E>:<:A >C -E>:<:A ":8@H  !:A9
B6C   !"!"# # $"# !"#
'"#  "!"# # "# "!
#  "#"#
"!"!! 
"!"# &   6C9  $# %
#!#6G:I=:C:LG:8DG9H;DG.JG@:N 



EGDIDOD6C<GDJE(N8:IDOD6CH6G:;DGB:97N;GJ>I
>C< 7D9N 6C9 ;A6<:AA6I:9 DG CDC ;A6<:AA6I:9 8G:6
IJG:HL>I=IGDE=>86B:7D>98:AAH45 INE>86A
EGDIDHI:A>9:;GJ>I7D9N>H;DGB:97N6H:CH>I>K:HI:B
HJEEDGI:97NDC: HEDG: 0:GN;:LD; HE:8>:H86GGN
:K:C HEDG:H45 .=:IGDE=>88N8A:D;EGDID
HI:A>9HK6G>:H;GDB BDCDCJ8A:6G6B:7D>9DGBJAI>
CJ8A:6I: 6BD:7D;A6<:AA6I: 8N8A: ID BDCDCJ8A:6G
G:I>8JADJH EA6HBD9>6 8N8A: 4 5  B:7D>9 8:AAH
EH:J9DED9H 6C9 I=:>G =N6ADEA6HB>8 6G:6H =6K:
;>7G>AA6G HIGJ8IJG: 6C9 I=:H: 6G:6H 6G: 9:EG>K:9 D;
7>< 8:AA DG<6C:AA:H  .=:>G B>ID8=DC9G>6 INE>86AAN
=6K: IJ7JA6G 8G>HI6: 7JI HDB:I>B:H I=:N 8DCI6>C
K:H>8JA6G8G>HI6:6HL:AA '>B>I:9CJB7:GD;<G6CJ
A6G :C9DEA6HB>8 G:I>8JAJB =6H 7::C ;DJC9 >C 6B:
7D>9 6C9 ;A6<:AA6I:9 8:AAH  DCIG68I>A: K68JDA:H 6G:
D7H:GK:9 >C I=: IGDE=>8 8N8A:  .=: CJ8A:JH >H 6
INE>86A8=6G68I:G6C9=6HDC:CJ8A:JH6II=:8:CI:G 
6GND@>C:H>HD;EGDIDHI:A>9H=6H7::CD7H:GK:9L>I=
6C :A:8IGDC B>8GDH8DE: 6C9 >I =6H 6AHD 7::C D7
H:GK:9 I=6I HE>C9A: ;>7:GH ;DGB:9 7N B>8GDIJ7JA:H
6G:?JHI8=GDBDHDB6AHE>C9A:;>7:GH45 
$C I=: EG:H:CI HIJ9N 45 DC EGDIDHI:A>9H =6K:
7::C I6@:C 8DCH>9:G6I>DC :HE:8>6AAN I=: ;GJ>I 7D9N
BDGE=DAD<N 6C9 I=: CJB7:G D; @CDLC HE:8>:H >H
 45  $C I=: 9:;>C>I>DC D; HEDG:H I=: 8=6G68I:G>H
I>8HHJ8=6HCJB7:GG:A6I>K: HIG:C<I=E:GH>HI:CI DG
CDCE:GH>HI:CI 68I>K:AN 9:8>9JDJH DG E6HH>K:AN 9:
8>9JDJH I=: EG:H:C8: DG 67H:C8: D; =>AJB 6G: >B
EDGI6CI  BDC< I=: HE:8>;>86I>DCH D; HI:B 7:>C<
ADC<  HEDG:H A:C<I= D; 86A>7:G 6C9 H=DGI W 
HEDG:H A:C<I= D; 86A>7:G I6E:G>C< 7:>C< G:A6I>K:AN
I=>8@DGHA>B7:>C<HIG6><=IDG8JGA:97:>C<G><>9DG
;A:M>7A:=6K>C<6EDE=NH>HDGCDI7:>C<E:GB6C:CI
DGCDI6G:I=:H><C>;>86CI8DBEDC:CIH 
!::HI 45 6C9 -E>:<:A 45 =6K: HI6I:9 >C I=:>G
HIJ9>:HI=6II=: JBN8:I:OD66C9>IHB:B7:GH+GD
IDHI:A>DBN8:I:H 6G: :J86GNDI>8 6C9 E=6<DIGDE=>8
L=>8=EDHH:HH6C>BEDGI6CIGDA:>CI=:G:<JA6I>DCD;
I=:768I:G>6EDEJA6I>DCEG:H:CI>CI=:HD>A6C9DI=:G
B>8GD=67>I6I 1>I=>CI=:HD>AH6EGDE=NI:8DBBJC>
IN I=: 9:8DBEDH:G 8DBBJC>IN 8DCI6>CH 6B:7D>9H
EGDIDHI:A>DBN8:I:H L=>8= ;::9 DC 768I:G>6 6C9
;JC<> .=:E6I=D<:C>8:;;:8ID;CDC:DCEA6CIH6C9
6C>B6AH>H JC@CDLC45 (DHID;I=:@CDLCEGDID
HI:A>9 HE:8>:H 6G: EG:H:CI DC 9:69 EA6CI E6GIH EG>
B6G>AN DC 9:86N>C< A:6K:H HI:BH ;ADL:GH 6C9

&% !
BD:76: 6BD:7DOD6 EGDI>HI6 EGDIDHI:AD>9 BN8:IDOD
6C.JG@:N




" #"

+GDIDHI:A>9H 6G: I=: H>BEA:HI BDGE=DAD<>86A
B:B7:GHD;I=:+GDIDHI:A>DBN8:I:HL=>8=7:ADC<ID
I=: 8A6HH D; (N8:IDOD6 4   5  :ADC<>C< ID I=:

 

"!

 # 





    


7>DIDE:H45 .=:8A>B6I:D;I=:HIJ9N6G:6>HJC9:G
I=: >C;AJ:C8: D; I=: (6GB6G6 8A>B6I: 6AI=DJ<= >I
8ADH:AN G:H:B7A:H I=: (:9>I:GG6C:6C 8A>B6I:  .=:
8=6G68I:G>HI>8HD;I=:(:9>I:GG6C:6C8A>B6I:=6K:6
ADL:G6K:G6<:I:BE:G6IJG:6C9I=:EG:8>E>I6I>DC>H
BDG: HI67A:  88DG9>C< ID : (DCI6CC:H 9GDJ<=I
>C9:M :FJ>K6A:C8: HJBB:G BDCI=H 6G: 6G>9 6J
IJBC 6C9 HEG>C< BDCI=H H=DL A:HH =JB>9 8A>B6I:
8=6G68I:G>HI>8H  .=: 6K:G6<: 6CCJ6A I:BE:G6IJG: D;
I=: HIJ9N 6G:6 >H   T L>I= 6C 6K:G6<: G:A6I>K:
=JB>9>IN  .=:6K:G6<:6CCJ6AIDI6AEG:8>E>
I6I>DC >H   BB  D; L=>8= ;6AA >C L>CI:G
 >C HEG>C<  >C HJBB:G 6C9   >C I=:
;6AA .=:G6>C>:HIBDCI=HD;I=:N:6G6G::8:B7:G
%6CJ6GN6C9!:7GJ6GN6C9I=:BDHI9GDJ<=IBDCI=H
6G:%JC:%JAN J<JHI6C9-:EI:B7:G45 .6@>C<
>CID 8DCH>9:G6I>DC I=: .=DGCI=L6>I: 6C9 .G:
L6GI=6^H8A>B6I>88A6HH>;>86I>DC/C>K:GH6AI:BE:G6
IJG: H86A: I=: 6G:6 >H B:HDI=:GB6A 6C9 L6I:G
H=DGI6<:D88JGH>CI=: HJBB:G L>I=6 K6EDG>O6I>DC
G6I>D6IHJ7=JB>9(:9>I:GG6C:6C8A>B6I:45 


" !"!

.=: HIJ9N =6H 7::C 86GG>:9 DJI 7N 8DAA:8I>C<
EDI:CI>6A HJ7HIG6I:H L>I=>C I=: G:H:6G8= 6G:6 8DC
9J8I:96IG6C9DB>CI:GK6AH7:IL::C(6N 6C9
(6N >CI=:/AJ96c/C>K:GH>IN6BEJH!DG:HI
6C9 1>A9A>;: +GDI:8I>DC G:6 L=:G: # #! HE:
8>:HEG:9DB>C6I: !GDBI=:9DB>C6CIEA6CI8DK:GD;
# #!HEE >CI=:G:<>DC6:G>6AA>II:GIGJC@76G@
9:8DBEDH>C<76G@6C9<GDJC9B6I:G>6AH=6K:7::C
8DAA:8I:9 6H EDI:CI>6A H6BEA:H  .=: 8DAA:8I:9 H6B
EA: B6I:G>6AH =6K: 7::C EA68:9 >C 6>G E:GB:67A:
EDJ8= E6E:GH 6C9 I=:>G BDJI=H =6K: 7::C H:6A:9
6C9 C:8:HH6GN >CHIGJ8I>DCH =6K: 7::C ED>CI:9 DJI 
+DI:CI>6A HJ7HIG6I:H 7GDJ<=I ID I=: A67DG6IDGN ;DG
>C8J76I>DC =6K: 7::C 8JI L>I= 6 HI:G>A>O:9 H8>HHDGH
>C6A:C<I=D;  8B6C9 8BL>9I=;DAADL:97N
 B>C .=:N=6K:7::CHD6@:9>C9>HI>AA:9L6I:G>C
HI:G>A:E:IG>9>H=:H6;I:GI=:HD6@>C<EGD8:HH+G>B:G
$HDA6I>DC+A6I:+$+=6H7::CEG:E6G:97NEA68>C<
E>:8:H D; B6I:G>6A >C 6 G69>6A B6CC:G >C 6C :CK>
GDCB:CID;8B>C9>6B:I:G1(26<6G A>I:GD;
9>HI>AA:9 L6I:G  < D; B6AI :MIG68I  < D;
N:6HI :MIG68I  < D; &#+* 6C9  < D; 6<6G
4 5 +G>B:G>HDA6I>DCE:IG>=6H7::CA:;I>CI=:
A67DG6IDGN6II=:GDDBI:BE:G6IJG:;DG 96NH;DG
>C8J76I>DC II=::C9D;I=:>C8J76I>DCEGD8:HHI=:
EG:H:C8: D; HEDGD86GEH >C E:IG> 9>H=:H =6H 7::C
:M6B>C:9 7N A><=I B>8GDH8DEN  +:IG> 9>H=:H =6K:
7::C D7H:GK:9 96>AN L>I= 6 )>@DC - !>  A><=I
B>8GDH8DE:;DGL::@H6C9E=DIDHD;B6IJG:HED
GD86GEH =6K: 7::C I6@:C ;><JG:H Y   M  M 
6C9 M  B6<C>;>86I>DC A:CH:H =6K: 7::C JH:9 ;DG
B>8GDH8DE>8E=DID<G6E=H 
.6MDCDB>8 8=6G68I:G>O6I>DCH D; H6BEA:H L:G:
9DC:7NJH>C<76H>896I64  5D7I6>C:9
;GDB HI:G:DB>8GDH8DE>86A 6C9 B>8GDH8DE>86A >CK:H

H:8DC9AN DC 9:86N>C< 76G@ 6C9 LDD9 E>:8:H 45 
B:7D>9 IGDE=>8 8:AAH 6G: K:GN 8DBBDC >C I=:
A>IIDG6A 6C9 6:G>6A ;G6<B:CIH 45  AI=DJ<= HE:8>:H
7:ADC<>C<ID "! #6G:L>9:AN;DJC9>C
A>K: IG:: 76G@ >I >H K:GN 9>;;>8JAI ID 8JAI>K6I: 6C9
>HDA6I: I=:B ;GDB I=: 76G@ 45  <6>C -E>:<:A 45
HI6I:9I=6IHDB:HE:8>:HA>@: "!"!!
 L:G: K:GN 8DBBDC DC =:G7>KDG:^H HIDDAH 6C9
6AHD HE:8>:H D; "! # 6C9  "&%
L:G:8DBBDCANH::CDC9:8DBEDH>C<AD<H ->B>A6G
HIJ9>:H 6AHD G:EDGI:9 I=6I EGDIDHI:A>9H L:G: G6G:AN
DC I=: HD>A 6C9 6AHD K6G>DJH HE:8>:H D; EGDIDHI:A>9H
L:G:;DJC9>CI=:H6BEA:H;GDB;G:H=L6I:GHJG;68:H
HJ8= 6H HIG:6BH A6@:H EDC9H 6C9 G>K:GH 6C9 8B
7:ADLI=:HJG;68:4  5 
+GDIDHI:A>9H 6G: 8DBBDC DG<6C>HBH I=GDJ<=
DJI I=: LDGA9 :M8:EI ;DG CI6G8I>86 7:86JH: I=:N
6G:I=:8DHBDEDA>I6CB:B7:GHD;I:GG:HIG>6A9:8DB
EDH:GH8DBBJC>I>:H4 5 $CHDB:D;I=:HIJ9>:H
DCI=:7>D<:D<G6E=>86C9:8DAD<>86A9>HIG>7JI>DCHD;
EGDIDHI:A>9HI=:AD86I>DCH>C L=>8=HE:8>:HG:8DG9H
=6K: 7::C B69: 6G: EG:H:CI >C I=>H E6GI D; I=:
LDGA9  .=: 7::8= ;DG:HIH D; ":GB6CN 45 $7:G>8
E:C>CHJA6 I=: -DJI=L:HI:GC D; JGDE: 4 5
H8:CH>DCKDA86CD6IGDE>86AKDA86C>8>HA6C9>CI=:
IA6CI>84 5I=:IGDE>86A?JC<A:D;+J:GID,>8D4 
5  CDGI=:GC $C9>6 I=: #>B6A6N6H 4 5 >C I=:
7:G96G: G:<>DC 8:CIG6A &:CN6 4 5 I=: IGDE>86A
;DG:HIHD;DHI6,>864 5A6H@6JC9:GI=:6G8I>8
;DG:HIH 6C9 I=: IJC9G6 :8DHNHI:B 4 5 (68FJ6G>:
I=:HDJI=L:HID;I=:+68>;>8*8:6C45I=:#6L6>
>6C $HA6C9H 6C9 ):L 3:6A6C9 4 5 I=: "G:6I
-BD@N (DJCI6>CH )6I>DC6A +6G@ >C I=: HI6I:H D;
)DGI=6GDA>C66C9.:CC:HH::/-45>C->7:
G>6 45 6G: I=: G:B6G@67A: HIJ9>:H I=6I =6K: 7::C
86GG>:9 DJI >C I=>H G:HE:8I  AI=DJ<= B6CN EGDID
HI:A>9HE:8>:H=6K:7::CG:EDGI:9IDEG:;:GI:BE:G
6I:6C9IGDE>86AG:<>DCH>I=6H7::C;DJC9I=6IHDB:
HE:8>:H H=DL L>9: IDA:G6C8: 6<6>CHI :MIG:B:
8=6C<:HDCI=::CK>GDCB:CI $I=6H6AHD7::C;DJC9
I=6I 6 <GDJE D; HE:8>:H HJ8= 6H  & 
'"# $"#!6C9 &  !H=DL6=><=:G
IDA:G6C8: 6I =><= I:BE:G6IJG:H L>I= HB6AA 8=6C<:H
6AAI=:N:6G6GDJC96C9ADLG6>C;6AA45 
.=>H HIJ9N =6H 7::C 86GG>:9 DJI L>I=>C I=:
86BEJH6C9>CI=:L>A9A>;:EGDI:8I>DC6G:6L=>8=>H
AD86I:9 L>I=>C I=: H6B: 7DJC96G>:H  .=: 86BEJH
6G:6 >H   =:8I6G:H 6C9
 =:8I6G:H =6K: 7::C
6AAD86I:9 ;DG I=: L>A9A>;: ODC:  .=: 6G:6 A>:H 7:
IL::C  f ^ \ CDGI= A6I>IJ9: 6C9 f^ ^^
:6HI ADC<>IJ9: 6C9  B =><= ;GDB I=: H:6 A:K:A 
.=:G:H:6G8=6G:6>C8AJ9:HI=:IG::HE:8>:HHJ8=!
# #! #  ' HJ7HE  #  # #!" 
*A>K:GHJ7HE "  # #!#!!1>AA9
6C9 # #!! !"(>AA:G7:H>9:H>I>C8AJ9:H
I=:HE:8>:HD; #! #"6C9<G6O>C<A6C9 99>
I>DC6AAN6E6GI;GDBI=::A:B:CIHD;7G>:G;DGB6I>DC
A>@: ##! !  1:>=:  ):HH ##! !"#!
-8=G:7:G EGDE6<6I>DC D; %  ' %  
! '  =6H 7::C H::C DC L:AA L6I:G:9 6C9 =JB>9

 

"!

 # 





    


IG:6IB:CI ;DAADL:9 '69D 45  $C DG9:G ID >9:CI>;N
I=: ;GJ8I>;>86I>DC HIGJ8IJG:H 8:GI6>C 8=6G68I:G>HI>8H
L:G: 9::B:9 >BEDGI6CI  .6MDC 9:I:GB>C:9 ;GDB
I=: HIJ9N 6G:6 6C9 I=:>G 9>HIG>7JI>DCH 688DG9>C< ID
B>8GD =67>I6IH 6G: H=DLC .67A:    B6E D; I=:
HIJ9N6G:6!><JG: 6C98A>B6I:9>6<G6B;GDBI=:
C:6G:HI G:<>DC D; /C>K:GH>IN 86BEJH 6G:6 ;><JG: 
L6H 6AHD >AAJHIG6I:9 45  ):L G:8DG9H D; I6M6 ;DG
.JG@:N6G:>C9>86I:97N6C6HI:G>H@ 


I><6I>DCH 6C9 I=: HE:8>B:CH L:G: JH:9 ID >9:CI>;N
6C9 9:I:GB>C: I=: BDGE=DAD<N 6C9 I6MDCDB>8 9:
I6>AH D; I=: HEDGD86GEH I=6I 7:<6C :B:G<>C<  !JG
I=:GBDG: >9:CI>;>86I>DC :K6AJ6I>DC 6C9 9>H8JHH>DC
D; I=: HE:8>:H L:G: B69: 7N JH>C< 6C9 7:C:;>I>C<
:HE:8>6AAN;GDBI=:HDJG8:H>C8AJ9>C<*A>K:4 5
-E>:<:A :I 6A  45 <J>A6G :I 6A  45 .:HB:G :I 6A 
45 (DDG: 6C9 -E>:<:A 4 5 -=69L>8@ :I 6A  4 5
-I:E=:CHDC6C9(DDG:4 5(DDG:6C9-I:E=:CHDC
45-E>:<:A6C9-=69L>8@45<J>A6G6C9'69D
45 6C9 L:7 H>I:H 4 5  .=: CDB:C8A6IJG:




# 
".+789*='6+'438.+2'54,"960+=;/8.'-6/*7=78+2

# 
1/2'8+*/'-6'24,8.+/1>,+6*/786/)8,468.+)'2597'6+'







"!

 # 





    


"
/786/(98/434,8'<'/32/)64.'(/8'87'3*/741'8/43)49387
"'<43
+6/'12'8+6/'1 6493*2'8+6/'1
"48'1392(+64,
!"!"# # $"#



!"!!! 



!"#! #



!"#'"#



 "!"## "#



"! # "#"#



"!"!!



"!"#&#



"!"#&  !



'!!!






'!!!!#
! 



'!!!$# 
 $#%#!#



JCEGD9J8I>K:+$+

!#"!
422+387 (6CN D; I=: HE:8>:H =6K: 7::C
9:H8G>7:9
6H BNMDBN8:I: ;DG HD B6CN N:6GH 6C9

=6K: 7::C HIJ9>:9 6H HJ8=  AHD I=:N =6K: ADC<
"'<4342/)47/8/43
7::CIG:6I:96H6EGDIDHI:A>9 A>@:BNMDBN8:I:45
DB6>C J@6GNDI6
7JI >I L6H A6I:G >C8AJ9:9 >C I=: BNMDBN8:I:H 4 
,:<CJB+GDI>HI6
5 .=:K:GN;:LHEDGD86GEH6G:EG:H:CIDC6AA
-J7G:<CJBBD:7DOD6
@>C9H D; HJ7HIG6I:H L=:G: EGDIDHI:A>9H 6G: 6AHD
>K>H>D(N8:IDOD6
6K6>A67A:  K:C I=DJ<= >I >H 8DBBDC LDGA9L>9:
-J79>K>H>D JBN8:IDOD6
H=DL>C<E6I8=:HD;=><=AD86A67JC96C8:45'69D
A6H>H+GDIDHI:A>DBN8:I:H
DC I=: DI=:G =6C9 HI6I:9 I=6I 4 5 >I L6H CDI K:GN
*G9:G+GDIDHI:A>6A:H
8DBBDC >C I=: HIJ9N DC I=: $7:G>6C +:C>CHJA6  $C

JGDE: >IH EG:H:C8: =6H 7::C EG:K>DJHAN G:EDGI:9
/784,8'<436+)4:+6+*,6428.+789*='6+'
;GDB ":GB6CN 45  -=69L>8@ 6C9 -I:E=:CHDC 4 5
!6B>AN+GDIDHI:A>68:6:
HI6I:9 I=6I I=:N L:G: D7I6>C:9 DCAN ;GDB I=: ;ADDG
!"# ! # ' -  *A>K: 
B6I:G>6A>CI=:HIJ9NI=6II=:N8DC9J8I:9>C)DGI=
-ID>6C  &   1=>IC:N  ' -  *A>K: >C 1=>IC:N
:GC $C9>6  $I B6N 7: HA><=IAN BDG: 8DBBDC >C I=:
:CC:II*A>K:(N8DAD<>6  
IGDE>8H I=6C >C I=: I:BE:G6I: 6G:6H  *C: HEDG: >H
-NCDCNBN $!"# ! # ' -  *A>K:
9>G:8IAN6II68=:9IDI=:HI6A@6C9I=:DI=:G>H6II=:
-ID>6C (N8DAD<>6  
IDE *CANDC:HE:8>B:C>CI=:HIJ9NL6H>9:CI>;>:9

>CI=:<GDJC9B6I:G>6A!><  

!/2/1'6 75+)/+7 )DC: I=>H HE:8>:H >H JC>FJ:
6C9 C:6GAN >BEDHH>7A: ID B>H>9:CI>;N  .=: HI:B >H
K:GN H=DGI L>I= 6 HB6AA EGDIGJ9>C< 6EDE=NH>H  $I
6AL6NH =6H 6 <AD7DH: DG HJ7<AD7DH:  HEDG:H I=6I
6G: 9:8>9JDJH 6C9 EJC8I6I:  #DL:K:G >; NDJ :C
8DJCI:G L=6I 6EE:6GH ID 7: 6  HEDG:9 :M6BEA:
!"#! #HNCDCNBDJHD; $!"
#! #>I>HEGD767AN BJ8=A:HH8DBBDC 
#"#*A>K::I-ID>6CDK>I8=L=>8==6H6C6GI>8J
A6I:9=6A; 8JEH=6E:98DAJB:AA645 

  "!"# # "# ' -  *A>K: 
-ID>6C  %  A>H=6 (>I8=:AA -8>  -D8   
  



#  
69/8/3-(4*/+74,  





"!

 # 





    



#  
69/8/3-(4*/+74, 

422+387.NE>86AANI=:G:>H6HI6A@H:<B:CI
?JHI7:C:6I=I=:HEDG6C<>JBI=6I6GI>8JA6I:HL>I=I=:
G:B6>C9:G D; I=: HI6A@ 7N B:6CH D; 6 ?D>CI A>@: 6G
G6C<:B:CI .=>HHE:8>:H86CDCAN7:>9:CI>;>:9L>I=
8:GI6>CIN>;>IHIGDE=>88:AAH6G:;ADD9:9JC9:GL=>8=
8DC9>I>DCHI=:NB6N7:8DB:;A6<:AA6I:9 .=:;A6<:A
A6 JHJ6AAN D88JG >C E6>GH 6C9 =:I:GD@DCI  .=: 7:HI
L6NID7:8:GI6>CD;I=:67>A>INIDEGD9J8:;A6<:AA6>H
ID>HDA6I:6C9<:GB>C6I:HEDG:H ':HHI=6C D;I=:
& A>@:EGDIDHI:A>9HI=6I6G:I=JHIG:6I:9
EGDK:ID7: # "#$CI=>HHIJ9N>I=6H7::C
9:I:GB>C:9I=6I  "!"## "#>HI=:
BDHI 8DBBDC I6MDC >C 6:G>6A B6I:G>6A   IDI6A D;
:><=I H6BEA:H L6H D7I6>C:9  -:K:C D; I=:H: L:G:
6:G>6A6C9DC:L6HD7I6>C:9;GDBI=:<GDJC9B6I:
G>6A  )D 9:K:ADEB:CI L6H D7H:GK:9 >C I=: 8DGI>8D
ADJHB6I:G>6A!><  

!/2/1'6 75+)/+7 M8:EI ;DG 7:>C< CDC9:8>9J
DJH>9:CI>86AID &6C9HDB:HIG6>CHD;
I=6IHE:8>:H=6K:HEDG:HI=6I9DCDI;6AA:6H>AN (DHI
HIG6>CH D;  # "# =6K: EGDEDGI>DC6AAN ADC<:G
HI6A@HI=6CHIG6>CHD; & #
""6C9#"!"!7DI==6K:HI6A@HI=6II6E:GID
6BJ8=;>C:GED>CI45 

 "! #  "#"# ' -  *A>K: 
-ID>6C % +GDIDODDA    



#  
69/8/3-(4*/+74,  

422+387 1=>A: I=>H HE:8>:H >H ;DJC9 BDHI
;G:FJ:CIAN DC 76G@ ;GDB A>K>C< IG::H >I >H 6EEGDM>
B6I:AN6HA>@:ANIDD88JGDC9:69EG>B6GNI>HHJ:H>C
I=:#6L6>>6C$HA6C9H4 5 -EDG6C<>6<AD7DH:DG
D7ADC<  -I6A@  Y  XB I6AA HJ7HEDG6C<>6A HI6A@
H:<B:CIEG:H:CI6C96GI>8JA6I>C<L>I=I=:B6>CE6GI
D;I=:HI6A@ -EDGD86GEH7:6G>C<ILDHEDG:H>CBDHI
86H:H 7JI 6AHD ;DJG HEDG: HEDGD86GEH L:G: D7
H:GK:9 .=6I>HADC<6C9;A:MJDJHHI>E:=6H7:C9H>C
6>G8JGG:CIH -EDG:H6G:JC>CJ8A:6I:6C9CDC9:8>9J
DJH<AD7DH:IDHJ7<AD7DH:DGI:IG6=:9G6A<:GB>C6I:
>CID 6 H>C<A: JC>CJ8A:6I: =:I:GD@DCI ;A6<:AA6I: 8:AA 
.=:N<GDL;G:FJ:CIANDC76G@6C9LDD9 $I6EE:6GH
ID 7: 6 HE:8>:H I=6I >H D;I:C 6HHD8>6I:9 L>I= 6G>9
=67>I6IH 6C9 >I D88JGH 6I =><=:G :A:K6I>DCH

B I=6C BDHI EGDIDHI:A>9H 4 5 6C9 I=:
HI6I: D; I=>H I6MDC >H DC: D; I=: BDHI ;G:FJ:CIAN
:C8DJCI:G:9 HE:8>:H LDGA9L>9:  AHD I=>H HE:8>:H
=6H7::CG:EDGI:9>C JGDE:4 56C9,JHH>6
45 $CI=>HHIJ9NDCANDC:HE:8>B:C9:K:ADEB:CI
L6H ;DJC9 >C 7DI= 6:G>6A 6C9 <GDJC9 B6I:G>6AH
!><  

!/2/1'6 75+)/+7 .=>H >H 6 9>HI>C8I>K: HE:8>:H
L=>8= >H JHJ6AAN :6HN ID >9:CI>;N  !GDB HDB: 6C
<A:H HEDG:9HEDGD86GEHB6N7:9>;;>8JAIID9>HI>C
<J>H= ;GDB I=: HB6AA:G  # 7:86JH: D; I=:
9>;;>8JAIND;H::>C<L=:I=:GI=:G:>H69>HI>C8I76H6A
D78DC>8 HEDG: 6H >C  # DG 6 HEDG6C<>JB
L>I=CDDC:8A:6GAN76H6AHEDG:6H>C  "#"# 
!JGI=:GBDG:  # A68@H I=: HI6A@ 6GI>8JA6
I>DC  6G: H=DJA9 7: I6@:C 7:86JH: 7DI= HE:8>:H
8D;GJ>I45 

!6B>AN 8=>CDHI:A>DEH>968:6:
!"!! !  ,:>C=6G9I  ' - 
*A>K:(N8DAD<>6 





"!

 # 





    




#  
69/8/3-(4*=4,   

422+387 .=>H HE:8>:H >H 8DBBDC LDGA9
L>9:DC9:86N>C<EG>B6GNI>HHJ:HDC7DI=HI6C9>C<
EA6CIH 6C9 >C I=: A>II:G 45  .=>H HE:8>:H =6H 7::C
G:EDGI:9EG:K>DJHAN;GDB":GB6CN45,JHH>645
6C9$7:G>8E:C>CHJA645 $IH::BHIDH=DLE6I8=:H
D; AD86A 67JC96C8: 7:>C< K:GN 8DBBDC 6I HDB:
8DAA:8I>C< H>I:H 6C9 67H:CI 6I DI=:GH  .=: HEDG:
G6C<:H 7:IL::C Y 7JI BDHIAN  >C 6 H>C<A: HED
G6C<>JB L=>8= >H :C8ADH:9 7N I=>H =N9G6I: 8DK:G 
.=>H 8DK:G 6AADLH I=: HEDG: 9>6B:I:G ID 6EE:6G
A6G<:G I=6C I=: HI6A@ A:C<I=  .=: HEDG6C<>JB >H
JHJ6AAN <AD7DH: >C 9>;;:G:CI 9>B:CH>DCH DG 86C 7:
H:CI 8DBEG:HH:9 ;GDB I=: H>9:H 45  $C I=: EG:H:CI
HIJ9N DCAN DC: HE:8>B:C 9:K:ADEB:CI L6H ;DJC9
>C7DI=6:G>6A6C9<GDJC9B6I:G>6AH!><  

!/2/1'6 75+)/+7 .=>H HE:8>:H >H 9>HI>C8I ;GDB
6AA DI=:G EGDIDHI:A>9H =DL:K:G >I B6N 6I ;>GHI 7:
B>HI6@:C ;DG 6 HB6AA :M6BEA: D; I=: BNMDBN8:I:
<:CJH !"#$IA68@H7DI=68DAJB:AA66C9
6 86E>AA>I>JB 6C9 I=: 6GG6C<:B:CI D; HEDG:H >H JC
A>@:6CN BNMDBN8:I: L=:CI=:H=:6I=9G>:H9DLC 
$C 699>I>DC I=: HEDG:H JHJ6AAN K6GN >C H>O: L>I=>C
I=: HEDGD86GE 6C9 I=:N A68@ 6CN HEDG: L6AA H8JAE
IJG>C<  -E>:<:A :I 6A  45 =6H H::C 6C 6<<G:<6I>K:
8>A>6I:I=6IEGD9J8:H6HDGD86GEI=6IADD@HH>B>A6GID
I=>H HE:8>:H DC DC: D886H>DC  >A>6I:9 8:AAH <:GB>
C6I: ;GDB I=: JC9:H8G>7:9 8>A>6I: L=>A: 6BD:76:
<:GB>C6I:;GDB ! 45 

!6B>AN+GDIDHI:A>68:6:
!"!"# # $"# ' -  *A>K: :I
-ID>6C .G6CH G>I (N8DA -D8   



#  
69/8/3-(4*/+74,  

422+387$I>H;DJC9BDHID;I:C6:G>6A9:69
EA6CI E6GIH DG 76G@ D; A>K>C< IG::H  $I >H 6 G:A6I>K:AN
JC8DBBDCHE:8>:HI=6I6EE:6GID7:BDG:8DBBDC
>C I=: IGDE>8H I=6C >C B>9 ID =><= A6I>IJ9:H 45  $I
L6H 9:I:8I:9 ;GDB I=: $7:G>8 E:C>CHJA6 7N <J>A6G
:I6A 45 -EDGD86GEH6G:INE>86AAN HEDG:9HEDG:H
HBDDI= L6AA:9 =:B>HE=:G>86A ID HJ7<AD7DH: :68=
HEDG: 6I <:GB>C6I>DC EGD9J8>C< DC: DG ILD ;A6<:A
A6I:8:AAHDG6H>C<A:6B:7D>98:AA -I6A@L>I=6H=DGI
6E>8JA6I: 76H: 6C9 6 ADC<:G >C;A6I:9 JEE:G EDGI>DC
7JGHIH ID 9>HE:GH: I=: HEDG:H 45  -EDG:H 6G:
HBDDI= 6C9 <AD7DH: ID HJ7<AD7DH:  Y  XB
7GD69 *CANDC: HE:8>B:C >CI=: HIJ9N L6H>9:CI>
;>:9>CI=:6:G>6AB6I:G>6A!><  

!/2/1'6 75+)/+7 )DC: D; I=: 9:H8G>7:9 HE:
8>:H 6G: H>B>A6G ID  # $"#  #DL:K:G I=:G:
=6K: 7::C 6C JC8DBBDC JC9:H8G>7:9 HE:8>:H I=6I
6G:BDHID;I:C:C8DJCI:G:9DC76G@L=>8=HJE:G;>
8>6AAN G:H:B7A:H >I  .=: JC9:H8G>7:9 HE:8>:H ;DG
L=>8=CDIGDE=>8HI6I:=6HN:I7::CD7H:GK:9>HI=:
H6B:H>O:6C9G:8JGK:97JI>I=6H6H>C<A:6C9=><=
AN H8JAEIJG:9 HEDG: 6C9 I=: HI6A@ >H ADC<>IJ9>C6AAN
G>9<:96C9I6E:GH;GDB76H:IDI>E .=:JC9:H8G>7:9
HE:8>:H D;I:C 6EE:6G ID 7: N:AADL ID <DA9 JC9:G 6
9>HH:8I>C<B>8GDH8DE:45 

 !"# '"# ' - *A>K:  -ID>6C 
1  :CC   ' -  *A>K: >C *A>K: :CC:II 
:6H:N (N8DAD<>6     "!"#
'"#' - *A>K:-ID>6C B:G % DI
  




"!

 # 





    




# 
69/8/3-(4*/+74,   

422+387 .=>H >H I=: BDHI 8DBBDC 6C9
BDHI ;G:FJ:CIAN :C8DJCI:G:9 HE:8>:H D; EGDIDHI:A>9
LDGA9L>9: 45  (DDG: 6C9 -I:E=:CHDC 45 HI6I:9
I=6I DC  &# L:G: =><=AN 67JC96CI >C
I:BE:G6I: =67>I6IH 7JI G6G: 6C9 ADL 67JC96C8: >C
I=: IGDE>8H  .=>H HE:8>:H =6H 7::C G:EDGI:9 ;GDB
JGDE: 4    5 6C9 ,JHH>6 45  $ID88JGH >C
6AA INE:H D; HJ7HIG6I:H DC L=>8= EGDIDHI:A>9H 6G:
;DJC97JI>HBDHI8DBBDCDC9:69EG>B6GNI>HHJ:H
D; HI6C9>C< EA6CIH  -EDGD86GEH 86C 7: ;DJC9 H:E6
G6I:AN DG >C <GDJEH >C I=:>G >HDA6I>DC E:IG> 9>H=:H 
.=:>GADC<6C9;A:M>7A:HI6A@H86GGN HB6AA6EDE=N
H>H6C9 HEDG:L=>8=>HGDJC96C99:8>9JDJH45 
$CI=:EG:H:CIHIJ9N7DI=6:G>6A6C9<GDJC9B6I:G>
6AH =6K: =69 I=: BDHI 8DBBDC D88JGG:C8: D; 
"!"# &#   IDI6A D;  H6BEA:H L6H
D7I6>C:9  !DJG D; I=:H: L:G: 6:G>6A 6C9 ;>K: L:G:
D7I6>C:9;GDBI=:<GDJC9B6I:G>6A )D9:K:ADEB:CI
L6HD7H:GK:9>CI=:8DGI>8DADJHB6I:G>6A!><  

!/2/1'6 75+)/+7 .=: G6G:  "!"#
# "#*A>K::I -ID>6C >HCDC9:8>9JDJH 1=:C
8JAIJG:9 # "#6BD:76:86CEGD9J8:;A6<:A
A6 #DL:K:G # "#B6NEGDK:ID7:E6GID;
I=: &-E:8>:HDBEA:M .=>HHE:8>:H>H
K:GNK6G>67A:>C>IHBDGE=DAD<N7DI=>CH>O:6C9I=:
9:8>9JDJHC:HHD;HEDG:H6C9EGD767AN8DCHI>IJI:H6
HE:8>:H8DBEA:M45 

 "!"#&  ' - *A>K:-ID>6C 
B:G % DI  4ENG>;DGB>H5
-NCDCNBH "!"#&  !' - *A>K:
-ID>6C 



# 
69/8/3-(4*=4,  

422+387$I>HBDHIAN;DJC9>C6:G>6A9:7G>H 
.=>H HE:8>:H >H D;I:C ;DJC9 L>I= ADIH D; L>9:AN
HE68:9;GJ>I>C<7D9>:H .=:HE:8>B:CH6G:;G:FJ:CI
AN 8DAA:8I:9 ;GDB 6 G:A6I>K:AN 9GN =67>I6I I=6I >H
:MEDH:9ID9>G:8IHJCA><=I45 $I>HBDHID;I:C;DJC9
DCHJ7HIG6I:HD;EG>B6GNI>HHJ:HDCHI6C9>C<EA6CIH 
.=>HHE:8>:H>HG:69>ANG:8D<C>O:97NI=:A6G<:7:AA
H=6E:9 DG ENG>;DGB HEDG:H :88:CIG>86AAN EDH>I>DC:9
6II=:I>EHD;8DCHE>8JDJHANODC6I:HI6A@H -I6A@H6G:
ADC< 6C9 6EE:6G ID 7: I=: H:G>:H D; HB6AA GDJC9
K:H>8A:H -I6A@76H:>H:ME6C9:9 -EDG:H6G:INE>86A
7:AA H=6E:9DGENG>;DGB C6EDE=NH>H>HH::C6II=:
:C9D;I=:HI6A@ .=>H>HI=:DCANDC:HEDG:I=6I;6AAH
DJIHEDCI6C:DJHAN !G:FJ:CIANL=:C>I>H;DJC9I=:
HJ7HIG6I: >H 8DAA:8I:9 ;GDB 6 G:A6I>K:AN 9GN =67>I6I
I=6I>H:MEDH:9ID9>G:8IHJCA><=I <J>A6G:I6A 45
;DJC9 I=6I >I L6H G6G: 7JI AD86AAN 67JC96CI >C 8JA
IJG:H;GDBI=:$7:GE:C>CHJA6 *CANDC:HE:8>B:C>C
I=>H HIJ9N L6H >9:CI>;>:9 >C I=: <GDJC9 B6I:G>6A 
!><  

!/2/1'6 75+)/+7 )DC:  $; I=: 7:69H DC I=:
HI6A@6G:CDIG:6AANEGDCDJC8:9>IB6N7:B>HI6@:C
;DG  &  ! 7JI I=6I HE:8>:H >H HB6AA:G  1:
=6K:D7H:GK:96CJC9:H8G>7:9HE:8>:HI=6I>HH>B>A6G
6C9 =6H 6 HBDDI= HI6A@ 7JI 6 K:GN GDJ<= HJG;68:9
HEDG:  #DL:K:G JCI>A I=6I HE:8>:H 86C 7: >HDA6I:9
6C9 86G:;JAAN HIJ9>:9 >I >H 9>;;>8JAI ID H6N BDG: 
JG>C<I=:G>H>C< HEDGD<:CHI6<:I=>H>HHDB:L=6I
H>B>A6GID  ! #45 

"!"# &# ' -  *A>K: 
-ID>6C  JAA  .DGG:N DI  AJ7      
4BN8DE=6<65
-NCDCNBH
"!"# &# K6G 
  ' -  *A>K: B:G  %  DI    
4BN8DE=6<65
"!"#&#K6G  !!!' - 
*A>K:  -ID>6C  B:G  %  DI    
 4BN8DE=6<65



"!

 # 





    




# 
69/8/3-(4*=4,   

422+387.=>HHE:8>:H>H9>HI>C8I7JIHJ7IAN
9>;;:G:CI ;GDB 6 CJB7:G D; DI=:G HE:8>:H  "
!"!!6G:K:GN8DBBDCDC=:G7>KDG:^H
HIDDAH45 .=::6H>:HIL6NID7:8DB:;6B>A>6GL>I=
>I>HIDH:IJE+$+L>I=HB6AA7>IHD;8DLH=::EDG
<D6I9JC< -EDGD86GEH6G:D;I:C<G:<6G>DJH7JI86C
D88JGH>C<AN -EDG:H6G:HE=:G>86ADGC:6GANHE=:G>
86A45 $CI=>HHIJ9NDCANH6BEA:HL:G:D7I6>C:9
;GDB I=: HD>A B6I:G>6A  .=:N L:G: 9:I:8I:9 DCAN
I=G:: I>B:H ;GDB I=: <GDJC9 B6I:G>6A >C I=: HIJ9N
!><   

!/2/1'6 75+)/+7 .=: HI6A@H D; +A6CDEGDIDHI:
A>JB 6JG6CI>JB 6C9 '!!! 
 #""6G:C6GGDL:G6C97:8DB:CDCG:;G68I>K:
C:6G I=: 6E:M  &! # #"!"! B6N 7:
G:;G68I>K: ;DG BDHI D; >IH =:><=I 7JI 8DB:H ID 6
9>HI>C8I C6GGDL ED>CI 6I >IH 6E:M  $IH 76H: JHJ6AAN
;A6G:HDJIIDI=:76H6A9>H@6C9>HCDIL>9:6C9C:6G
AN 8NA>C9G>86A  '!!! $#  =6H 6
HI6A@ I=6I B6N 7: G:;G68I>A: ;DG BDHI D; >IH =:><=I
6C9>IB6N7:JC9JA6I:=DL:K:G>ID;I:C=6HADC<>
IJ9>C6A G>9<:H >I C6GGDLH BDG: 6I >IH 6E:M 6C9 >I
;A6G:HDJICDI>8:67AN6I>IH76H:45 

'!!!  ' -  *A>K:
&  1=>IC:N(N8DAD<>6 



# 
69/8/3-(4*/+74,   

422+387 )DI JC8DBBDC >I >H BDG: 67JC
96CI >C I=: IGDE>8H I=6C >C I:BE:G6I: G:<>DCH  .=>H
HE:8>:H=6H7::CG:EDGI:9;GDB JGDE:456C9
,JHH>645 .=:HE:8>B:CH6G:;DJC9BDHID;I:CDC
9:86N>C< EG>B6GN I>HHJ:H DC 7DI= HI6C9>C< EA6CIH
6C9>CA>II:G '6C9DAI:I6A 4 5=6K:HI6I:9I=6II=>H
I6MDCG:8DK:G:9;GDBI=:HIJ9N=6K:7::C6K6>A67A:
>CI=:C6B:D;H8:CH>DC6IGDE>86AKDA86C>8>HA6C9
>CI=:IA6CI>8 *886H>DC6AAN>I>H;DJC9DC76G@DG
9:69 IL><H  .=: HI>E: >H CDI ;A:M>7A: 6C9 ;>C: ID
L6G9HI=:I>E .=:G:>H6@CD7 A>@:6EDE=NH>HHIGJ8
IJG: 6I I=: :C9 D; I=: HI>E:  .=:G: >H :K6C:H8:CI
HEDGD86GEHDCANDC:HEDG: -EDG:>HD7ENG>;DGB6C9
86BE6CJA6I:I=6I>H9:8>9JDJH45 *CANDC:HE:8>
B:C>CI=:HIJ9NL6H>9:CI>;>:9>CI=:<GDJC9B6I:
G>6A!><   

!/2/1'675+)/+7$I>H67DJII=:H6B:H>O:6H 
&7JIHEDG:H=6E:>H9>;;:G:CIHI6A@HI>;;
:G  -EDG: H=6E: 6C9 BDK:B:CI 6G: H>B>A6G ID 
!"# '"# 7JI HB6AA:G 6C9 HI6A@ HBDDI=
CDIG:<JA6GAN7:69:945 

 "!"!!' - *A>K:' - *A
>K:-ID>6C (N8DAD<>6 
-NCDCNBH "!"#  ' -  *A>K:
B:G % DI   


# 
69/8/3-(4*/+74,
    




"!

 # 





    


6C9 6AHD INE>86A D; I:BE:G6I: A>II:G L6H I=: DK:G
L=:AB>C<9DB>C6CID;I=:;DG:HI;ADDGA>II:G4 
  5 -EDGD86GEH6G:JHJ6AAN;DJC9G:A6I>K:AN
:K:CANHE68:9>CA6G<:<GDJEHH>C8:I=:N9:K:ADE:9
;GDB 6 H>C<A: EA6HBD9>JB  .=: HEDGD86GEH =6K:
K:GN H=DGI HI:BH 6C9 6G: HA><=IAN A6G<:G I=6C I=:
HEDG 9>6B:I:G  $C HDB: 86H:H I=: HI6A@ 9>H6EE:6GH
HJ99:CAN6C99DCDI C6GGDL  .=:HEDG:H6G:GDJC9
6C9 CDC 9:8>9JDJH 45   IDI6A D;  H6BEA:H L6H
D7I6>C:9  .LD D; I=:H: L:G: 6:G>6A 6C9 DC: L6H
D7I6>C:9;GDBI=:<GDJC9B6I:G>6A )D9:K:ADEB:CI
L6HD7H:GK:9>CI=:8DGI>8DADJHB6I:G>6A!><   

!/2/1'6 75+)/+7   6C9 I=>H HE:
8>:H 6G: =6G9 ID 9>HI>C<J>H= L=:C I=>H HE:8>:H >H 6I
I=:A6G<::C9D;>IHH>O:G6C<:6C9;GJ>IH>C<AN 'DD@
;DGHI6A@I>EHID9>HI>C<J>H=I=:B>;>I>HEDHH>7A:ID
H:: I=: HI6A@H ;DG I=:>G ;JAA A:C<I=  -:: 9>H8JHH>DC
L>I=    .=>H HE:8>:H >H 6AHD HJE:G;>
8>6AAN H>B>A6G ID  #! %#! 7JI I=6I
HE:8>:H=6HILDDG;DJGHEDG:H>C6HA><=IAN:AA>EHD>9
HEDG6C<>JB45 

'!!! $# ! ' -  *A>K: 
-ID>6C  (N8DAD<>6     4 5
4KJA<6G:5


422+387 .=: L>9:HEG:69 HE:8>:H I=6I 6G:
;DJC9 G:A6I>K:AN G:<JA6GAN DC 6CN @>C9 D; HJ7HIG6I:
DC L=>8= I=:N86C7: ;DJC9H>C<ANDG>C<GDJEH>C
I=:>HDA6I>DCE:IG>9>H=:H45 -EDGD86GEH Y eB
I6AA .=:HI>E:>HG6I=:GH=DGI6C9I=:I>E>HC6GGDL:9
6I DC8:  -EDG:H 6G: C:6GAN H=:G>86A Y eB >C
9>6B H>C<A:EGDEDGI>DC6AAN7><<AD7DH:JC>CJ8A:
6I: 6C9 CDC 9:8>9JDJH L>I= 6 B>CJI:AN EJC8I6I:
HJG;68:45 $I=6H7::CG:8DG9:9>C JGDE:45
6C9 ,JHH>6 45  *CAN DC: H6BEA: L6H >9:CI>;>:9
;GDB6:G>6AB6I:G>6A>CI=:HIJ9N!><   

!/2/1'6 75+)/+7 1=:C:K:G 6 H=DGI HI6A@:9
HE:8>:HD88JGH>C6+$+:K:GN:;;DGIH=DJA97:B69:
IDH::6HI6A@:K:C>;>IB:6CH@CD8@>C<HEDGD86GEH
DK:G .=>HHE:8>:H=6K:7::CD;I:CFJ>I:9>;;>8JAIID
9>HI>C<J>H= ;GDB '!!! !#
! 7:86JH: HEDGD86GEH 6I I=: HB6AA:G :C9 D; I=:
H>O: G6C<: D;   DK:GA6E >C H>O: L>I=
I=DH: D;  !#!   .LD 9>HI>C<J>H=>C<
8=6G68I:GHIDADD@;DG6G:I=6II=:HI6A@D;I=>H HE:
8>:H =6H I=: C6GGDL H:8I>DC 6I >IH 6E:M L=>A: I=:
HI6A@D;!#! I6E:GH:K:CANID>IHI>E
6C9 I=>H HE:8>:H I:C9 ID ;GJ>I H>C<AN DG L=:C
<GDJE:96C9I=:HEDGD86GEH6G:>GG:<JA6GANHE68:9 
#DL:K:G>I>HEGD767ANI=:86H:I=6IDC:HE:8>:H>H
D886H>DC6AANB>H>9:CI>;>:96HI=:DI=:GDC+$+45 

'!!! !#!  ' - 
*A>K: (  (6GI>C  -ID>6C  >C *A>K: (N8DAD<>6
   


#  
69/8/3-(4*=4,
      


#  
69/8/3-(4*=4,   

422+387 .=>H >H 6 HE:8>:H I=6I =6H LDGA9
L>9:9>HIG>7JI>DC6C9>H;DJC9DC9:86N>C<EG>B6GN
I>HHJ:H 67DJI :FJ6AAN DC HI6C9>C< EA6CIH 6C9 >C I=:
A>II:G 45  K:C I=DJ<= >I HDB:L=6I K6GN >C HI6A@
A:C<I=>I>HJHJ6AANG:A6I>K:AN:6HNID>9:CI>;N7N>IH
8D6GH: 6EE:6G6C8:  ->C<A: 6C9 CDC 9:8>9JDJH
HEDG:H =6K: L:77N EGDIGJ9>C< HEDG L6AAH 4 5 
!DJC9>C8DDABD>HI=67>I6IH>I>HD;I:CDC:D;I=:
;:L HE:8>:H :C8DJCI:G:9 45  AHD >I >H 6CDI=:G
HE:8>:HI=6I>H;6>GAN8DBBDCDC9:86N>C<:B:G<:CI
6FJ6I>8 EA6CIH  .=>H HE:8>:H =6H 7::C G:8DG9:9 >C
JGDE: 4  5 6C9 ,JHH>6 45  '69D 4 5 =6H
HI6I:9 I=6I >I >H FJ>I: 8DBBDC >C 8JAIJG:H ;GDB I=:




422+387 K:CI=DJ<=I=>HHE:8>:H>HDC:D;
I=:HB6AA:HIINE:H>I>H6AHDDC:D;I=: BDHI L>9:
HEG:69 D; EGDIDHI:A>9H  .=>H >H DC: D; I=: BDHI
8DBBDC EGDIDHI:A>9H LDGA9L>9: K:GN ;G:FJ:CIAN
;DJC9 >C I:BE:G6I: 6C9 IGDE>86A G:<>DCH 45 6C9 >I
L6H6AHDK:GN67JC96CI>CH6BEA:H;GDB JGDE:4
5 /@G6>C: 45 6C9 ,JHH>6 45  !#
! >H6A>II:GHE:8>:HI=6IEG:;:GHI=:;DG:HIA>II:G
B>8GD=67>I6I DK:G I=: <G6HHA6C9 A>II:G B>8GD=67>I6I



"!

 # 





    


!#!!

.JG@:N >H 6 E6GI D; I=: I=G:: 76H: E=NID<:D
<G6E=>86A G:<>DC (:9>I:GG6C:6C JGDE: ->7:G>6
$G6C .JG6C 688DBBD96I>C< H>M :8DG:<>DCH 6C9 
HJ7G:<>DCHI=6I=6G7DJGG>8=6C99>K:GH:K:<:I6I>DC
45  .=: HIJ9N =6H 7::C 86GG>:9 DJI >C JGH6
(6GB6G6,:<>DC6II=:/AJ96c/C>K:GH>IN"RGS@A:
6BEJH!DG:HI6C91>A9A>;:+GDI:8I>DCG:6I=6I>H
9DB>C6I:9 7N (:9>I:GG6C:6C IG6CH>I>DC 8A>B6I:
8DC9>I>DC  .DI6A  +$+ L6H HJ7?:8I:9 ID :M6B>C6
I>DC  I I=: :C9 D; I=: A67DG6IDGN D7H:GK6I>DCH
H6BEA: >HDA6I>DCH L:G: 86GG>:9 DJI ;GDB  E:IG>
9>H=:H D;L=>8=L:G:6:G>6A6C9 L:G:A>IIDG6A 
*CI=:DI=:G=6C9+$+6EEA>86I>DCH=69C:<6I>K:
G:HJAIH6C9CD68I>K>INL6HD7H:GK:9  <:C:G66C9
 HE:8>:H =6K: 7::C 9:I:8I:9 >C  ;6B>A>:H 
!"!! !   "!"# #
"# "!"# &# "! 
#  "#"# '!!! !#
!  $#%#!#=6K:7::C9:I:8I
:9;GDB6:G>6AA>II:G6C9<GDJC9B6I:G>6A!"!"
# # $"#'!!!
'!!!$# !=6K:7::C;DJC9DCAN
>C 6:G>6A B6I:G>6A  !"# ! # !
"# '"# "!"!!   
"!"#&  =6K:7::C>HDA6I:9;GDBA>IIDG6A
B6I:G>6A DCAN .67A:   )D I6MDC G:8DG9>C< =6H
7::C86GG>:9DJI>CI=:HIJ9NDC76G@H6BEA:H 
-DB:>BEDGI6CIHIJ9>:H=6K:7::C86GG>:9DJI
>CI=:(:9>I:GG6C:6CG:<>DC>CG:8:CIN:6GH4 5 
<J>A6G :I 6A  4 5 HIJ9>:9 I=: <GDJC9 6:G>6A 6C9
76G@H HE:8>B:CH >C  AD86A>I>:H >C HDJI=L:HI:GC
JGDE:6C9D7H:GK:9I=6II=:A:6HIHE:8>:H9>K:GH>IN
L6H>C76G@HB6I:G>6A $C-E6>CL=>8==6H(:9>I:G
G6C:6C 8A>B6I: 8=6G68I:G>HI>8H 6 G:H:6G8= B69: 7N
<J>A6G :I 6A  45 G:EDGI:9 !"!! 
!  !"# ! # "!"# &
 '!!! !#! 
&! # #"!"! '!!!
 '!!! !#
!  '!!! $# ! 6C9 
 $#  #  6H I=: BDHI 8DBBDC HE:8>:H
>C 7DI= 6:G>6A 6C9 <GDJC9 B>8GD=67>I6I  !JGI=:G
BDG:>C6HJ9N;GDB$7:G>8E:C>CHJA6<J>A6G6C9
'69D459:H8G>7:96C9G:8DG9:9IDHE:8>:H
DJI D; I=:  HE:8>:H D; B>8GDH8DE>8 EGDIDHI:AD>9
6BD:76: .=:I6MDCD; !"!!! 
!"# ! # "!"# &
# '!!!  '
!!! !#!  '!
!! $# ! 6C9  $#  #  =6K:
6AHD 7::C >9:CI>;>:9 >C DJG HIJ9N >C I=>H G:<>DC
L=>8= >H 8=6G68I:G>O:9 7N (:9>I:GG6C:6C IG6CH>I>DC
8A>B6I: 8=6G68I:G>HI>8H  88DG9>C< ID -E>:<:A 45
HIJ9N>C< BDG: EGDIDHI:A>9 HJ7HIG6I:H >C 9>;;:G:CI
G:<>DCHL>AAG:HJAI>CI=:>9:CI>;>86I>DCD;C:LINE:H
D;I=>HDG<6C>HB 
"D:;;G:N:I6A 45G:EDGI:9I=6IB>8GD=67>I6I
6:G>6A <GDJC9 A>II:G 9>9 CDI =6K: 6 H><C>;>86CI

$7:G>6C +:C>CHJA6  *CAN DC: H6BEA: >C DJG HIJ9N
L6HG:8DK:G:9;GDBI=:6:G>6AB6I:G>6A!><   

!/2/1'675+)/+7(DDG:6C9-E>:<:A4 5HI6I
:9 I=6I I=:  $# ! L6H JC8DBBDC 6C9 8DB
EG>H:9YD;I=:IDI6A8DADC>:HL>I= !"
!!! 6C9&! ##"!"!
#"!"!>HI=:BDHIA>@:ANHE:8>:HID7:8DC;JH:9
L>I=$# !7JII=:;DGB:G=6H6EGDEDGI>DC6AAN
I=>CC:GHI6A@L=>8=I6E:GHID6;>C:ED>CI #DL:K:G
DC: H=DJA9 7: 86G:;JA H>C8: I=: ILD HE:8>:H L>AA
D;I:C ;GJ>I ID<:I=:G L>I= I=: E6I8=:H D; HEDGD86GEH
>CI:GB>M:9 $I86C7:9>HI>C<J>H=:9;GDB 
7N>IH8D6GH:GADD@>C<HI6A@H45 

 $# %#!# ' -  *A>K: 
-ID>6C  -E>:<:A >C -E>:<:A ":8@H :I !:A9B6C % 
J@6GNDI>8(>8GD7>DA    
-NCDCNBH "!"# %#!# ' -  *A>K:
 -ID>6C  .G6CH  G>I  (N8DA  -D8   
  



#  
69/8/3-(4*/+74,  

422+387 )DI JC8DBBDC I=>H HE:8>:H >H
;DJC9 DC 9:69 EG>B6GN I>HHJ:H DC 7DI= HI6C9>C<
EA6CIH6C9>CA>II:G $I>HHDB:L=6IBDG:67JC96CI>C
I=:IGDE>8HI=6C>CI:BE:G6I:=67>I6IH45 <J>A6G:I
6A 45G:EDGI:9I=6I>IL6H;DJC9DCANDC8:9JG>C<
I=: HIJ9N DC ;GDB $7:G>8  .=: HI>E: >H ADC<:G 6C9
7>E6GI>I: L>I= 6 7GD69AN I6E:G:9 76H6A H:8I>DC  .=:
76H6A E6GI >H I=>8@ 6C9  D; I=: IDE E6GI >H I=>C 
.=:HI6A@9>H6EE:6G:9HJ99:CANL=:CI=:9:8>9JDJH
HEDG:HL:G:EDJG:9 -EDG:H76AA>HIDHEDGDJHHE=:G>
86A HBDDI= L6AA:9 76H6AAN 6E>8JA6I: JC>CJ8A:6I:
45 $CI=:HIJ9NDCANDC:HE:8>B:C9:K:ADEB:CI
L6H;DJC9>C7DI=6:G>6A6C9<GDJC9B6I:G>6AH!>< 
 

!/2/1'675+)/+7)DC:>;>I>H:M6B>C:986G:
;JAAN )DDI=:GHE:8>:H=6HHJ8=6G:;A:M:97>E6GI>I:
HI6A@ $;K>:L:9;GDBI=:LGDC<6C<A:6HEDGD86GE
B><=I 7: B>HI6@:C ;DG DC: D;  & 7JI
I=:G:L>AA7:CD:BEINHI6A@H6GDJC96C9I=:G:L>AA
6ABDHI6AL6NH7:HDB:[;G>:9:<<\+-+C:6G7N45 





"!

 # 





    


 !

4 5 *A>K:' - 6C9-ID>6CDK>I8=  (DCD
<G6E= D; .=: ":CJH +GDIDHI:A>JB  B:G>86C
%DJGC6AD;DI6CN   
45 *A>K: ' -  6C9 -ID>6CDK>I8=     .=:
EGDIDHI:A>9 <:CJH -8=>ODEA6HBD9>DEH>H  (N8D
AD<>6  

45 -E>:<:A! 1   #6C97DD@D;+GDID8I>HI6 
%DC:H6C96GIA:II+J7A>H=:GH6A>;DGC>6/-
  
45 *A>K: ' -    .=: +GDIDHI:A>96 Y  C:L
DG9:G D; I=: (N8:IDOD6  (N8DAD<>6   
 
45 -E>:<:A ! 1  -=69L>8@  %  '>C9A:N '  
GDLC (  )9:G>IJ 1 "     :<>C
C:G^H "J>9: ID $9:CI>;N>C< I=: +GDIDHI:A>9H 
/C>K:GH>IND;G@6CH6H!6N:II:K>AA:/- 
45 <J>A6G( -E>:<:A! 1 6C9'69D 

(>8GD=67>I6I 6C9 A>B6I>8 +G:;:G:C8:H D; +GD
IDHI:AD>9BD:76:>C6,:<>DCL>I=6(:9>I:G
G6C:6C A>B6I:  (>8GD7>6A 8DAD<N    Y
 
45 .:HB:G% ,JA>@ -E>:<:A! 1 -=69L>8@
%  -8=C>IIA:G (    +GDIDHI:A>9H ;GDB
":GB6C ::8= ;DG:HIH  (N8DAD<>86A +GD<G:HH 
Y 
45 !::HI     .=: FJ6CI>I6I>K: :8DAD<N D;
HD>ABN8:IDOD6 +GD< +GDI>HIDA  Y 
45 (DDG:'  6C9-I:E=:CHDC' -  +GD
IDHI:A>9H ;GDB IGDE>86A ;DG:HIH LDD9A6C9H 6C9
9:H:GIH >C JHIG6A>6  (N8DAD<>6    
 
4 5'>C9A:N '  -I:E=:CHDC ' -  6C9 -E>:<:A
! 1    +GDIDHI:A>9H 6C9 BNMDBN8:I:H
>HDA6I:9 ;GDB 6FJ6I>8 =67>I6IH  (N8DAD<>6 
    
4 5.:HB:G %  6C9 -8=C>IIA:G (    FJ6I>8
EGDIDHI:A>9HZ HIJ9N ;GDB CDGI=:6HI:GC ":G
B6CN !JC<6A 8DA   Y  
4 5(DDG: '   6C9 -E>:<:A ! 1    (>8GD
=67>I6I9>HIG>7JI>DCD;EGDIDHI:A>9H>CI:BE:G6I:
=67>I6IH >C CDGI=L:HI:GC G@6CH6H  6C69>6C
%DJGC6AD;DI6CN Y 
4 5<J>A6G (  '69D   -E>:<:A ! 1   
+GDIDHI:A>9H ;GDB 9:8>9JDJH ;DG:HIH ;`GHI 96I6
;GDB HDJI=L:HI:GC JGDE:  .=: G>I>H= (N8D
AD<>86A-D8>:IN   
4 5'6C9DAI %   -=69L>8@  %  6C9 -I:E=:CHDC
' -    !>GHI G:8DG9H D; 9>8INDHI:A>9H 6C9
EGDIDHI:A>9H ;GDB H8:CH>DC $HA6C9  -N9DL>6 
  
4 5(DDG: '   6C9 -E>:<:A ! 1    (>8GD
=67>I6I 9>HIG>7JI>DC D; EGDIDHI:A>9H >C IGDE>86A
;DG:HIHD;I=:6G>77:6C)6I>DC6A!DG:HI+J:G
ID,>8D (N8DAD<>6  Y 





>C;AJ:C8: DC :>I=:G I=: 67JC96C8: DG HE:8>:H G>8=
C:HH D; ;GJ>I>C< 6BD:76:  (>8GD=67>I6I 6AHD B69:
CD 9>;;:G:C8: ID I=: H><C>;>86C8: D; 8DGG:A6I>DCH
7:IL::C 7GD69:G :CK>GDCB:CI6A ;68IDGH > :  A6I>
IJ9::A:K6I>DC6C96CCJ6AEG:8>E>I6I>DC6C98DB
BJC>ING>8=C:HHDG67JC96C8:  8DHNHI:BINE:9>9
CDI =6K: 6CN H><C>;>86CI :;;:8I DC I=: G>8=C:HH DG
67JC96C8: L>I= BDHI HE:8>:H 9>HEA6N>C< 6 8DHBD
EDA>I6C9>HIG>7JI>DC6BDC<I=:9>;;:G:CI:8DHNHI:BH 
88DG9>C< ID !::HI 45 6C9 -E>:<:A 45 6AA
@CDLC EGDIDHI:AD>9 HE:8>:H 6G: =:I:GDIGDE=>8 B>
8GDDG<6C>HBH 6C9 68I 6H EG:96IDGH DC I:GG:HIG>6A
9:8DBEDH:GHHJ8=6H768I:G>6N:6HIH6C9HEDG:HD;
;>A6B:CIDJH;JC<> AHDCDI:9I=6I7N-E>:<:A:I6A 
45 EGDIDHI:A>DBN8:I:H <GDJE DG<6C>HBH EA6N 6C
>BEDGI6CIGDA:>CI=:G:<JA6I>DCD;I=:EDEJA6I>DCD;
768I:G>6>CHD>A6C9DI=:G B>8GD7>6A=67>I6IH .=:H:
;JC8I>DCHD;I=:<GDJEH=DJA97:8DCH>9:G:96IA:6HI
6H6C>BEDGI6CI:8DAD<>86A8DCIG>7JI>DCID7>DG:B:
9>6I>DC 6C9 G:<JA6I>DC >C C6IJG6A B>8GD7>6A :CK>
GDCB:CIH 
$CI=:K:GN;>GHIHIJ9N>C.JG@:N I6MDCG:
8DG9>C< L:G: B69: 7N I=: +GDIDHI:A>9 <GDJE 45 
.=>HI>B:6IDI6AD; EGDIDHI:A>9HE:8>:H=6K:7::C
>9:CI>;>:9 >C I=: HIJ9N >C H>B>A6G 8DCI:CIH  $C I=:
EG:H:CIHIJ9NC:LI6M6=6K:7::C699:9;DG.JG
@:N !"!"# # $"# !"# '
"#  "!"# # "# "! 
#  "#"# "!"!!  "!"
# &   6C9  $# %#!#  .=JH
I=: CJB7:G D; EGDIDHI:A>9 I6MDC HE:8>:H ;GDB .JG
@:N=6HG:68=:9 
.=: HIJ9>:H ;DG I=: EGDIDHI:A>9H 6G: HI>AA K:GN
C:L 6C9 >I >H =DE:9 I=6I I=: CJB7:G D; G:8DG9H D;
I6MDC 7:ADC<>C< ID I=: 8A6HH D; EGDIDHI:A>9 ;GDB
.JG@:NL>AA>C8G:6H:L>I=I=:HIJ9>:HID7:9DC:>C6
L>9:G 6G:6 6C9 >C 9>;;:G:CI G:<>DCH  .=: EG:H:CI
HIJ9NDCI=:EGDIDHI:A>9H>C.JG@:NL>AA:C67A:JHID
7:II:G :AJ8>96I: I=: 7>D<:D<G6E=>86A 9>HIG>7JI>DC D;
EGDIDHI:A>9H7DI=AD86AAN6C9<AD76AAN 


%"!

.=:HIJ9N>H6B6HI:GHI=:H>H6C9L6H86GG>:9
DJI 7N 7GJ -:GI  =B:I #6H6C >H 6 I=:H>H 69K>HDG
6C9   :B G<SA >H 6 H:8DC9 I=:H>H 69K>HDG  DI=
I=:H>H69K>HDGH6G:8JGG:CIAN68I>K:6869:B>8>6CH>C
I=:>G>CHI>IJI>DCH 
.=>HHIJ9N>H76H:9DCI=:(-8I=:H>H:CI>IA:9
].=: :;>C>86I>DC 6C9 >6<CDH>H D; +GDIDHI:A>DBN
8:I:H"GDJE*G<6C>HBHI=6I6G:$HDA6I:9>C!DG:HIGN
6C9 1>A9A>;: -6K>C< G:6 D; /AJ96c /C>K:GH>IN
6BEJH^ >C .G6@N6 /C>K:GH>IN $CHI>IJI: D; )6IJG6A
-8>:C8: :E6GIB:CI D; >DAD<N LG>II:C 7N 7GJ
-:GIHJE:GK>HDGH=B:IH6C6C9 :B G<SA 
.=>H HIJ9N L6H EG:H:CI:9 6I I=: HNBEDH>JB
[ HI $CI:GC6I>DC6A JG6H>6 (N8DAD<N DC<G:HH  
%JAN (6C>H6 .JG@:N\ 


 

"!

 # 





    


45CDCNBDJH   A>B6I: A6HH>;>86I>DC . 
  (>C>HIGN D; <G>8JAIJG: 6C9 !DG:HIGN ":C
:G6A >G:8IDG6I: D; (:I:DGDAD<N C@6G6 .JG
@:N  =IIEH LLL B<B <DK IG >@A>B >@A>B H>C>;
A6C9>GB6A6G> 6HEMB/,-688:HH:9%J
AN  >C.JG@>H= 
4 5-E>:<:A ! 1  6C9 !:A9B6C %    !GJ>I>C<
7D9N 9:K:ADEB:CI >C I=: BN8:IDOD6C 8=>
CDHI:A>JB 7>HEDGJB  6C69>6C %DJGC6A D;
DI6CN    
4 5-E>:<:A ! 1  -=69L>8@ ' '  )9>G>IJ
" " GDLC( 1 <J>A6G( -=69L>8@
%     +GDIDHI:AD>9 BD:76: +GDID
HI:A>>96 +GDIDHEDG6C<>>96 6KDHI:A>>96
-8=>ODEA6HBD9>>96 !G68IDK>I:A>>96 6C9 -ED
GD86GE>8 (:B7:GH D; 06CC:AA>96 :CIG6
BD:7>966C9+:AA>I>96 $CG8=>76A9% :I6A 
:9H #6C97DD@ D; I=: +GDI>HIH  -EG>C<:G
=6B 
45(DDG: '   6C9 -I:E=:CHDC ' -    (>
8GD=67>I6I 9>HIG>7JI>DC D; EGDIDHI:A>9H >C 6
.GDE>86A1:I!DG:HI>CDHI6,>86 (N8DAD<>6 
 

45-E>:<:A ! 1  6C9 -=69L>8@  %    
C:L 76AA>HIDHEDGDJH HE:8>:H D; +GDIDHI:A>JB 
(N8DAD<>6    
45<J>A6G( 6C9'69D  =:8@ A>HID;
B>8GDH8DE>8 EGDIDHI:AD>9 6BD:76: ;GDB I=:
-DJI=L:HI D; JGDE:  CC6A:H %6G9  DI  (6
9G>9    
45=IIEH LLL 9>H8DK:GA>;: DG< BE  F<J>9:+G
DIDHI:A>9H 688:HH:9)DK:B7:G  
45=IIEH :C L>@>E:9>6 DG< L>@> +GDIDHI:AD>9 

688:HH:9)DK:B7:G  
45'69D   
 C DC A>C: CDB:C8A6IJG6A
>C;DGB6I>DC HNHI:B D;
JBN8:IDOD6 
=IIEH :JBN8:IDOD6 8DB 96I6 <:C:G6 E=E ,:6A
%6G9QC DIPC>8D -$  (69G>9     
688:HH:9)DK:B7:G  
45=IIEH IG 8A>B6I:
96I6 DG< 6HN6 IJ:G@>N: 7JGH6 7JGH6   
d@A>BJGH6 688:HH:9)DK:B7:G  
451=>IC:N &   :CC:II 1  6C9 *A>K: ' - 
  *7H:GK6I>DCH DC
8=>CDHI:A>JB
7>HEDGJB (N8DAD<>6   
4 5<J>A6G ( 6C9 '69D     =:8@ A>HI D;
B>8GDH8DE>8 EGDIDHI:AD>9 6BD:76: ;GDB I=:
-DJI=L:HI D; JGDE:  C6A:H 9:A %6G9QC D
IPC>8D9:(69G>9    
4 5*A>K: ' -    .=: <:CJH +GDIDHI:A>JB 
B:G>86C%DJGC6AD;DI6CN    
45*A>K: ' -  6C9 -ID>6CDK>I8=     A6H
IDHI:A>JB 6 C:L 76AA>HIDHEDGDJH EGDIDHI:A>9
(N8:IDOD6L>I=;A6<:AA6I:8:AAH .G6CH68I>DCH
D; I=: G>I>H= (N8DAD<>86A -D8>:IN    
 
45*A>K: ' -  6C9 1=>IC:N &      C:L
HE:8>:HD;I=:EGDIDHI:A>9<:CJH-8=>ODEA6HBD
9>DEH>H (N8DAD<>6   


4 5-I:E=:CHDC ' -  '6C9DAI  %  6C9 (DDG:
'     +GDIDHI:A>9H 9>8INDHI:A>9H 6C9
BNMDBN8:I:H >C I=: A>II:G B>8GD=67>I6I D; I=:
'JFJ>AAD ME:G>B:CI6A !DG:HI +J:GID ,>8D 
(N8DAD<>86A,:H:6G8=     
4 5-=69L>8@  %  6C9 -I:E=:CHDC ' -   
!>GHI G:8DG9H D; EGDIDHI:A>9H ;GDB CDGI=:GC $C
9>6 !JC<6A>K:GH>IN     
4 5-=69L>8@' ' -E>:<:A! 1 -=69L>8@ % 
GDLC ( 1  ->A7:GB6C %    
JBN8:IDOD6 BD:7DOD6 --/G) +=N
AD<:CN D; +GDIDHI:AD>9 -A>B: (DA9H 6C9 $IH
-><C>;>86C8: ;DG I=: BD:7DOD6C -JE:G<GDJE 
+'D-*C: : 
4 5)9>G>IJ " "  -I:E=:CHDC ' -  6C9 -E>:<:A
! 1  !>GHIG:8DG9H6C9B>8GD=67>I6I6H
H:HHB:CI D; EGDIDHI:A>9H >C I=: 7:G96G: G:
<>DC 8:CIG6A &:CN6  % J@6GNDI (>8GD7>DA 
 Y  
4 5-I:E=:CHDC' - 6C9(DDG:'   +GD
IDHI:A>9H ;GDB IGDE>86A ;DG:HIH D; DHI6 ,>86 
(N8DAD<>6    
4 5(DDG: '   -I:E=:CHDC ' -  6C9 '6JGH:C
"  
+GDIDHI:A>9H;GDB7DG:6A;DG:HI6C9
IJC9G6 :8DHNHI:BH >C A6H@6  (N8DAD<>6 
  
45-E>:<:A ! 1  6C9 -I:E=:CHDC ' -  

+GDIDHI:A>9H D; (68FJ6G>: $HA6C9  (N8DAD<>6 
  
45-=69L>8@  %  -I:E=:CHDC ' -  6C9 -E>:<:A
! 1  >HIG>7JI>DC6C9:8DAD<ND;EGDID
HI:A>9H >C "G:6I -BD@N (DJCI6>CH )6I>DC6A
+6G@ (N8DAD<>6 
  
45":D;;G:N 3  -I:E=:CHDC ' -  6C9 -E>:<:A
! 1    8DAD<>86A 9>HIG>7JI>DC D; EGDID
HI:AD>9 6BD:76: >C ):L 3:6A6C9  +::G %  
: 
45&DH=:A:K6  +  -8=C>IIA:G ( )DKDO=>ADK
2 &    +GDIDHI:A>9H D; I=: [-IDA7N\ -I6I:
,:H:GK:->7:G>6 6HI:GC-6N6C +GDI>HIDAD<N 
Y 
45'69D   6C9 <J>A6G (    8DAD<>86A
C>8=: BD9:AHG:K:6AI=:>BEDGI6C8:D;8A>B6I:
K6G>67>A>IN;DGI=:7>D<:D<G6E=ND;EGDIDHI:AD>9
6BD:76: $-( %      
45&6N6 , -     !6JC>HI>8 ,:H:6G8= DC
!6B>A>:H D; ,6C:>96: .=:G>9>>96: 6C9 .=D
B>H>96: G68=C>96 G6C:6C: '>K>C< >C I=:
6BEJHG:6D;/AJ96c/C>K:GH>IN (-8.=:
H>H /AJ96c/C>K:GH>IN$CHI>IJI:D;-8>:C8:6C9
.:8=CDAD<NJGH6 >C.JG@>H= 
45"SA )  6C9 G<SA      -IJ9>:H DC
+G:H:C8:6C9>HIG>7JI>DCD;+GDIDHI:A>9"GDJE
*G<6C>HBH >C I=: 6BEJH G:6 D; JGH6
/AJ96< /C>K:GH>IN  %  >DA  CK>GDC  -$ 
   >C.JG@>H= 





 

"!

 # 





    


45"AJHI8=:C@D 0 $  @JADK  2  ':DCI>:K
 0    !>GHI G:8DG9H D; B>8GDH8DE>8 EGD
IDHI:A>9H >C /@G6>C:  (>@DAD<>N6 > !>IDE6ID
AD<>N6 Y  
45*A>K: ' -  6C9 -ID>6CDK>I8=     +GDID
HI:A>JB:MEJAHJBHE CDK 6H>BEA:BN8:IDOD
6C L>I= 6 JC>FJ: B:I=D9 D; HEDG: 9>H8=6G<: 
.G6CH68I>DCHD;I=:G>I>H=(N8DAD<>86A-D8>:
IN     
45I6A6N d    8DHNHI:B 8DAD<N 6C9 ":
D<G6E=N 0DA $$ (:I6+J7A>H=:GdOB>G.JG@:N
$C.JG@>H= 





+)+/:+*
 
))+58+*



 !#" 

+26-91
:E6GIB:CID;>DAD<N
!68JAIND;GIH6C9-8>:C8:H
JGH6/AJ96</C>K:GH>IN
JGH6Y.JG@:N

: B6>A:G<JA8JAJ96< :9J IG




#"

  $  





  !






&""!!"#$&'!&"!+
'&($"!!!"&'%"!&
#$"#$&%"!!&"!&(&$%
$!'



-/>66,3"B5,8


$JB<E;<ILE/<:?E@:8C0E@M<IJ@KP <G8IKD<EKF=+<KIFC<LD8E;)8KLI8C"8J E>@E<<I@E> #8K8P  /LIB<P



%&$&

/?@J JKL;P 8@DJ KF @EM<JK@>8K< 8E; ;<=@E< K?<
@E=CL<E:<F=>FC;E8EFG8IK@:C<=LE:K@FE8C@Q<;DLCK@
N8CC<; :8I9FE E8EFKL9<J L)+ G (2)/J FE
K?<G<I=FID8E:<F=;I@CC@E>=CL@;JKFD8B<K?<;I@CC
@E> FG<I8K@FE JDFFK? 8E; <==@:@<EK  !FI K?@J GLI
GFJ<L)+ G (2)/JLJ<;8J8E8;;@K@M<@EK?<
I8E>< F=   KF    N M @E N8K<I 98J<; )8
9<EKFE@K< ;I@CC@E> =CL@;  /?< :?8I8:K<I@Q8K@FE F=
L)+ G (2)/J 8E; )8 9<EKFE@K< N<I< LJ<; @E
K?<GC8@E;I@CC@E>=CL@;?8J9<<E<O8D@E<;LJ@E>3
I8PG?FKF<C<:KIFEJG<:KIFJ:FGP3+. KI8EJD@JJ@FE
<C<:KIFED@:IFJ:FGP/ (8E;3 I8P=CLFI<J:<E:<
JG<:KIFD<K<I 3-!  /?< I?<FCF>@:8C GIFG<IK@<J
JL:? 8J 8GG8I<EK M@J:FJ@KP 1  GC8JK@: M@J:FJ@KP
+1  P@<C; GF@EK 4+ 8E; ><C JKI<E>K? F= K?<
L)+ G (2)/J 8;;<; ;I@CC@E> =CL@; N<I< ;<
K<ID@E<; /?<=@CKI8K@FEGIFG<IK@<JN<I<8CJF<O8D
@E<;LJ@E>8E+$!@CK<I+I<JJ /?<I<JLCKJ@E;@:8K<;
K?8K K?< L)+ G (2)/J N8J 8 >FF; :8E;@;8K<
8J8;I@CC@E>=CL@;8;;@K@M<;L<KFK?<@E:I<8J@E>+1
    1    4+    8E; ><C
JKI<E>K?J  J<:FE;   8E;  D@ELK<  
8E;K?<I<;L:K@FE@EK?<CFJJF==@CKI8K< 


HL8C@KP ;I@CC@E> =CL@; D8B<J ;I@CC@E> FG<I8K@FEJ
<8J@<I 8E; :FJK <==<:K@M<  !FI K?@J GLIGFJ<  D8EP
JKL;@<J ?8M< 9<<E I<GFIK<; KF @DGIFM< K?< I<C8K<;
GIFG<IK@<J F= ;I@CC@E> =CL@;J 9P LJ@E> JFD< 8;;@
K@M<J  LJL8CCP GFCPD<IJ  FI< 8E; E8EF D8K<I@8CJ  8K
;@==<I<EK :FDGFJ@K@FEJ 6 7  -<:<EKCP  E8EFK<:?
EFCF>P?8M<9<<E8GGC@<;@EK?<F@C8E;>8J@E;LJKIP
KFJFCM<;@==<I<EK@E;LJKI@8CGIF9C<DJI8E>@E>=IFD
<E?8E:<; F@C I<:FM<IP  *-  =CFN 8JJLI8E:<  8E;
DFI< @DGFIK8EKCP ;I@CC@E> FG<I8K@FEJ 6 7  )8EF
K<:?EFCF>P F==<IJ C@>?K  JKIFE> 8E; :FIIFJ@FE
I<J@JK8EK D8K<I@8CJ N?@:? @J N?8K K?< ;I@CC@E> =CL@;
@E;LJKIP E<<;J 67  /?< 8GGC@:8K@FE F= E8EFG8IK@
:C<J8J8;;@K@M<J@E;I@CC@E> =CL@;J?8JJ?FNE ?FG<
=LCJFCLK@FEJKF@E?<I<EK;I@CC@E>=CL@;JGIF9C<D6 
7 L<KFK?<LCKI8=@E<J@Q<8E;?@>?JLI=8:<8I<8
KFMFCLD<I8K@FF=E8EFG8IK@:C<J DL;<E>@E<<IJ8I<
89C<KF8;ALJKK?<;I@CC@E>=CL@;I?<FCF>P9PDF;@=P
@E> K?< :FDGFJ@K@FE  KPG< FI J@Q< ;@JKI@9LK@FE @E
;I@CC@E>=CL@;JKF8::FDDF;8K<8EPJG<:@8CJ@KL8K@FE
N?<E E8EFG8IK@:C<J 8I< LJ<; 8J 8;;@K@M<J 6   
7 <>8K8C 678@DJKF<M8CL8K<K?<I?<FCF>@:8C
:?8I8:K<I@JK@:J 8E; CL9I@:@KP F= ;@==<I<EK E8EF
G8IK@:C<J @E N8K<I 98J<; DL;  N@K? K?< GFK<EK@8C KF
I<;L:<:FJKJM@88;<:I<8J<@E;I8>8E;KFIHL<;LI
@E> K?< :FEJKIL:K@FE F= ?@>?CP ;<M@8K<; 8E; -
N<CCJ  OK<EJ@M< I<JLCKJ 8I< GI<J<EK<; =FI G<I:<EK
8>< @E KFIHL< M8I@8K@FE 8E; :F<==@:@<EK F= =I@:K@FE
9<=FI< 8E; 8=K<I 8>@E>  -?<FCF>P @J <M8CL8K<; M@8
8GG8I<EKM@J:FJ@KP GC8JK@:M@J:FJ@KP8E;><CJKI<E>K?
M8I@8K@FE 9<=FI< 8E; 8=K<I 8>@E> =FI N8K<I 98J<;
DL;J 2(  -<JLCKJ 8I< @E:CL;<; =FI J@C@:8 8E;
K@K8E@LD E8EF G8IK@:C<J 8K ;@==<I<EK :FE:<EKI8K@FEJ 
/?<J< GIFG<IK@<J N<I< D<8JLI<; 9<=FI< 8E; 8=K<I
8>@E>K?<DL;J8DGC<J8KU;LI@E>?8KJK8K@:
:FE;@K@FEJ  /?< 9<JK G<I=FID8E:< N8J J?FNE N@K?
K@K8E@LDE8EFG8IK@:C<J8K8:FE:<EKI8K@FEF= 
N N9<=FI<8>@E> /?<K?<ID8C:FE;L:K@M@KPGIFG
<IK@<J F= K?I<< KPG<J F= )/J E8EF=CL@;J N@K? ;@=
=<I<EK)/.8;;<;KF;< @FE@Q<;N8K<I N<I<:FD
G8I<; 8E; 8E8CPQ<; <OG<I@D<EK8CCP  /?< I<JLCKJ
J?FN K?8K )/J E8EF=CL@;J <O?@9@K ?@>?<I K?<ID8C
:FE;L:K@M@K@<J K?8E K?8K F=98J< =CL@;  8E; K?< K?<I
D8C :FE;L:K@M@K@<J @E:I<8J< N@K? K?< @E:I<8J< F=
:FE:<EKI8K@FE8JN<CC8JK?<@E:I<8J<@EK<DG<I8KLI<
67 &8Q<D@ <P;FB?K@8E;#8A@898;@678@DJKF


*("$%
"FC; )8EFG8IK@:C<J  (LCK@ 28CC<; 8I9FE )8EFKL9<J 
28K<I 98J<; ;I@CC@E> =CL@;  -?<FCF>@:8C 8E; =@CKI8K@FE
GIFG<IK@<J



!&$"'&"!

I@CC@E> =CL@; 8CJF :8CC<; ;I@CC@E> DL; ?8J
D8EP =LE:K@FEJ JL:? 8J N<CC9FI< :C<8E@E>  :FFC@E>
8E; CL9I@:8K@E> F= K?<9@K 8E; ;I@CC JK@E>  =FID8K@FE
F= 8E @DG<ID<89C< :8B<  :?<:B@E> ?@>? =FID8K@FE
GI<JJLI<J8E;:FIIFJ@FEGIFK<:K@FE@E;I@CC@E>FG<I8
K@FEJ  I@CC@E> =CL@;J 8I< ><E<I8CCP :8K<>FI@Q<; @E
K?I<< D8@E :C8JJ<J  E8D<; N8K<I 98J<; DL;J  F@C
98J<;DL;J 8E;8@I;I@CC@E>=CL@;6 7 /?<N8K<I
98J<; ;I@CC@E> =CL@; @J =I<HL<EKCP LJ<; 8E; :FEJ@JKJ
F= D8@ECP N8K<I  9<EKFE@K<  M@J:FJ@=@<I  =CL@; CFJJ
I<;L:<I 8E; CL9I@:8EKJ 67  $K @J BEFNE K?8K 8 ?@>?



#"

  $  





  !




;I@CC@E>=CL@;N<I<@EM<JK@>8K<;@E;<K8@C /?<=@CKI8
K@FE8E;K?<I?<FCF>@:8CGIFG<IK@<JJL:?8J8GG8I<EK
M@J:FJ@KP 1  GC8JK@: M@J:FJ@KP +1  P@<C; GF@EK
4+ ><CJKI<E>K?J F=K?<GC8@EN8K<I98J<;;I@CC@E>
=CL@; 8E; K?< L)+ G (2)/J 8;;<; ;I@CC@E>
=CL@; N<I< :8II@<; FLK 8::FI;@E> KF K?< D<I@:8E
+<KIFC<LD$EJK@KLK<+$-+ 67I<:FDD<E
;8K@FEJ=FIK<JK@E>2! 


&$%! &"%

>8.=498,64B,=498 91 (!&< ,8/ #;0:,
;,=498< 91 >!# :,7489=349:30896 1>8.=498,6
4B0/ 7>6=4@,660/ .,;-98 8,89=>-0< :
(!&< ,8/ >!# : (!&< CC :?<D@
:8CJK?8KLJ<;@EK?<<OG<I@D<EKJN<I<I<8><EK>I8;<
8E; N<I< LJ<; 8J I<:<@M<; =FCCFN@E> K?< DLCK@
N8CC<; :8I9FE E8EFKL9<J (2)/J F=  ED
@E ;@8D<K<I 8E;     YD @E C<E>K? GLI@KP X 
 N<I<GLI:?8J<; =IFD .@>D8[C;I@:? #P;IF><E
K<KI8 :?CFIF8LI8K< ?P;I8K< #LC .@>D8[
C;I@:?  0.  G 8D@EFK?@FG?<EFC G/+ .@>
D8[C;I@:?  0.  KI@JF;@LD :@KI8K< ;@?P;I8K<
)8#* #* .@>D8[C;I@:?  0.  
<K?PC  6 ;@D<K?PC8D@EFGIFGPC7
:8I9F;@@D@;<
?P;IF:?CFI@;<   .@>D8[C;I@:?  0. 
#+' >I8;< 8:<KFE@KI@C< (<) .@>D8[C;I@:? 
0.  D<K?8EFC .@>D8[C;I@:?  0. 8E; FK?<I
:?<D@:8CJ N<I< I<8><EK >I8;< HL8C@KP   D> F=
(2)/ N8J KI<8K<; N@K?  D' F= :FE:<EKI8K<;
#)* #.* M M=FI? =K<IJFE@:8K@FE 
K?< D@OKLI< N8J =@CK<I<; 8E; N8J?<; J<M<I8C K@D<J
N@K?LCKI8 GLI<N8K<ILEK@C8G#C<M<CF=   N8J
I<8:?<;  /?< =LE:K@FE8C@Q<; (2)/J N<I< ;I@<;
8K F=FI? /?@JKI<8KD<EKN8JG<I=FID<;KF
FG<EK?<<E;JF=:8I9FEE8EFKL9<J8E;8;;:8I9FO
PC@:>IFLGJFEK?<JLI=8:<F=:8I9FEE8EFKL9<J67 
 D' F=   D( #LC N8J 8;;<; @EKF 8
D'MFCLD<KI@:=C8JBFE8JK@II@E>?FKGC8K< LI
@E> JK@II@E>   D' F= )8#* #*  N8J
JCFNCP8;;<;@EKFK?<>FC;GI<:LIJFIJFCLK@FE8K
F
  /?< JFCLK@FE N8J N<CC D@O<; 8K K?< J8D< K<D
G<I8KLI<LEK@C K?<:FCFIF=JFCLK@FE:?8E><;KFI<; 
8E;K?<E@KN8J9F@C<;=FID@ELK<J67 
/?< =LE:K@FE8C@Q<; (2)/J N<I< ;@JJFCM<;
@E  D' F= <K?8EFC 8K 8 :FE:<EKI8K@FE F=   D>
D' N@K?K?<8@;F=LCKI8JFE@:8>@K8K@FE=FI?FLI 
=K<I K?8K  8 ?FDF><E<FLJ 9C8:B JLJG<EJ@FE N8J
=FID<; /F<EJLI<K?<JLI=8:<8:K@M8K@FEF=:8I9FO
PC8K< >IFLGJ F= K?< =LE:K@FE8C@Q<; (2)/J  K?<
=LE:K@FE8C@Q<;(2)/JJLJG<EJ@FEN8J@EK<I8:K<;
N@K? ( JFCLK@FE=FI?FLIJ /?<8:K@M8K<;
(2)/JJLJG<EJ@FEN8JN<CCD@O<;N@K? D(
G/+ 8K 8  MFCLD< I8K@F =FI  ?FLIJ G
(2)/J  $E 8 KPG@:8C <OG<I@D<EK F= J<C=
8JJ<D9CP  K?< 8HL<FLJ ;@JG<IJ@FE F= L)+  D>
D' N8JD@O<;N@K?K?<8HL<FLJ;@JG<IJ@FEF=G
(2)J?<<KJ D>D' 8K<HL8CMFCLD<I8K@F
8E;JFE@:8K<; =FID@ELK<J KF=FID8?FDF><E<

@DGIFM< K?< <JJ<EK@8C GIFG<IK@<J F= J<C<:K<; N8K<I
98J<; ;I@CC@E> DL;J 2(J LJ@E> 8 E<N JPEK?<
J@Q<; :FDGC<O F= FO@;@Q<; DLCK@ N8CC<; :8I9FE
E8EFKL9< NI8GG<; 9P GFCP<K?PC<E< >CP:FC
+*)/ $K?8J9<<EJ?FNEK?8K8;;@E>8I<C8K@M<
CP CFN 8DFLEK F= +*)/ KF J<C<:K<; N8K<I 98J<;
DL;J N@CC C<8; KF 8 J@>E@]:8EK @DGIFM<D<EK @E
I?<FCF>@:8C 9<?8M@FIJ F= K?< ;I@CC@E> ^L@;  8E; 8
EFK@:<89C< I<;L:K@FE @E K?<@I 8JJF:@8K<; =FID8K@FE
;8D8><  .G<:@]:8CCP  K?< GI<J<E:< F= +*)/ @E
2(J ?8J J?FNE KF <E?8E:< K?< M@J:FJ@KP  P@<C;
JKI<JJ 8E;JL9J<HL<EKCPK?<:8IIP@E>:8G8:@KPF=K?<
;I@CC@E> DL;J 8K J<M<I8C K<DG<I8KLI<J  (LCK@N8CC<;
:8I9FEE8EFKL9<J(2)/J?8M<9<<EJL>><JK<;
8J K?< DFJK <==@:8:@FLJ 8;;@K@M<J KF K?< ;I@CC@E>
^L@;J9P)8JJ<I<K8C 67 .8DJLI@<K8C 678E;
$JD8@C<K8C 67 /?<P;<DFEJKI8K<;K?<:8G89@C@KP
F=(2)/KF@DGIFM<K?<M@J:FJ@KP :LKK@E>:8IIP
@E> :8G8:@KP  P@<C; JKI<JJ 8E; JFD< FK?<I I?<FCF>@
:8C8KKI@9LK<JF=K?<;I@CC@E>^L@;J67 &FJPEB@E<K
8C 67GI<G8I<;8N8K<I 98J<;;I@CC@E>DL;N@K?8
D@OKLI< F= (2)/ )+J 8E; O8EK?8E >LD 8J 8E
8;;@K@M<KFGI<J<EK8;;@K@FE8C:FEKIFCJFEDL;]CKI8
K@FE 8E; GIF;L:K@FE F= 8E @DG<ID<89C< DL; :8B< 
.@D@C8I F9J<IM8K@FE N8J I<GFIK<; 9P $JD8@C <K 8C 
67 N?@C< G<I=FID@E> JFD< <OG<I@D<EK8C JKL;@<J
FE K?< <==<:K F= E8EFKL9< 8E; E8EF J@C@:8 FE K?<
2(J  '8K<I  J<M<I8C @EM<JK@>8KFIJ =FLE; K?8K K?<
(2)/ :8E 9< LJ<; 8J 8 JL@K89C< 8;;@K@M< KF ;<
:I<8J<K?<;I@CC@E>DL;]CK<ICFJJ@EKFK?<=FID8K@FE
6    7  9;FL 8K 8C  67 N<I< :FDG8I<; K?<
;@==<I<EK :?8I8:K<I@JK@:J F= 2( :FEK8@E@E> (LC
K@N8CC8I9FE)8EFKL9<J(2)/J8E;*(KF
?<CG ;<:@;< K?< DFJK JL@K89C< DL; KPG< =FI #+#/
;I@CC@E> 9P :FEJ@;<I@E> DL; GIFG<IK@<J K?IFL>?
J<M<I8C C89FI8KFIP K<JKJ KF ><E<I8K< JFD< <E>@E<<I
@E>>L@;<C@E<J /?<I<JLCKJJ?FN@E>K?8KK?<28K<I
8J<; F==<IJ 8 DFI< <EM@IFED<EK8C =I@<E;CP :?F@:<
P<K JFD< F= 8;;@K@M<J K?8K 8I< LJ<; KF <E?8E:< @KJ
G<I=FID8E:< 8K #+#/ :FE;@K@FEJ  JL:? 8J
(2)/J  K?LJ @K @J E<:<JJ8IP KF ;<M<CFG E<N
=FIDLC8J=FI#+#/28K<I 8J<;DL;JK?8K:FLC;
8:K C@B< *@C 8J<; DL; 9LK :8LJ< C<JJ ?8ID KF K?<
<EM@IFED<EK  CM@ 8K 8C  67 JKL;@<; K?< <==<:K F=
DLCK@ N8CC<; :8I9FE E8EFKL9< (2)/ 8E;
(2)/ =LE:K@FE8C@Q<; N@K? C@>8E;J[*# 8E;
**# E8EFG8IK@:C<J FE C89FI8KFIP ;I@CC@E> =CL@;J
=FIDLC8K<; =IFD 9<EKFE@K<  &'  8I9FOPD<K?PC
:<CCLCFJ< ( 8E; O8EK?8E >LD 3"  /?< I<
JLCKJ J?FN K?8K 8;;@K@FE F=   NK   F=
(2)/  (2)/ *# 8E; (2)/ **#
E8EFG8IK@:C<J @E ( 9<EKFE@K< JPJK<D ;<:I<8J<J
K?<=@CKI8K< CFJJ9P   8E; I<JG<:
K@M<CP /?<J<G8IK@:C<J8CJF;<:I<8J<;K?<:F<==@:@<EK
F==I@:K@FE9P 8E;I<JG<:K@M<CP $E
O8EK?8E >LD ;I@CC@E> =CL@;    NK   (2)/
I<;L:<;K?<=I@:K@FE:F<==@:@<EK9P 
$E K?< GI<J<EK JKL;P  <==<:KJ F= L)+ G
(2)/J8J8E8;;@K@M<FEI?<FCF>@:8CGIFG<IK@<J 
DL;:8B<K?@:BE<JJ8E;N8K<ICFJJF=8N8K<I98J<;



#"

  $  





  !




;@JKI@9LK<; 8J JG?<I@:8C J?8G<J DFI< FI C<JJ LE@
FLJD@OKLI<L)+ G (2)/J /?<D@OKLI<N8J
=FIDCP FE FLKJ@;< F= DLCK@ N8CC<; :8I9FE E8EF
K?<E B<GK LE;@JKLI9<; LE;<I 8D9@<EK :FE;@K@FE =FI
KL9<J  M<I8>< J@Q<J F= L)+ 8I< D<8JLI<; 8J 8
?FLIJ 
D<8E;@8D<K<IF= EDFEDLCK@ N8CC<;:8I9FE

E8EFKL9<J 
(,=0; -,<0/ /;466482 16>4/ ( 28K<I

98J<;;I@CC@E>=CL@;@JK?<DFJKGFGLC8I;I@CC@E>DL;
LJ<; @E K?< G<KIFC<LD @E;LJKIP 67  28K<I @J K?<
:FEK@ELFLJ G?8J<  GIFM@;@E> K?< @E@K@8C I?<FCF>@:8C
GIFG<IK@<JF=K?<;I@CC@E>=CL@; $EK?@JJKL;P =@IJKCP
8 N8K<I 98J<; ;I@CC@E> =CL@; 2! JPJK<D N8J
GI<G8I<;LJ@E>=I<J?N8K<I )8 9<EKFE@K<N M
G8IK@:C< J@Q< CFN<I K?8E  a 8E; JF;@LD KPG<
8::FI;@E>KF+$67 
/?< G# F= K?< =CL@; N8J 8;ALJK<; 9P JF;@LD
?P;IFO@;<)8*#G#I8E><F=;I@CC@E>DL;  
  =K<I GI<G8I8K@FE F= K?< DL;  K?< JPJK<D N8J

D@O<; =FI  D@ELK<J @E KFK8C  /?@J ;I@CC@E> =CL@;
'$ 
N8JLJ<;8J8E8I9@KI8K@FEJG<:@D<E 
& 47,2091>!# : (!&<
.<:FE;CP K?<J8D<;I@CC@E>=CL@;N8JGI<G8I<;
!,89.97:9<4=0
8E; ;@==<I<EK 8DFLEKJ F= L)+ G (2)/J

       8E; N MN8J8;;<;
3+.:?8I8:K<I@Q8K@FEN8J:8II@<;FLKKFM<I@=P
@EKF@K /?<D@OKLI<N8JB<GKD@O@E>=FID@ELK<J
K?< =FID8K@FE F= L)+ G (2)/J E8EF:FDGF
8E;K?<E8><;=FI?FLIJ8M<I8><K<DG<I8KLI<
J@K<    )  . 8E; L G<8BJ 8I< :C<8I @E K?< 3+.
U  FEM<EK@FE8C 2! 8E; L)+ G (2)/J
JG<:KILD!@>  /?<I<=FI< N<:8EJ8PK?8KL)+
8;;<;2!=FIDLC8K@FEJ8I<>@M<E@E/89C< 
?8M< 9<<E =LE:K@FE8C@Q<; FE K?< G (2)/J  /?<
/?< G?PJ@:8C 8E; :?<D@:8C ;@==<I<E:<J 9<
<1G<8B N?@:?@J;L<KFK?<JG?P9I@;@Q<;
KN<<E K?< 8I9@KI8K@FE JG<:@D<E 8E; K?< L)+ G
8KFDJ  @J KI8EJ=FID<; @EKF 8 9IF8; <EM<CFG< 8E;
(2)/J8;;<;;I@CC@E>=CL@;N<I<;<K<ID@E<;8E;
;<:FEMFCLK@FE;<DFEJKI8K<JK?8K@K:FEJ@JKJF=K?I<<
:FDG8I<;N@K?<8:?FK?<I /?<<C<D<EK8C:FDGFJ@
:FDGFE<EKJ =FI K?< L)+ G (2)/J E8EF:FD
K@FEJ F= K?< )8 9<EKFE@K< N8J ;<K<ID@E<; LJ@E>
GFJ@K< /?<G<8BJ8K   8E; <18I<
3-! 8E; K?< :?8I8:K<I@Q8K@FE F= L)+ G
:FII<JGFE;<; KF [*)#  [* FI [) 8E; [# 
(2)/J N8J LJ<; @E K?< GC8@E ;I@CC@E> =CL@; ?8J
I<JG<:K@M<CP   /?< )J E8IIFN I<>@FE JG<:KILD F=
9<<E<O8D@E<;LJ@E>3 I8PG?FKF<C<:KIFEJG<:KIFJ
K?< L)+ G (2)/J E8EF:FDGFJ@K< @J :LIM<
:FGP 3+.  KI8EJD@JJ@FE <C<:KIFE D@:IFJ:FGP
=@KK<; 8E; K?< G<8B 8K   <1 @J 8KKI@9LK<; KF K?<
/ ( /?<=@CKI8K@FE8E;K?<I?<FCF>@:8CGIFG<IK@<J
8D@;<\J)[#>IFLGJN?@:?:FEJ@JKF=8I<8:K@FEF=
JL:? 8J 8GG8I<EK M@J:FJ@KP 1  GC8JK@: M@J:FJ@KP
K?<:8I9FOPC>IFLGF=K?<G (2)JN@K?K?<8D@
+1 P@<C;GF@EK4+ 8E;><CJKI<E>K?JK?<;I@CC@E>
EF>IFLGF=K?<G/+ /?<G<8BF9J<IM<;8K 
=CL@;J N<I< ;<K<ID@E<; @E C@E< N@K? K?< D<I@:8E
<1 :8E 9< 8JJ@>E<; KF K?< ) # >IFLG @E LEI<8:K<;
+<KIFC<LD$EJK@KLK<+$[I<:FDD<E;8K@FEJ 
G/+DFC<:LC<J 
 !))M@J:FD<K<I N8J LJ<;KF D<8JLI<
/?< .G E8IIFN I<>@FE @J :?8I8:K<I@Q<; 9P 8
I?<FCF>@:8C GIFG<IK@<J F= K?< ;I@CC@E> =CL@;J  /?<
;FL9C<K G  8E; G   $K @J K?FL>?K K?8K K?<
=@CKI8K@FE GIFG<IK@<J =@CKI8K< CFJJ 8E; DL; :8B<
JLCG?LI 8KFD F= K?< L)+ G (2)/J E8EF:FD
K?@:BE<JJF=;I@CC@E>=CL@;JN8JD<8JLI<;LJ@E>8E
GFJ@K<N8J<8J@CP9FE;<;KFK?<>FC;JLI=8:<9PK?<
+$=@CK<IGI<JJ;<M@:< 
8GG<8I8E:<F=JLCG?LIG<8BJ8K 8E; <1 

/?< L =  G<8B J@>E8C 8K   <1 :FE=@IDJ K?<

GI<J<E:< F= 9FE;<; L  $K @J 8CJF GFJJ@9C< K?8K K?<
$%'&%!%'%%"!
J@>E8C8K <1@J;L<KF<C<:KI@:8CCPLEI<8:K<;L
E8EFG8IK@:C<J /?<3+.JG<:KI8JKIFE><M@;<E:<=FI

K?< =FID8K@FE F= L)+ G (2)/J E8EF:FDGF
3,;,.=0;4B,=498 91 8,897,=0;4,6 ,8/ !,
J@K<
-08=984=0 /?< / ( @D8>< F= L)+ G (2)/J
E8EF:FDGFJ@K< N8J J?FNE @E !@>    /?< / (
@D8>< F= E8EF:FDGFJ@K< J?FNJ K?8K L)+ 8I<

& 
9;7>6,=498<91.98?08=498,6,8/>!# : (!&<,//0/(
,=0;4,6<
L)+ G (2)/J>
!I<J?N8K<I>
<EKFE@K<N M

(






 O 



>!# : (!&<,//0/(@ ?
 
 
 
 O 
 O 
 O 









 
 O 



#"

  $  





  !




/?< <C<D<EK8C :FDGFJ@K@FEJ F= K?< )8
9<EKFE@K< N8J ;<K<ID@E<; 9P 3 I8P =CLFI<J:<E:<
3-!N?@:?8I<J?FNE@E/89C<J 
J<OG<:K<; K?<I<JLCKJJ?FN<;K?8K.@*8E;
C* 8I< K?< D8@E :FDGFE<EKJ @E K?< JKIL:KLI<J
8E; 8K K?< J8D< K@D< )8 9<EKFE@K< F= JL@K89C< =FI
K?<+$.G<:@=@:8K@FEJK8E;8I;6 7 
/?< DFIG?FCF>P F= K?< ;I@CC@E> =CL@;J !@>LI<
 8 8E;8E; 8E; L)+ G (2)/J
8;;@K@M<;I@CC@E>=CL@;J98E;:8I<<M8CL8K<;LJ@E>
. ( 

+1 




1`




4+ +1




.?<8IJKI<JJ      
.?<8II8K<      


)8 
<EKFE@K<

+1GC8JK@:M@J:FJ@KP :+
18GG8I<EKM@J:FJ@KP :+
4+P@<C;GF@EK C9 =K
.?<8IJKI<JJC9 =K
.?<8II8K< JE



'$ 
)#%47,2091>!# : (!&<8,89.97:9<4=0



%,7:60

$3096924.,6 $0<>6=< !CFN :?8I8:K<I@JK@:J
M@J:FJ@KP 8E; ><C JKI<E>K?J F= K?< ;I@CC@E> =CL@;
N<I< ;<K<ID@E<; N@K? 8 !))  M@J:FD<K<I 9P
;@8C I<8;@E>J 8K           8E;  ;@8C
I<8;@E>J N<I< G<I=FID<; K?I@:< =FI I<G<8K89@C@KP 
8E; K?< 8M<I8>< M8CL<J N<I< I<GFIK<; I<MFCLK@FEJ
G<ID@EIGD@EK<IDJF=J?<8II8K<8E;J?<8IJKI<JJ
K?<<OG<I@D<EK8CI<JLCKJ8I<>@M<E@E/89C< /?<
M@J:FJ@K@<J J?<8IJKI<JJ8E;J?<8II8K<8I<;<=@E<;8J
=FCCFNJ

& 
&30060708=,6.97:9<4=49891=30!,-08=984=0
!, "

2"

 

 

6 " 

%4" 

 

 

98=08=91"A4/0<@=
# "
 "
,"


 

 

&4"
 

8"


0 " 
 



'$ 
% 47,20<91=30/;46648216>4/,,8/ 
,8/  >!# : (!&<
,//4=4?0/;46648216>4/<-,8/.





#"

  $  





  !




::FI;@E>KF/89C< K?<GC8JK@:M@J:FJ@KP@E
:I<8J<J N@K? K?< 8DFLEK F= L)+ G (2)/J 
/?<J<M8CL<JF=GC8JK@: M@J:FJ@KP8I<?8IDFEP N@K?
K?<JKL;PN?@:?N8J@E;@:8K<;K?8KK?<J<M8CL<J8I<
@E K?< I8E>< F= [b:+b8K IFFD K<DG<I8KLI< =FI
K?< DL; 67  $E 8;;@K@FE  K?< DL; @J <==<:K@M<CP
:@I:LC8K<; N@K?FLK DL:? GI<JJLI< CFJJ FN@E> KF
=I@:K@FE /?<I<8JFEF=GI<JJLI<CFJJ@JK?<@E:I<8J<
F=DL;M@J:FJ@K@<J@E:FEK8:KN@K?;I@CC<;:LKK@E>J 
/?<M8CL<JF=P@<C;GF@EK8E;8GG8I<EKM@J:FJ@
KP@E:I<8J<;N@K?K?<8DFLEKF=L)+ G (2)/J
LGKF  =K<IK?8K K?<P;<:I<8J<; !@>LI<


N8J=FID<;9PK?<:8C:LC8K<;J?<8IJKI<JJ8E;J?<8I
I8K< 9P M@J:FJ@K@<J D<8JLI<D<EKJ  !@>LI<  J?FNJ
K?8K 2( GI<G8I<; 9P 8;;@E> L)+  G
(2)/J?8JGJ<L;FGC8JK@:GIFG<IK@<J 
$K @J J?FNE K?8K K?< I?<FCF>@:8C GIFG<IK@<J @E
K<IDJF=GC8JK@:M@J:FJ@KP+18E;P@<C;GF@EK4+ 
N?@:? 8I< @DGFIK8EK =FI >FF; :LKK@E>J JLJG<EJ@FE
:?8I8:K<I@JK@:J N?<E ;I@CC@E> @J JKFGG<;  N8J @D
GIFM<; N@K? 8;;@K@FE F= K?< L)+ G (2)/J 
/?<D8O@DLDM8CL<N8JI<:FI;<;=FI N M
L)+ G (2)/J 8;;<; @EKF K?< ;I@CC@E> =CL@;
!@>LI< 

& 
$3096924.,6;0<>6=<91=30/;46648216>4/<

#,;,70=0;<
IGD
IGD
IGD
IGD
IGD
IGD
+C8JK@:M@J:FJ@KP:G
4@<C;+F@EKC9 =K
GG8I<EKM@J:FJ@KP:G
"<C8K J<:FE;
"<C8K D@ELK<

(




























>!# : (!&<,//0/(@ ?
 
 
 
 


































 














'$
$3096924.,679/0691>!# : (!&<,//0/(

'$
$3096924.,6:;9:0;=40<?<>!# : (!&<.98.08=;,=498







#"

  $  





  !




$E8;;@K@FE K?<><CJKI<E>K?JM<IJLJK?<L)+ 
G (2)/J :FE:<EKI8K@FE >I8G? @J >@M<E @E
!@>LI< 
/?< ><C JKI<E>K? ". @J I<C8K<; KF K?< DL;
9<?8M@FLI N?<E ;I@CC@E> @J JLJG<E;<; FI G8LJ<;
67 /FI< JK8IKK?< DL;J:@I:LC8K@FE ?@>?".?8J
?@>?<I ?P;I8LC@: GFN<I  /?@J J@KL8K@FE <OGC8@EJ 8
GIF9C<D F= ;I@CC@E> FG<I8K@FE 67  /?< M8CL<J F=
J 8E; bD@E @E:I<8J<; N@K? L)+ G (2)/J
8;;<;2(LGKF  
=K<IK?@J 8DFLEK K?<J<M8CL<J;<
:I<8J<;!@>LI<8E;/89C<67 

46=;,=498$0<>6=<!@CKI8K@FE@JM<IP@DGFIK8EK
GIFG<IKP =FI ?FC< JK89@C@KP  'FN =@CKI8K@FE @J ?@>?CP
;<J@I<; =FI N8K<I 98J<; ;I@CC@E> =CL@;J N?@:? :FE
KI@9LK<J KF N<CC9FI< JK89@C@KP  !@>LI<  J?FNJ K?<

=@CKI8K@FECFJJ:?8I8:K<I@JK@:JF=K?<GI<G8I<;;I@CC@E>
=CL@;JPJK<DJ 
(@E@DLD =@CKI8K@FE CFJJ N8J F9K8@E<; 8K K?<
8;;@K@FE F= K?<    N M L)+ G (2)/J
8E;8=K<IK?8K K?<I<N8JEFGFJ@K@M<CP<==<:KI<:FI;
<; /?<J8D<F9J<IM8K@FEN8JF9K8@E<;@EK?<I?<F
CF>@:8CJ<:K@FE $KN8J8CJF=FLE;K?8KK?<L)+ G
(2)/J 8;;@K@FE ;<:I<8J<J K?< =@CKI8K< CFJJ F=
;I@CC@E> DL; 9P 89FLK    /?< CFJJ F= =@CKI8K@FE
I<JLCK@E> =IFD E8KLI8CCP =I8:KLI<;  :I<M@:<J 8E;
:?8EE<CJ 67 @J @DGFIK8EK @E K<IDJ F= K?< :FJK 8E;
K?<I<HL@I<;K@D<=FIK?<;I@CC@E>KFI<8:?K?<K8I><K
;<GK? 67  /?<I<=FI<     N M L)+ G
(2)/J@EK?<;I@CC@E> =CL@; N8J:FEJ@;<I<;8J8
D8O@DLD:FE:<EKI8K@FE=FIK?<N8K<I98J<;;I@CC@E>
=CL@;@EK?<GI<J<EKJKL;P 


'$
06<=;082=3?<>!# : (!&<.98.08=;,=498

'$
46=;,=069<<?<>!# : (!&<.98.08=;,=498


'$
,50=34.580<<?<>!# : (!&<.98.08=;,=49848=30/;46648216>4/









#"

  $  





  !




&
46=;,=069<<,8/,50=34.580<<;0<>6=<91=30/;46648216>4/<
>!# : (!&< ,//0/(@ ?
#,;,70=0;<
(


 
 
 
 
!@CKI8K<'FJJD'

 
 
 
 
 
8B</?@:BE<JJDD
 
 
 
 
 
 

/?@:B=@CKI8K<:8B<@JEFK;<J@I89C<=FI8JK89C<
67 D8ELCC8?  (  I=8A  ( &  9;LCC8K@  5  
8E; CFN :FJK N<CC9FI< FG<I8K@FE  /?< :8B< K?@:B
 ==<:K F= L* 8E; 5E* E8EF=CL@;J @E
E<JJM<IJLJK?<L)+ G (2)/J:FE:<EKI8K@FE@E
O8EK?8E >LD FE K?<ID8C  <C<:KI@:8C 8E; ?@>?
K?< ;I@CC@E> =CL@; @J GCFKK<; @E !@>LI<   @E;@:8K@E>
GI<JJLI< I?<FCF>P F= N8K<I 98J<; ;I@CC@E> =CL
K?8K K?< :8B< K?@:BE<JJ @E:I<8J<; N@K? @E:I<8J@E>
@;J % +<K .:@  E>    
L)+ G (2)/J;FJ8>< 
67 5?FE> # ,@L 5 #L8E> 2 8F % 
/?@J J?FN<; K?8K K?< 8;;@K@FE F= L)+ G
.?8C< @E?@9@K@M< GIFG<IK@<J F= GFCP<K?<I ;@8
(2)/J @EKF K?< ;I@CC@E> =CL@; D@>?K ><E<I8K< 8
D@E< @E N8K<I 98J<; ;I@CC@E> =CL@;  %  +<K  .:@ 
@DG<IM@FLJ 98II@<I N?@:? ;<:I<8J<; K?< =@CKI8K@FE
E>    
CFJJ /?<I<JLCKJF=K?<=@CKI8K<CFJJ8E;:8B<K?@:B
67 D8ELCC8?  (  4L  '   EM@IFED<EK
E<JJ8I<>@M<E@E/89C< 
=I@<E;CP =CL@; CFJJ 8;;@K@M<J KF GIFK<:K K?< D8
/@>?K 9FI<?FC< 8CFE> N@K? @E:I<8J<; :8B<
I@E<<EM@IFED<EK=IFDK?<;<KI@D<EK8C<==<:KF=
K?@:BE<JJ8E;K?<;8D8><KFK?<I@>GLDGI<JLCK@E>
DL; 8;;@K@M<J  %  +<K  .:@  E>     
=IFDGI<JJLI<@E:I<8J<:8LJ<K?<LE;<J@I89C<J@KL8
 
K@FEJ JL:? 8J ?@>? :FJK 8E; CFE> I@> K@D< 67  
67 "<EKQ@J  /  <@JD8E  )  ?8C8KLIEPB  - % 
K?@:B DL; :8B< @J EFK =8MFI89C< =FI ;I@CC@E> FG<I8
 ==<:KF=;I@CC@E>=CL@;JFE:F8CG<ID<8
K@FE  ?FN<M<I 8 CFN<I =@CKI8K@FE CFJJ :8E ;<:I<8J<
9@C@KP $DG8:K FE ?FI@QFEK8C N<CC9FI< JK89@C@KP 
$EK % F8C"<FC    
K?<:FJKF=;I@CC@E>FG<I8K@FE 
67 SQB8E    &8GC8E   (  SQB8E  1  /LI8E 

.   ==<:K F= D@:IF J@Q<; :FC<D8E@K<

FEK?<I?<FCF>@:8CGIFG<IK@<JF=K?<N8K<I98J<;
"!'%"!%
;I@CC@E> =CL@;  RLBLIFM8 0E@M<IJ@KP %FLIE8C F=

K?< !8:LCKP F= E>@E<<I@E> 8E; I:?@K<:KLI< 
$E K?< GI<J<EK JKL;P  K?< <==<:KJ F= L)+ G
   
(2)/J FE I?<FCF>@:8C 8E; =@CKI8K@FE GIFG<IK@<J
67
!@EB
 %   +<KIFC<LD <E>@E<<IJ >L@;< KF
F= K?< N8K<I 98J<; ;I@CC@E> =CL@; N<I< @EM<JK@>8K<; 
F@C=@<C;:?<D@:8CJ8E;=CL@;J "LC=+IF=<JJ@FE
/?< <OG<I@D<EK8C I<JLCKJ J?FN<; K?8K L)+ G
8C+L9C@J?@E> 
(2)/J@J8GIFD@J@E>8;;@K@M<=FI@DGIFM<D<EK
67 >@    %LE@E  -  "98;8DFJ@    
F= K?< I?<FCF>@:8C GIFG<IK@<J <JG<:@8CCP GC8JK@:
(<:?8E@JD >FM<IE@E> E8EFG8IK@:C< =CFN 9<
M@J:FJ@KP 8E; =@CKI8K@FE GIFG<IK@<J F= K?< ;I@CC@E>
?8M@FLI @E GFIFLJ D<;@8 @EJ@>?K =FI <E?8E:<;
=CL@;J 
F@C I<:FM<IP 8GGC@:8K@FEJ  $EK  )8EF '<KK   
/?<<==<:KJF=K?<L)+ G (2)/J8;;@K@FE
  
FE K?< I?<FCF>@:8C GIFG<IK@<J 8E; =@CKI8K@FE GIFG<I
67!I8E:F
    5898C8  -  FIKTJ  !   
K@<JF=K?<;I@CC@E>DL;8J9<CFN
)8EFK<:?EFCF>P8GGC@<;KFK?<<E?8E:<D<EKF=
 @E:I<8J@E>GC8JK@:M@J:FJ@KP+19P  
F@C 8E; >8J GIF;L:K@M@KP 8E; I<:FM<IP F= F
 @E:I<8J@E>8GG8I<EKM@J:FJ@KP19P 
CFD9@8E=@<C;J % +<K .:@  E>    
 @E:I<8J@E>P@<C;GF@EK4+9P  
67"98;8DFJ@   *  %LE@E  -  (8E8E  (  
 @E:I<8J@E>  J 8E;  D@E ><C JKI<E>K?J 9P
4<B<<E ) >@  *J<? % * -<:<EK
8E; 
8;M8E:<J 8E; GIFJG<:KJ @E GFCPD<I@: E8EF=CL
 ;<:I<8J@E>=@CKI8K@FECFJJ9P 
@;J 8GGC@:8K@FE =FI <E?8E:<; F@C I<:FM<IP  % 

$E;  E> ?<D    

67SQB8E     ==<:K F= DLCK@ N8CC<; :8I
$$!%
9FE E8EFKL9<J FE K?< N8K<I 98J<; ;I@CC@E>

DL;J (.0% F=.:@    
67 FLI>FPE<   /  ?<E<M<IK  (  (@CC?<@D 
674<B<<E  )  (8E8E  (    $;I@J   &  +8;
& &   4FLE>  ! .   GGC@<; ;I@CC@E>
D8E89?8E 
 %LE@E  -  .8D@E   ( 
<E>@E<<I@E> MFC  .F:@<KPF=+<KIFC<LD E>@
"98;8DFJ@  * *>L8D8? $ :FD
E<<I@E> -@:?8I;JFE /3 
GI<?<EJ@M< I<M@<N F= <OG<I@D<EK8C JKL;@<J F=
67 SQB8E    /LI8E  .  &8GC8E   (  
E8EFG8IK@:C<J JK89@C@Q<; =F8D =FI <E?8E:<; F@C
$EM<JK@>8K@FE F= =CP 8J? <==<:K FE I?<FCF>@:8C
I<:FM<IP % +<K .:@  E>    
8E; =@CKI8K@FE GIFG<IK@<J F= ;I@CC@E> DL;J 

!I<J<E  EM@IFE LCC    






#"

  $  





  !




67&FJPEB@E   1  <I@FKK@  "  2@CJFE  &  
'FD<;8  % -  .:FIJFE<  % /  +8K<C    
!I@<;?<@D  % !  /FLI  % (   "I8G?<E<
*O@;<8J8#@>? +<I=FID8E:<!CL@; 'FJJ FE
KIFC ;;@K@M< @E 28K<I 8J<; I@CC@E> !CL@;J 
GGC (8K<I $EK<I=8:<J    
67$JD8@C   -  -8J?@;  ) (  %88=8I  ( 5 
.LC8@D8E 2 - 2 L8E> )   ==<:K
F=E8EFD8K<I@8CFEK?<I?<FCF>PF=;I@CC@E>=CL
@;J % GGC .:@    
67#8JJ8E@  . .  DIFCC8?@    -8J?@;@   
.FC<PD8E@  (  -8P8K;FFJK  .   /?< <=
=<:KF=E8EFG8IK@:C<JFEK?<?<8KKI8EJ=<IGIFG
<IK@<J F= ;I@CC@E> ^L@;J  %  +<K  .:@  E>   
[ 
679;LF ( $ 8?89  . 9LJ<;8 # 9;LC
Q@Q  (  C?FJJ@<EP ( . FDG8I8
K@M<JKL;PF=LJ@E>28K<I 8J<;(L;:FEK8@E
@E> (LCK@N8CC 8I9FE )8EFKL9<J M<IJLJ *@C
8J<; DL; @E #+#/ =@<C;J  >PGK  %  +<K 
 [ 
67CM@  (    <C8PE<?  (  .88J<E   
!A<C;<  & &  8;EZP   .   ==<:K F=
(2)/ 8E; (2)/ !LE:K@FE8C@Q<; *#
8E; **#)8EFG8IK@:C<J@E'89FI8KFIP28K<I
8J<;I@CC@E>!CL@; $E.( K?$E
K<IE8K@FE8CFE=<I<E:<FE*:<8E *==J?FI<8E;
I:K@: E>@E<<I@E> %LE< D<I@:8E.F:@<KPF=
(<:?8E@:8C
E>@E<<IJ
1/
1/ 
67+$-+  -<:FDD<E;<;+I8:K@:<
=FI !@<C; /<JK@E> 28K<I 8J<; I@CC@E> !CL@; 
K?<; D<I@:8E+<KIFC<LD$EJK@KLK< 8CC8J 
67%8E< !@KQ     +8LC@LB8@K<  -  "?@:8  ( 
I<KK   (   !8K@9<CCF !@C?F  *   @
I<:K <C<:KIFE KI8EJ=<I F= >CL:FJ< FO@;8J< 8K
>C8JJP :8I9FE <C<:KIF;< DF;@=@<; N@K? =LE:
K@FE8C@Q<; :8I9FE E8EFKL9<J N@K?@E 8 ;@?<O8
;<:PCG?FJG?8K<=@CD .<EJ :KL8KFIJ?<D 
  
67)>LP<E  / &@D  % .F ( " &@D & . 
 OG<I@D<EK8CD<8JLI<D<EKJF=>FC;E8
EFG8IK@:C<EL:C<8K@FE8E;>IFNK?9P:@KI8K<I<
;L:K@FE F= #LC  ;M  +FN;<I /<:?EFC 
   
67.?8?  . )  .?8EB<I  ) #  *>L>9L<    
!LKLI<:?8CC<E><JF=;I@CC@E> =CL@;J8E;
K?<@II?<FCF>@:8CD<8JLI<D<EKJ $E =CL
@;J :FE=<I<E:< 8E; <O?@9@K@FE  GI@C  #FLJKFE 
/<O8J 
67+$   .G<:@=@:8K@FE   .G<:@=@:8K@FEJ
=FII@CC@E> !CL@; ).$ +$ $.* 
67=K89    $JD8@C   -  &?FB?8I  .  $9LGFKF 
5 #   )FM<C Q@E: FO@;< E8EFG8IK@:C<J
;<GFJ@K<; 8:IPC8D@;< :FDGFJ@K< LJ<; =FI <E
?8E:@E> K?< G<I=FID8E:< F= N8K<I 98J<; ;I@CC
@E>=CL@;J8K<C<M8K<;K<DG<I8KLI<:FE;@K@FEJ % 
+<K .:@  E>    



67"98;8DFJ@   *  %LE@E  -  9;8CC8  4  >@ 
 *J<? % * 9 OG<I@D<EK8C@EM<JK@>8
K@FEF=K?<<==<:KJF=J@C@:8E8EFG8IK@:C<FE?FC<
:C<8E@E> <==@:@<E:P F= N8K<I 98J<; ;I@CC@E>
DL; % +<K .:@  E>    
67.8C<D -8>89   (  8E; )F8?     -<
;L:K@FE F= !FID8K@FE 8D8>< 8E; !CL@; 'FJJ
LJ@E> )8EF J@Q<; .@C@:8 I@CC@E> !CL@;J  +<K 
/<:?EFC <M %    
67=FC89@  - *  *IF;L  *   .<K<P<F9FK  $ 
 +I<;@:K@M< DF;<CC@E> F= K?< @DG8:K F=
J@C@:8E8EFG8IK@:C<JFE=CL@;CFJJF=N8K<I98J<;
;I@CC@E>DL; GGC C8P.:@    
67.D@K? . - -8=8K@ - #8;;8;  . FFG<I 
 #8D@;@ # GGC@:8K@FEF=8CLD@E@
LDFO@;<E8EFG8IK@:C<JKF<E?8E:<I?<FCF>@:8C
8E;=@CKI8K@FEGIFG<IK@<JF=N8K<I98J<;DL;J8K
#+#/ :FE;@K@FEJ  FCCF@;J .LI=   +?PJ@:F
:?<D  E> JG    
679;F % #8E<<= (  )8EF <E?8E:<;
;I@CC@E> =CL@;J G@FE<<I@E> 8GGIF8:? KF FM<I
:FD< LE:FDGIFD@J@E> ;I@CC@E>GIF9C<DJ  %  
-<JFLI /<:?EFC   
67T>  *   JG@EFQ8   .  &8;@I    .?8D
J?L;;@E (  .F?8@C   OG<I@D<EK8C
JKL;P F= @DGIFM<; I?<FCF>P 8E; CL9I@:@KP F=
;I@CC@E> =CL@;J <E?8E:<; N@K? E8EF G8IK@:C<J 
GGC )8EFJ:@    
673@E>  (  4L  %  28E>  -   OG<I@
D<EK8C JKL;P FE K?< K?<ID8C :FE;L:K@M@KP <E
?8E:<D<EKF=N8K<I98J<;E8EF=CL@;JLJ@E>;@=
=<I<EK KPG<J F= :8I9FE E8EFKL9<J  $EK  %  #<8K
(8JJ/I8EJ=<I    
67&8Q<D@ <P;FB?K@    8E; #8A@898;@  . # 
 -?<FCF>@:8C @EM<JK@>8K@FE F= JD8IK GFC
PD<I :8I9FE E8EFKL9< :FDGC<O FE GIFG<IK@<J
F=N8K<I 98J<;;I@CC@E>^L@;J FCCF@;J.LI=  
+?PJ@:F:?<D@:8C 8E; E>@E<<I@E> JG<:KJ 
   
67)8JJ<I  %  %<J@C    (F?@L;;@E  /  C
-LH<J?@  (  <M@  "  (F?8K8I8D  .  
OG<I@D<EK8C@EM<JK@>8K@FEF=;I@CC@E>=CL@;G<I
=FID8E:< 8J E8EFG8IK@:C<J  2FIC; %  F= )8EF
.:@ 8E; E>   
67.8DJLI@    #8DQ8?     28K<I 98J<;
DL;C@=K@E>:8G8:@KP@DGIFM<D<EK9PDLCK@N8CC
:8I9FE E8EFKL9<J 8;;@K@M<  %  +<K  "8J E> 
   
67$JD8@C   -  =K89    $9LGFKF  5 #  5FCB@
=@C< ) /?<EFM<C8GGIF8:?=FIK?<<E
?8E:<D<EK F= I?<FCF>@:8C GIFG<IK@<J F= N8K<I
98J<;;I@CC@E>=CL@;J9PLJ@E>DLCK@ N8CC<;:8I
9FE E8EFKL9<  E8EFJ@C@:8 8E; >C8JJ 9<8;J  % 
+<K .:@  E>    
67&8Q<D@ <P;FB?K@    #8A@898;@  .  #  
.8E8K@     .LI=8:< (F;@=@:8K@FE F=
8I9FE )8EFKL9<J 8J 8 &<P !8:KFI FE
-?<FCF>@:8C ?8I8:K<I@JK@:J F= 28K<I 8J<;
I@CC@E> (L;J $I8E  %  ?<D  ?<D  E> 
-<J<8I:?IK@:C<1FC  



#"

  $  





  !




67&<C<JJ@;@J  1   /J8D8EK8B@    +8J8;8B@J 
) -<GFLJBFL  #8D@C8B@  +<ID<
89@C@KP  GFIFJ@KP 8E; JLI=8:< :?8I8:K<I@JK@:J F=
=@CK<I :8B<J =IFD N8K<I[9<EKFE@K< JLJG<EJ@FEJ 
2$//I8EJ  E> .:@    
67"LF  %  48E  %  !8E  2  5?8E>  #  
GGC@:8K@FEJ F= JKIFE>CP @E?@9@K@M< J@C@:8K<
98J<; ;I@CC@E> =CL@;J @E KIFL9C<JFD< J?8C< =FI
D8K@FEJ @E .L;8E  %  +<K  .:@  E>    
  
67)89?8E@  )  D8D@  (   /?< GFK<EK@8C
@DG8:KF=E8EFD8K<I@8CJ@EF@C;I@CC@E>@E;LJKIP 
)8EF:FE    
67 8@C<P  '  F<B  .  %8:HL<J  .  ( 
F8JJ<E  /  .<CC<  * (  I>@CC@<I  % !  'FE
><IFE   "   +8IK@:LC8K< @EM8J@FE =IFD
;I@CC@E>=CL@;J .+ %FLIE8C    





$0.04?0/
 

..0:=0/
 



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

-/>66,3"B5,8
$JB<E;<ILE/<:?E@:8C0E@M<IJ@KP 
<G8IKD<EKF=+<KIFC<LD8E;
)8KLI8C"8J E>@E<<I@E> 
#8K8P [/LIB<P

< D8@C89;LCC8? FQB8E@JK< <;L KI

































































"!

 # 





    




# ! 
$
 

)&1)075874%1 )<%1%;%6 7/71 5671 )&1)0//-%/6-2+/7 
1

Cankiri Karatekin University, Kizilirmak Vocational High School, Cankiri, Turkey
2
Ankara University, Faculty of Science, Department of Biology, Ankara, Turkey
3
Ankara University, Faculty of Agriculture, Department of Horticulture, Ankara, Turkey





plants [3]. Salinity causes many changes in the soil,
which are the osmotic potential increase, water
deficiency condition generations [4], ionic toxicity
due to the high aggregation of the ions that are toxic
(Na+ and Cl-) which accrue in plants, ionic imbalance because of the gathering of these ions in cells
of the plants, which triggers inadequacy of other
nutrients. Maggio et al. [5] explained that the salinity tolerance in plants can be categorized into four
main categories which are osmolyte production, ion
homeostasis, radical oxygen species, scavenging,
and growth regulatory processes.
There are certain probably ROS sources in
plants. Reactions such as photosynthesis and respiration which are present in ordinary metabolisms
are included by these certain sources. This does not
coincide with the famous idea that ROS are certainly product outputs by aerobic respiration. Passageways which are glamourized in the course of abiotic
stress which also causes ROS production like the
photorespiration reaction in which glycolate oxidases in peroxisomes causes the production of superoxidases. However, when the plants have been
examined, new sources of ROS have been discovered in them such as NADPH oxidases, cell-wallbound peroxidases, and amine oxidases. They have
a part which is regulated quite well in the production of ROS in processes such as the death of cells.
The ROS are responsible for many types of damage
to cells. Because oxygen species that are activated
such as superoxide (O2•-), hydrogen peroxide
(H2O2), and the hydroxyl radical (•OH) are able to
disturb the ordinary metabolism by inflicting oxidative damage to lipids, proteins, and nucleic acids,
plants holds some antioxidant enzymes that shields
them from these possible cytotoxic influences [6].
Species and cultivars of plants within a yield species vary considerably in their reaction to abiotic
stresses. Plants that have high antioxidant levels,
whether organic or not, have been disclosed to have
better resistance against oxidative damages. So as
to avoid harmful influences of ROS, plants have
cultivated differing systems of antioxidant enzymes
in addition to non-enzymatic antioxidants such as
ascorbic acid, glutathione, carotenoids and antioxidative enzymes such as glutathione reductase (GR),

Proline is an amino acid whose gathering in
the cells of plants stimulated antioxidative enzymes
in plants that are under the influence of salinity.
The goal of this study was to investigate the exogenous proline application and salt tolerance relationship in accordance with separate criteria such as
growth characteristics, photosynthetic pigments in
leaves, and biochemical features, consisting of
endogenous proline, sugar contents, and the exercises of antioxidative enzymes through the utilization of the eggplant genotypes demonstrates either
tolerance (Mardin) or sensitivity (Kemer) to salinity. The seedlings were exposed to control, 100 mM
NaCl, 100 mM NaCl + 5 mM proline, and 100 mM
NaCl + 10 mM proline. The results demonstrated
that the growth trait, total chlorophyll content in
leaves, and relative water content in leaves considerably declined whereas the antioxidant enzyme
activities in leaves, proline, sugar, and MDA contents in leaves considerably rose under salinity
conditions. An effective increase was observed in
the enzyme activities in the plants that were saltand proline-treated when examined in contrast with
the control group. This effect was observed much
clearly in Mardin genotype than Kemer. Exogenous
proline was determined to be beneficial in reducing
the harmful effects of salinity on plants.



$"
!  oxidative stress, salinity, antioxidative enzyme activity, MDA



 
Saline stress is one of the harmful abiotic
stresses that negatively influence plant growth and
production. It is believed that more than 20% of the
watery agricultural lands in the world are under the
influence of salinity [1, 2]. Salt stress introduced
changes in many processes such as morphological
processes, physiological processes and biochemical
ones affecting the growth and productivity of the
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which makes buffering the instantaneous consequences of water deficiencies in the organism possible. Proline also acts as a sink for energy to manage redox possibilities, as a hydroxyl radical scavenger, as a solute that shields macromolecules
against denaturation which reduces the acidity
levels in cells, and as a storage compound and a
source of nitrogen for the quick growth of the plant
after the stress. It has been addressed that proline
lowers the stress triggered by saline conditions by
improving the oxygenase and carboxylase activities
of Rubisco. Freshly, it has been noted that proline
gathering shields plants against damages that are
inflicted by free radicals by alleviating the oxygen
singlet [8]. Many dissimilar approaches have been
adopted to fight against salinity such as conventional breeding, genetic manipulation, and foliar
osmoprotectant application. One of the vital determinants strengthening the adversities in the cultivation of crop types that are resistant to salinity is the
complicatedness and polygenic nature of tolerance
to salinity in plants [3]. In addition to this, it was
announced by Alam et al. [12] that the management
application like the exogenous proline application is
considered as original approaches to decrease the
harmful influences of salinity on yielding plants.
This study was exercised to examine the speculated
positive influences of exogenous proline application on growth characteristics, photosynthetic pigments in leaves, biochemical features along with
endogenous proline, sugar contents and activities of
antioxidative enzymes in two ! 
L. genotypes which were grown under salinity
stress and reported as tolerant to salt and sensitive
to salt in the previous study. The consequences that
are introduced here bring new awareness into the
evaluation of the proline role in enhancing the tolerance to salt stress which alleviates the damage
that is inflicted by the salt stress in eggplants
through the activity of proline on physiobiochemical features and the defense system of
antioxidants.

superoxide dismutase (SOD), and ascorbate peroxidase (APX). During the detoxification process of
the hydrogen peroxide which is toxic by the CAT
peroxidase, superoxide is split into water and oxygen by the catalysis provided by the SOD enzyme.
H2O2 is reduced by APX through the utilization of
ascorbate as the donor that gives electron in the
ascorbate-glutathione cycle. After these processes,
GSH that was produced from the CSSG which GR
catalyzed at the cost of NADPH reduces the ascorbate that was oxidized. In other studies, in the literature, there is an increase in the degree of the antioxidative enzymes when the plans are subject to
oxidative stress including the salt stress [3, 7, 8].
Synthesis and gathering of biological compounds that are low in molecular weight in the
cytosol and organelles are called adjusting plant
reactions to salinity, which these compounds are
altogether named as compatible osmolytes since
they gather and function without disturbing the
biochemistry of intracellular structures such as the
activities of enzymes in the cells of plants [8]. Appropriate solutes are assumed to preserve the cells
of plants from the damage of salt stress by maintaining the osmotic balance, balancing the structures at the sub-cellular level, such as membranes
and proteins and scavenging ROS [9].
One of the vital amino acids that are created
and gathered in plants against salinity is proline. It
is a proteinogenic amino acid that has many features such as excellent conformational rigidity
which makes it fundamental for basic metabolism
[10]. Late studies on proteomics, genomics and
metabolomics have disclosed that the amino acid,
proline, which are formed under stressful situations
is able to function as a compatible solute in the
osmotic adjustment, a free radical scavenger, a
metal chelator, ROS detoxification passageway
catalyst, a balancer of cell redox, a safeguard of the
cytosolic pH, an energy, nitrogen and carbon
source, a subcellular structure stabilizer, and membranes along with photosystem II, and is able to
function as a signaling molecule [11]. Metabolic
acclimation through the gathering of proline is
generally considered as a fundamental plan of action for the preservation and continuation of plants
under environmental stresses.
Proline gathering is one of the adjustments of
many plants to salt stress. It has been broadly supported that the proline gathering may be utilized as
a discriminating criterion as the trigger of the tolerance to salinity. Nevertheless, the proline gathering
is not able to be considered as the trigger for tolerance to salinity because its gathering stands for a
common reaction to stress in many organisms along
with taller plants subject to abiotic stresses such as
high climate conditions, dryness, and deprivation.
High degrees of proline allow plants to preserve
themselves in lower water possibilities, enabling
supplementary water to be absorbed from the soil,


The plant materials as the genotype Mardin
which shows tolerance to salinity and the genotype
Kemer which shows sensitivity to salinity were
determined in a former study of our research group
[13]. These materials are used in the present study.
The plants were cultivated under the cool white
fluorescent light of 280 μmoles m–2 s–1 with a 16h
photoperiod in an environment whose climate is
controlled at 28 °C day temperature and at 25 °C
night temperature, and with a humidity level of
70%. The seeds were grown in vermiculite which
was dampened with water that was distilled. At the
end of 2 weeks, the grown seedlings were planted
in vessels made of plastic that involved 4 L half-
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Enzymes were extracted from 0.5 g of leaf tissue using a mortar and pestle, with 5 mL of extraction buffer containing 50 mM of potassiumphosphate buffer (pH 7.6) and 0.1 mM of disodium
ethylenediaminetetraacetate. The homogenate was
centrifuged at 15 000 × g for 15 min, and the supernatant fraction was used to assay for the enzymes. All of the operations for the preparation of
the enzyme extractions were performed at 4°C. The
SOD was assayed according to Karanlik [21], by
monitoring the superoxide radical-induced nitro
blue tetrazolium (NBT) reduction at 560 nm. The
CAT activity was determined by monitoring the
disappearance of HO. APX activity was determined
by measuring the consumption of ascorbate from its
the absorbance at 290 nm. One unit of APX activity
was defined as the amount of enzyme required to
consume 1 μmole of ascorbate min–1 [22]. The GR
activity was determined by measuring the enzymedependent oxidation of NADPH from its the absorbance at 340 nm. One unit of GR activity was
defined as the amount of enzyme that oxidized 1
μmole of NADPH min–1.
The experiment was designed as a completely
randomized plot with three replicates. Data were
analyzed statistically and the means of each treatment were analyzed using the SAS 9.0 software.
The means were compared with Duncan's multiple
range test at a significance level of 0.05. Data are
shown as the mean ±standard deviation (Sd) and in
all figures error bars are representing standard errors of the means.


 

**)'6 2* ):2+)1275 %33/-'%6-21 2* 342/-1)
21 +4296, ',%4%'6)4-56-'5 2* )++3/%16 +4291
71()45%/6564)55Plants exposed to salt stress (100
mM) showed significant decrease in the growth
biomarkers like shoot and root lengths and fresh
weights of plants growth, in comparison to nonstressed control plants (Table 1). The maximum
sensitivity of salt stress was noticed in Kemer
whereas, Mardin was comparatively found less
sensitive against the salt stress and showed a decrease of 34.3% (shoot length), 40.1% (root length),
49.0% (fresh weight) in comparison to their respective control plants. However, 5 mM proline treatment reduced the damaging effect of salt stress in
both of genotypes. Interestingly, 10 mM proline as
foliar spray proved most significant in increasing
the growth biomarkers, over the treatments. Compared to salt treatment, the proline level of 10 mM
as the most effective concentration, increasing
shoot and root lengths, shoot and root fresh weights
per plant of both Kemer and Mardin by 11.9 and
30.5%, 77.5 and 83.6%, 53.14 and 45.1%, 99.3 and
61.8%, respectively.

strength Hoagland’s solution [14]. The solution that
filled the vessels was changed every week of the
study. After two weeks, the salt-treatment was
started and the salt concentration of the solution
was intensified by 50 mM d-1 until the solution in
the vessels reached a value of 100 mM. As the
foliar spray treatment, proline at a ratio of 5 or 10
mM was used. Plants that were not subject to the
salt treatment were held as the control group.
Hence, the experiment consisted of controls (C),
salt stress (100 mM) (S), salt stress (100 mM) +
proline (5 mM) (S+P1), and salt stress (100 mM) +
proline (10 mM) (S+P2). At the end of the treatment after 10 d all plants along with the control
group were examined.
Reaction of the eggplant genotypes to treatments were put into evaluation through the utilization of several plant physiologies such as plants’
length and shoot, their fresh weights and the relative water content and biochemical criteria such as
chlorophyll, proline, sugars that are soluble (glucose, fructose), the content of lipid peroxides
(MDA); superoxide dismutase (SOD), catalase
(CAT), ascorbate peroxidase (APX), and enzyme
activities of the glutathione reductase (GR) antioxidants. Relative water content (RWC%) was estimated by following the method as prescribed by
Sanchez et al. [15] and Türkan et al. [16]. Total
chlorophyll (Chl) contents were determined by
Arnon [17]. Leaf pigment was extracted with 80%
(v/v) acetone and absorbance of the extraction was
measured at 652 nm with a spectrophotometer
(Shimadzu UVmini-1240).
The proline was measured following the
methods of Bates et al. [18]. The proline was extracted from 100 mg dry weight (DW) of leaf samples with 2 mL of 40% methanol. Next, 1 mL of the
extract was mixed with 1 mL of a mixture of glacial
acetic acid and orthophosphoric acid (6 M) (3:2,
v/v) and 25 mg ninhydrin. After 1 h incubation at
100°C, the tubes were cooled and 5 mL of toluene
was added. The absorbance of the upper phase was
spectrophotometrically measured at 528 nm.
The soluble carbohydrates were extracted in
ethanol (80%). The glucose and fructose were analyzed by reacting 0.5 mL of the extract with 2.5 mL
of freshly prepared anthrone (150 mg of anthrone +
100 mL of H2SO4) and placed in a water bath at
95°C for 5 min for the glucose and a water bath at
40°C 30 min for the fructose [19]. After cooling,
the absorbance at 625 nm was measured in a spectrophotometer.
The lipid peroxidation was measured as the
amount of malondialdehyde (MDA) determined by
the thiobarbituric acid (TBA) reaction [20]. The
MDA content was calculated according to the molar extinction coefficient of the MDA (155 mM–1
cm–1).
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**)'6 2* ):2+)1275 %33/-'%6-21 2* 342/-1)
21 4)/%6-8) 9%6)4 '216)16 " %1( ',/242
3,;// '216)16 2* )++3/%16 +4291 71()4 5%/6
564)55 Salinity caused decrease of RWC at Kemer
and Mardin. These reductions were determined by
42.6% in Kemer and by 32.2% in Mardin compared
to control plants. Data in Table 1. show that the
application of various levels of proline (i.e., 5 and
10 mM) had enhancement effects on the RWC of
eggplant leaves. The concentration of 10 mM proline was found to be most effective one; increasing
the RWC by 49% for Kemer, and by 31.3% for
Mardin compared to the salt stress. Similarity, chlorophyll content reduced at 34.7% in Kemer and
6.6% in Mardin in salt stress condition (Table 2).
However, treatment of proline with 100 mM, the
chlorophyll content shown rise average 25.2 and
34.6% rations. The best response of chlorophyll
content was recorded with 10 mM proline application. This best treatment increased chlorophyll
content by 52.6% in Kemer, by 16.6% in Mardin
compared to the only salt treatment.


**)'6 2* ):2+)1275 %33/-'%6-21 2* 342/-1)
2152/7&/)57+%45+/7'25)*47'625)%1(342/-1)
2* )++3/%16 +4291 71()4 5%/6 564)55 As evident
from, the leaf sugar and proline contents increased
under salt stress condition (Table 2). Under salt
stress, proline treatments increased glucose, fructose, and proline content among 880.2 to 1213.3%,
59.3 to 97.7%, 101.1 to 378.4%, respectively. The
10 mM proline was more effective, increasing the
glucose, fructose, and proline contents by 139.6%,
33.9%, 30.3% in Kemer and 164.1%, 52.6%, 46.4%
in Mardin, respectively compared to those salt
stressed control.

**)'6 2* ):2+)1275 %33/-'%6-21 2* 342/-1)
21'216)16Data in Table 2 show that comparing with control, salt stress caused significantly
(P≤0.05) increased leaf MDA content of eggplant
leaves. However, under salt stress, proline application decreased all mentioned attributes compared to
the control. The best response of these attributes
was recorded 10 mM proline application, which
decreased MDA in Mardin and Kemer by 4.4 and
81%, compared to the control.


 
,226%1(4226*4)5,9)-+,65,226%1(4226,)-+,64)/%6-8)9%6)4'216)16"-1
)++3/%163/%16557&.)'6)(62(-**)4)1664)%60)165
Shoot Fresh Weight
Root Fresh
Shoot Height
Root Height
RWC
(g/plant)
Weight (g/plant)
(cm/plant)
(cm/plant)
(%)
Mardin
Kemer
Mardin Kemer
Mardin Kemer
Mardin
Kemer
Mardin
Kemer
C
11.35ab
12.37a
4.6ac
6.19a
23.33a
25a
34.33ab
31a-c
77.69ab
83.68a
± 2.89
± 2.82
± 0.36
± 0.67
± 0.78
± 1.73
± 1.77
± 2.53
± 2.34
± 3.64
S
5.68c
4.93c
3.38bc
2.96c
15.33b
14b
20.33cd
13.33d
52.64bc
47.97c
± 0.99
± 0.80
± 1.18
± 0.67
± 1.06
± 1.00
± 0.58
± 1.31
± 2.12
± 3.71
S+
7.08bc
5.36c
5.3a
4.83ab
18.66ab
15.33b
28.66a-c
19cd
69.03a-c
64.34a-c
P1
± 0.42
± 0.91
± 1.50
± 0.32
± 1.53
± 1.52
± 1.51
± 1.12
± 3.16
± 2.89
S+
8.24a-c
7.55bc
5.47a
5.9a
20ab
15.66b
37.33a
23.66b-d
69.15a-c
71.51a-c
P2
± 0.19
± 1.51
± 1.25
± 0.94
± 1.58
± 0.58
± 1.32
± 1.53
± 2.47
± 1.56
*Values represent means of at least three replications per treatment ±SE. Means within each column followed by different
letters are significantly different (p = 0.05).
(C: control, S: 100 mM NaCl, S+P1: 100 mM NaCl+ 5 mM proline, S+P2: 100 mM NaCl+ 10 mM proline)

 
,/2423,;//342/-1)*47'625)+/7'25)%1('216)16-1)++3/%163/%16557&.)'6)(62
(-**)4)1664)%60)165
Chlorophyll
Proline
Fructose
Glucose
MDA
(mg FW)
(μmol g-1 FW)
(mg g-1 DW)
(mg·g-1 DW)
(µmol g-1 FW)
Mardin
Kemer Mardin Kemer
Mardin
Kemer Mardin Kemer
Mardin
Kemer
C
42.28a-c
52.92a
1.72b
3.55ab
11.71d
11.93d
1.43b
0.86b
9.6b
11.39b
± 1.52
± 3.19
± 0.27
± 0.63
± 0.78
± 2.33
± 0.36
± 0.63
± 1.27
± 3.24
S
39.48bc
34.56c
5.62ab
6.05ab
15.17b-d
14.19cd
7.11ab
3.68b
24.9ab
43.03a
± 15.54
± 3.31
± 2.34
± 0.80
± 1.11
± 0.25
± 1.74
± 1.88
± 1.06
± 2.06
S+ P1 46.03a-c
49.59ab
7.55a
7.14a
19.23ab
19a-c
18.68a
8.43ab
18.54ab
37.83ab
± 1.81
± 2.26
± 0.97
± 1.05
± 1.24
± 5.14
± 2.90
± 1.86
± 3.45
± 3.55
S+ P2 42.23a-c
52.74a
8.23a
7.88a
23.15a
23.79a
18.78a
8.82ab
10.03b
20.67ab
± 2.45
± 2.64
± 1.41
± 2.10
± 2.24
± 2.13
± 1.26
± 2.16
± 2.47
± 3.65
*Values represent means of at least three replications per treatment ±SE. Means within each column followed by different
letters are significantly different (p = 0.05).
(C: control, S: 100 mM NaCl, S+P1: 100 mM NaCl+ 5 mM proline, S+P2: 100 mM NaCl+ 10 mM proline)
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%1(#)1<;0)%'6-8-6-)5-1)++3/%163/%16557&.)'6)(62(-**)4)1664)%60)165



(C: control, S: 100 mM NaCl, S+P1: 100 mM NaCl+ 5 mM proline, S+P2: 100 mM NaCl+ 10 mM proline)


'6-8-6-)5 2* 573)42:-() (-5076%5) 
'%6%/%5)+/76%6,-21)4)(7'6%5)%1(
%5'24&%6)3)42:-(%5)#The activity of antioxidant enzymes (SOD, CAT, GR, and APX) increased with oxidative stress in both the eggplant
genotypes (Figure 1). The plants raised in NaCl
(100 mM) subsequently exposed to 10 mM proline
had maximum increase in SOD, CAT, GR, and
APX activities in Mardin. The values increased by
326.11% SOD, 520.51% CAT, 370.98% GR, and
257.96 % APX in Mardin respectively, as compared to their respective control plants, at 10 days
stage of growth. On the other hands, 10 mM proline
application was ensured significant increase in
enzyme activity in salt sensitive genotype. According to our results, SOD, CAT, GR, and APX activities increased by 1.75, 139.53, 5.59, and 11.41%
respectively, in salt stress condition compared to
control when compared to salt stress, these rations
determined by 117.50, 65.22, 203.03, and 62.18%.

the turgidity of the leaves such as their relative
water content, RWC and the process of photosynthesis in the end [23, 24].
The acquired data proves that the salinity
brought a gradual decrease in the growth level of
leaves and roots in the examined genotypes of the
eggplant (Table 1). In the present study, the proline
which was used exogenously enhanced the tolerance to salinity in both genotypes of the eggplant.
The decrease in the length of shoots and roots, fresh
weights of the shoots and roots of the plants under
the influence of the salt stress demonstrated a restriction in growth. This restriction in growth might
reasonably occur because of the osmotic results of
the saline stress in the prior phase or ionic stress
influencing the growth of plants much later in time
[1]. Nevertheless, the 10 mM proline, which was
applied exogenously, considerably enhanced the
growth limits of the plants. It was likely that the
applied proline could be taken in by the seedlings
which were growing, in which it regulated the water status by improving the influx of water and the
efflux of water that was declining under the saline
stress [1]. Moreover, it was suggested by Mansour
and Ali [25] that the proline may possess an adjusting value because more energy is collected as nitrogen to be consumed for growth.
Salinity decreases RWC, which exposes the
membranes of cells to alterations like penetrability
and viability decline [24]. So as to regulate the
turgor and the uptake of water for development,
plants which are subject to salt stress decrease their
water potential by performing osmotic adjustment.

 
One of the vital restraining determinants is salinity which restricts the growth and formation of
plants, brings morphological, physiological and
biochemical deficiencies and afflictions in eggplants. It harmfully influences the growth of plants
because of a decrease in the expansion and division
of cells, their activities in terms of metabolism, and
their fresh and dry weight, eventually. It decreases
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This is usually stabilized with solutes that are metabolically appropriate, which is also able to be taken
from the root zone or freshly synthesized inside the
plant. It was expressed by Mansour and Ali [25]
that the proline has an important function in the
osmotic adjustment and as a protectant. Our study
demonstrated that the proline application that is
exogenously improved the values of RWC by 31 to
49% in the environment affected by the salt stress.
This circumstance has been matched with the water
efflux restriction that is combined through the influences of solutes on the stability of the membrane
and decreased transpiration through the influences
of stomatal regulation. The result of this present
study ratifies former evidence, where the foliar
proline application enhanced the status of water in
squash [26], rice [27], and lettuce [9] that were
under the influence of saline conditions.
One of the vital pigment components in a
plant is considered to be chlorophyll [12]. It was
stated by Rady et al. [28] that the chlorophyll in
leaves as a biochemical feature is among the vital
physiological signs that indicated the partly stress
in a plant because of its dependency on water and
nutritional opportunities. In this present study, there
was a decline in overall chlorophylls in the leaves
of the eggplant because of the salt stress exposed to
the plants (6 ad 34% decline) (Table 2). The decrease in the chlorophyll in the plants that were
subject to stress might be because of the disorder of
the thylakoid membranes, more chlorophyll degradation in the synthesis through forming proteolytic
enzymes like chlorophyllase which holds the responsibility of the degradation of chlorophylls and
damages inflicted on the photosynthetic apparatus.
This should lead to a decrease in the net assimilation rate of the plant and the relative rate of development as well as restricting influence caused by
the ions that have been gathered [28]. Upon proline
application with salt (NaCl), the chlorophyll content in the plant was widely protected when it was
analyzed in contrast with the salt treatment solely.
10 mM proline which was exogenous considerably
relieved the growth restriction that was caused by
the saline stress by protecting the photosynthetic
apparatus, which may lead to an increase in the
chlorophyll content [25].
The proline gathering is considered to be one
of the major adaptation mechanisms of plants to
salinity. Along with its part to function as an osmoprotectant, proline cancels out the harmful influences of the saline stress by relieving the damage at
the cellular level and enhancing the defense systems of antioxidants [12]. In this study, considerable growth in the proline content was discovered in
the plant leaves of the eggplant genotypes that are
resistant to saline conditions (Mardin) compared to
those that are sensitive to saline conditions (Kemer). The considerable proline gathering in the
eggplant as opposed to saline conditions signifies

that the vital role of this osmolyte, which is adjusting, under destructive conditions. The gathering of
proline is believed to be a vital physiological limitation for plants to adapt to salinity [1]. Salinity exceptionally improved proline degrees in varying
salt-sensitive and/or salt-tolerant species of plants
with higher degrees in plants that show tolerance to
salt stress [29]. Nevertheless, the results of this
present study demonstrated that the proline that is
exogenous with salt treatment considerably improved the proline concentration in both of the
genotypes which have been stated above when
analyzed in contrast with the control group. Plant
have developed different mechanisms for adaptation in order to counter with salinity. One of the
major mechanisms for adaptation to salinity is the
appropriate solute gathering. Proline is the most
prevalent appropriate solute that emerges in broad
types of plants [12]. It has been demonstrated that
plants that are resistant to salinity are able to gather
more proline under the influence of saline stress.
The appropriate solute application that is exogenous
suggests a beneficial instrument for salt tolerance
mechanism studies. One of these mechanisms base
on the osmotic adjustment capacity, allowing the
development of the plant to keep on under the influence of saline stress [8].
So as to cancel out the salt stress, the plants
evolved varying mechanisms for adaptation. Sugars
are the vital balancers that initiate many processes
in terms of physiology such as the photosynthesis,
the germination of seeds, flowering, senescence,
and so on under the influence of different types of
environmental stresses [30]. In prior studies, it was
stated that during the carbon partitioning, carbohydrate, osmotic homeostasis, growth regulation,
photosynthesis, protein synthesis, lipid metabolism,
and gene expression sugars have a diligent role
under the influence of many environmental stresses
and membrane stabilizations [30, 31]. Furthermore,
elevation in the soluble sugar concentrations like
glucose, fructose, and sucrose improve the tolerance of plants to many environmental stresses like
saline, frigid, and dry conditions [32]. The acquired
results from our study stated that the proline treatment that is exogenous regulated the glucose, sucrose and fructose content levels that were elevating (Table 2). These alterations were regulated by
59-1206% rations in 5 mM proline treatment
whereas it was 97-1213% in the 10 mM application. It is probable that sugars are able to function
as a shielding role in order to combat stress determinants such as osmoprotectants, carbon skeleton
donors or molecules that are signaling in many
defensive reaction regulations [33]. The concentrations of MDA which is the final product of the
peroxidation of membrane lipids depict the cell
membrane damage levels in plants that were subject
to salt stress [1]. It was obvious that high levels of
salt exceptionally boosted the MDA concentrations
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in leaves when analyzed in contrast with the control
group. However, these results acquired from the
study implied that 10 mM proline that was applied
exogenously was able to lighten the oxidative damage and regulate the stability of the cell membranes
under the influence of high salt stress (51-59%
MDA content decline) (Table 2). In addition, it was
observed that the proline is able to weaken the ROS
influence and reduce or fix the damage caused by
the stress through the stabilization of the antioxidant system by safeguarding cell membrane integrity and osmotic adjustments [34]. The proline controlled the integrity of the membranes by reducing
malondialdehyde (MDA) contents. The former
discussion indicates an obvious proof for the place
of external proline application in improving the
tolerance of plants to salt conditions by improving
varying responses that are physiological or biochemical. For example, the inclusion of proline to
the peanut culture medium ( #)
confirmed to be advantageous for plants and membrane lipids that were safeguarded from the peroxidative damage inflicted by salinity [34, 35]. Furthermore, the proline that is exogenous decreased
the effects of peroxidation of membrane lipids,
hence enhancing the development of tobacco cells
under the influence of saline conditions [25].
Plants being subject to saline conditions harms
both physiological and biochemical actions such as
stomatal conductance, growth, turgor, photosynthetic rate, and also injures the components at the
cellular level. ROS grow and are able to pose a
challenge to the cells of the plants by inducing
peroxidation of lipids and proteins, breakage of
nucleic acids, limited effectivity of enzymes, cell
death that is programmed, and eventually resulting
in the cell deaths [3, 36]. Disproportionately gathering ROS may interact with appropriate objects such
as proteins, chlorophyll, nucleic acids, and lipids.
The main ROS involves molecules that are not
radical such as singlet oxygen (1O2) and hydrogen
peroxide (H2O2), along with radicals that are free
like superoxide (O2•−) and hydroxyl radicals (•OH)
[37]. So as to avert this oxidative damage, the
plants elevate the enzymatic levels like SOD, GR,
POX, APX, and CAT, and levels of antioxidative
components that are non-enzymatic like proline to
hunt down the ROS [38]. The metalloenzyme group
involves the superoxide dismutase (SOD) which
acts as a vital enzyme in the first stage of the antioxidant defense. The catalase (CAT) which dismutates two H2O2 molecules into water and oxygen
was detected first among the antioxidant enzymes.
The ascorbate peroxidase (APX) functions as a
catalyst the initial step in the water-water cycle that
is classical [39], in which flavoenzymes, which are
DHAR and GR, involve a fundamental disulfide
group, act as the catalyst for the ascorbate regeneration from dehydroascorbate utilizing glutathione,
and eventually NADPH as reductants [11]. Several

study results demonstrated that the relationship
between tolerance to salinity and increased antioxidant enzyme activities [37- 42]. Likewise, Mishra
et al. [42] proposed that a higher antioxidant redox
status and the regulated elevation in the levels of
activities of GR, GPX, CAT, APX, and SOD in
order to function as the important predictive factors
of the tolerance to salinity in the seedling of Indica
rice. The safeguarding proline mechanisms have
freshly been disclosed in plants against different
oxidative stresses [12]. In the safeguarding of plants
that are cultivated under harmful abiotic stresses
through the regulation of osmotic adjustment, functioning as a chaperone that is molecular and safeguarding the protein and enzyme integrities [34].
To be clear, it may regulate proteins, scavenge
ROS, and membranes, which results in minimizing
the damage inflicted upon cells under stress circumstances [25]. Foliar proline application is an
extensive approach to lessening damaging influences of the salt stress. The activities of antioxidant
enzymes like peroxidase (POX), dismutase (SOD),
and catalase (CAT) are considerably boosted as
opposed to the proline that was foliar applied in
tobacco suspension cultures under the influence of
the salt stress [3]. As it can be seen in the results of
our study, the exogenous application of proline
preserved the increased activities of SOD, APX,
GR, and CAT by 80-520% rations, in that order
(Figure 1). Indeed, proline’s potential of low ionization is able to allow this compound to quickly
structure a changeable charge-transfer complex
with 1O2 and effectively suppresses ROS [34]. It
was expressed by Mansour and Ali [25] that Pro
has been observed to possess antioxidant activity, to
initiate systems of detoxification, to play a part in
cellular homeostasis through safeguarding the balance of the redox, and acts as protein precursor, a
source of energy for the processes of recovery from
stress conditions.


 
The adaptation of plants to salinity is a complicated anomaly and includes a series of osmolyte
production. Proline gathering has been suggested to
have a vital part in salt tolerance, which is one of
the osmolytes and signaling molecules that were
broadly described as the cause to gather in plants
under the influence of saline conditions. Pro safeguards plants against drought and salt stress primarily by controlling osmotic adjustment and ROSscavenging and adjusting antioxidant metabolites
and the vital enzymatic components of the defense
system that is enzymatic, all of which leads to a
considerable decrease in damages to cells. The
results of the study demonstrate a beneficial effect
of foliar-applied proline levels; however, 10 mM
was discovered to be more influential in relieving
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the salt stress in the aforementioned genotypes of
the eggplant. Hence, Mardin which is the secluded
genotype that shows tolerance to salt is favorably
able to be proposed for its growth in the regions
under the influence of salinity. In addition, the
proline in Kemer genotype which shows sensitivity
to salt stress was able to boost the tolerance level to
salt and proline 10 mM may be utilized as a probable osmoprotectant to cancel out the adverse effects
of the salinity.
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into hepatocytes and replicates. The virus with high
replication rate leads to increased fibrosis as a result
of continuous inflammation [1, 2].
Hepatitis C virus (HCV) is one of the leading
causes of chronic liver disease (CLD), cirrhosis and
HCC. Although replication of the HCV also occurs
mostly in hepatocytes, the virus potentially proliferates by entering into the immune system cells [3,
4]. There is an inflammation accompanied by periportal necrosis in the liver and fibrosis in patients
with chronic hepatitis C (CHC). With the increased
inflammatory cytokine production and direct cytopathic effect, T-cells cause hepatocyte apoptosis
and fibrosis [5].
Oxidative stress (OS) and cytotoxicity caused
by some substances with viral character has been
held responsible for the formation of some chronic
diseases such as hepatitis [4]. Intracellular antioxidants (glutathione [GSH], S-adenosyl-L-methionine
[SAM] and thioredoxin [TRX] and antioxidant
enzymes (Superoxide dismutase [SOD], catalase
[CAT], GSH peroxidase [GPx] are included in the
mechanisms involved in cell protection against
OS [3].
Glutathione is a tripeptide that can be synthesized in the liver, which is found in the cytosol,
nucleus and mitochondria in the cell. It is stored in
the cells of an organism [6] and considered to be
one of the most important anti-oxidants. Glutathione is a redox and cell signal regulator that reduces
the hydrogen peroxide (H2O2) levels and cleans the
reactive oxygen and nitrogen species (RONS) [4].
In recent years, various molecular interactions
including viral proteins, host cell factors, enzymes
producing reactive oxygen species (ROS) and cellular antioxidant systems have been reported [3].
Hepatitis B virus regulates OS through the
HBV X protein (HBx) protein. Therefore, OS plays
an important pathogenic role in CHB-induced liver
injury. Oxidative DNA damage has also been suggested to increase the risk of HBV-induced HCC
[2]. Although viral hepatitis B is thought to occur
due to antioxidant barrier disruption, OS is the main
trigger in disease formation and progression in
HCV infection.
The emergence of OS in hepatitis C infection
is attributed to chronic inflammation, lipid peroxidation, iron accumulation in the liver parenchyma,

In this study, serum levels of glutathione
(GSH), which is thought to have significant effects
on both liver inflammation and follow-up of the
disease progression in cases with chronic hepatitis
B (CHB) and chronic hepatitis C (CHC), were
examined. The study included 85 patients with
CHB (46 were female, 39 were male; with an age
range of 41.7±14.3) (group 1), 35 patients with
CHC (13 were female, 22 were male; with an age
range of 44.1±12.7) (group 2), and 30 healthy individuals with no chronic disease (12 were female, 18
were male; with an age range of 37.4±15.6) (control
group). The serum levels of glutathione of the patients were determined via enzyme-linked immunosorbent assay (ELISA) method (R&D Systems,
Minneapolis, MN, USA). There was no statistically
significant difference between the patient groups in
terms of serum levels of GSH (p>0.05). However,
GSH levels were found to be statistically significantly lower in the patients groups than in the control group (p<0.05). There was no statistically significant difference between GSH levels and histological activity index (HAI), fibrosis, and viral load
in the patient groups (p>0.05).
Compared to the control group, patients with
CHB and CHC has been found to have low levels
of GSH, which has showed that GSH has an important role in liver inflammation and tissue damage. Glutathione can be used in the diagnosis and
follow-up processed as a marker of inflammation.
Furthermore, treatments for increasing the GSH
levels may positively contribute to the treatment of
CHB and CHC cases in terms of the prevention of
viral replication and tissue damage. There is a need
for large-scale studies including treatment.
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Hepatitis B virus (HBV) is a significant virus
leading to chronic hepatitis B (CHB), liver cirrhosis
and hepatocellular carcinoma (HCC). HBV enters
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changes in GSH levels, and the effects of HCV on
enzyme activity of non-structural and structural
proteins and on mitochondria and hepatocyte genes
[7]. Oxidative stress plays an important role in the
pathogenesis of HCV. Therefore, new solutions are
being sought to manage OS in HCV infection. Antioxidants can be used to prevent HCV replication,
to improve liver enzyme levels, and to prevent liver
cell damage [4].
Although interferon and nucleoside analogues
are standard treatment methods, there are problems
regarding their efficacy and side effects. Therefore,
it is thought that natural medicines with high therapeutic efficacy and minimal side effects are needed
to be developed. Immune system cells are highly
exposed to free radicals and toxic compounds in
inflammatory cases. There is a need for an effective
GSH system to clean these toxic compounds. Glutathione, the most abundant non-enzymatic antioxidant in cells, is the main intracellular defense
mechanism against OS, which also plays an important role in the repair of liver damage caused by
virus, alcohol, drugs and trauma. However, there is
a limited information about the treatment effect of
GSH on CHB [8].
If the medications used in the treatment have
also an antioxidant effect, this may increase the
success of the treatment and may reduce the occurrence of oxidative damage-induced secondary diseases. Furthermore, viral diseases are important in
the determination of treatment strategy since they
occur due to complex host reactions as well as
direct viral effects.
The aim of this study was to determine the serum levels of GSH in CHB and CHC cases, which
may be used for diagnosis of liver inflammation
and follow-up of the disease progression and which
may be a new and effective therapeutic target in the
treatment of these cases, and to reveal the relationship between GSH and liver enzymes, viral load,
and liver inflammation. Thus, GSH can be used in
the follow-up and treatment of CLDs. There is a
need for large-scale studies including treatment.




acute hepatitis (12 female, 18 male, age range
37.4±15.6) (control group).
Approximately 3 cc of peripheral venous
blood sample was taken from patients and separated
into sera.Sera were stored in the freezer at -37°C
until the day when the study would be carried out.
Sera were brought to room temperature and dissolved and serum GSH levels were, then, determined via Enzyme-Linked Immunosorbent Assay
(ELISA) (R&D Systems, Minneapolis, MN, USA).
The histological activity index (HAI) and fibrosis
obtained from liver biopsy of the patients were
evaluated according to Ishak scoring (HAI was
evaluated over 18; fibrosis was evaluated over 6)
[9]. The study protocol was in conformity with the
ethical rules of the Helsinki Declaration of 1975
and the study was approved by Fırat University
Ethics Committee of Clinical Trials (Decision no.
07 of 18.01.2018).

5%5-45-'%.%0%.84-4 Statistical analysis was
performed using SPSS version 22.0 software (Chicago, USA). Kolmogorov-Smirnov and ShapiroWilk normality tests were used to determine whether or not the continuous variables were normally
distributed. Student’s t tests were used in the analysis of continuous variables with normal distribution.
Categorical data was analyzed by using chi-square
test. Numerical data was expressed as mean ±
standard deviation, while categorical data was expressed as percentage. A p value of <0.05 was considered statistically significant.


  
There was no statistically significant difference between the patient groups in terms of serum
levels of GSH (p>0.05). Compared to control
group, GSH levels were found to be statistically
significantly lower in 1st and 2nd patient groups
(p<0.05). There was no statistically significant
difference between GSH levels and HAI, fibrosis,
and viral load in the patient groups (p>0.05). Demographic characteristics, mean values of laboratory tests, serum GSH levels, and p values of the
study groups are summarized in Table 1.
It is estimated that there are approximately
350 million HBV carriers, which is an agent of
acute and chronic hepatitis, in the world. Approximately 5% of HBV-related hepatitis is known to
become chronic and a significant portion of them
turns into cirrhosis and then to HCC [10].
Of the world population, approximately 3% is
thought to be infected with HCV [3]. Hepatitis C
virus infection results in about 3-4 million new viral
hepatitis cases per year. Cirrhosis of the liver or
CLD with a risk of HCC develops in about 150
million individuals [4].


The study included 85 patients with CHB,
who were HBV DNA (+) (104-109 IU/mL), HBV
surface antigen (HBsAg) (+) and HBV early antigen (HBeAg) (+/-) and whose alanine aminotransferase (ALT) levels were high or normal for at least
six months (46 female, 39 male, age range
41.7±14.3) (group 1), 35 patients with CHC, whose
anti-HCV (+), HCV RNA (+/-), and ALT levels
were high or normal for at least six months (13
female, 22 male, age range 44.1±12.7) (group 2),
and 30 healthy individuals aged >18 years without
any chronic disease (such as diabetes mellitus,
chronic renal failure, autoimmune hepatitis) and
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)/1+3%2,-'',%3%'5)3-45-'41*',310-',)2%5-5-4%0(',310-',)2%5-5-4%0('10531.
+31624/)%07%.6)41*.%&13%51385)4544)36/.)7).4%0(7%.6)4
1.group
2.group
3. group
P1
P2
P3
(CHB)
(CHC)
(Control)
Age
41.7±14.3
44.1±12.7
37.4±15.6
Sex (F / M)
46/39
13/22
20/10
AST (IU/L)
28.4±18.1
25.0±12.0
21.8±8.74
0.08
0.38
0.06
ALT (IU/L)
40.7±41.3
27.4±29.1
22.6±15.2
0.24
0.31
0.54
GGT (IU/L)
22.8±19.9
30.3±25.0
21.9±14.1
0.22
0.33
0.20
AFP
2.31±1.09
4.06±2.94
2.26±1.07
0.06
0.28
0.06
T Bilmg/dL)
0.53±0.33
0.63±0.35
0.43±0.25
0.24
0.18
0.14
PTZ
11.6±0.84
11.7±1.03
11.1±1.31
0.49
0.24
0.19
HBeAg(N/P) %)
73.91/26.09
HBV DNA
104-109c/ml
HCVRNA(N/P) (%)
38.6/61.4
HAI
7.9±2.7
9.4±2.9
0.24
Fibrosis
2.2±1.0
2.5±1
0.16
GSH (ng/mL)
120.9±11.3
131.3±16.7
198.8±33.4
0.08
0.01
0.02
 1group-2.group;  1.gorup-3.group;  2.group-3.group; HAI: Histological activity index; AST: Aspartat Aminotransferaz; ALT: Alanin Aminotransferaz; GGT: Gama glutamil transpeptidaz; AFP: Alpha feto protein; PTZProthrombin time;
N: Negative; P: Positive; c: copy; TBil: Total billirubin


Change in oxidant-antioxidant balance is
known to play a significant role in the progression
of liver injury [7]. Cytokines cause liver inflammation, cell apoptosis, liver regeneration, and fibrous
tissue formation, eventually leading to CLD and
liver cirrhosis. Being a non-enzymatic antioxidant,
GSH is a thiol consisting of glutamic acid, cysteine,
and glycine. It controls gene transcription and inhibits interleukin (IL)-6, IL-8 and tumor necrosis
actor (TNF)-αsynthesis. Glutathione and its precursors can be used as free-radical scavengers which
may reduce TNF-α mediated oxidative damage in
cells and endothelial cell permeability as well as
activating the apoptosis protease by inhibiting TNFα. In this way, damage to cell proteins can be reduced [8].
Production of ROS is a multifactorial procedure in patients with CLD. Prolonged necroinflammatory diseases may cause hepatic necrosis
ROS generation. Glutathione is a substrate in both
conjugation and reduction reactions. Glutathione’s
antioxidant system has various physiological functions such as detoxification of oxygen radicals,
enzymatic degradation of endogenous peroxides,
and formation of bioactive molecules. It was reported that HCV core protein induces mitochondrial
damage causing OS [5]. Serum gamma glutamyl
transpeptidase (GGT) levels, which is a cell surface
protein that induces extracellular catabolism of
GSH, have been shown to be increased in CHC
infection. The enzyme is produced in many tissues,
particularly the liver, and an increase in GGT levels
may cause overuse of GSH [5]. In this study, there
was no statistically significant difference between
GGT and other liver enzymes (AST, ALT and
GSH) (p>0.05).
In a study, treatment with GSH has been reported to recover liver function in a short period of
time and to repair the membrane structure of liver

cells thanks to its antioxidant effect. It has been
further reported that metabolic disorder can be
prevented in liver cells in this way. Furthermore,
GSH has been reported to prevent the activation of
effector cells by inhibiting cytokine synthesis and
reduce cytokine-induced damage to liver cells. In
another study, GSH treatment was shown to decrease serum levels of ALT, AST, total bilirubin,
transforming growth factor (TGF)-β1, TNF-α, IL-6
and IL-8 in patients with CHB. However, it was not
determined in this study that how long the effect of
GSH would continue [8].
The results of studies on oxidant-antioxidant
balance of patients with CHC are contradictory.
There are studies in the literature reporting that
intracellular GSH status does not change during
replication and that ROS level is not high enough to
cause an increase in GSH [11]. It has been shown
that ROS levels increase in liver tissue and activity
of antioxidant enzymes decrease in CLD cases.
This significant increase in ROS has also been
identified in lymphocytes of patients with CHC
[12]. In some studies on the pathogenesis of CHC
and OS, it has been shown that liver damage starts
directly in cases of increase in oxidation in oxidative balance [7].In patients with CHC, OS is characterized by reduced activity of antioxidant enzymes. Oxidative stress is not the result but the
reason of the development of CHC. Recently, it has
been reported that combined antiviral therapy,
which is thought to have antioxidant effect, provides protection of antioxidant balance [5].
Oxidative stress is thought to be an important
step in the development and progression of liver
damage. In a study by Mahmood et al. [13] including chronically infected patients with HCV, a significant reduction in hepatic, plasmatic and lymphocytic GSH levels was shown particularly in
genotype 1b-infected patients. In many studies,
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increased OS and decreased antioxidant levels have
been reported in CHC patients. Antioxidants have
been recommended to be used together with the
standard treatment regimens due to the role of OS
in the pathogenesis of HCV infection [14].
Oxidative stress has an important pathogenic
role in post-CHB liver injury. Hepatitis B virusinduced OS may trigger the stimulation of hepatic
stellate cells, proliferation of myofibroblasts, extracellular matrix formation, and increase in fibrogenesis [2].
In conclusion, ROS and lipid peroxidation
play an important role in the pathogenesis of HBV
and HCV infections. Preventions aimed at improving the ROS imbalances and thus reducing OS in
the HBV-infected liver might have therapeutic
benefits for patients with CHB and CHC in terms of
preventing progressive liver damage, fibrosis, and
cirrhosis. In the present study, GSH levels were
found to be lower in patient groups compared to the
control group. Glutathione may have a role in
chronic inflammation and tissue damage. However,
GSH might not contribute to the determination of
liver damage degree since we did not identify a
statistically significant difference between GSH
level and viral load, HAI, and fibrosis Glutathione
can be used for the purpose of diagnosis and follow-up as a marker of inflammation. Treatments for
increasing the GSH levels may positively contribute
to the treatment in CHB and CHC cases in terms of
the prevention of viral replication and tissue damage. There is a need for large-scale studies including treatment.
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Water quality is the summation of all physical,
chemical and biological factors that influence the
beneficial use of water [1]. Determination of physical, chemical and biological parameters affecting
water quality is important in defining water quality
[2]. Water quality plays an important role in every
single aspect of human and ecosystem life. However,
human activities and natural processes adversely affect the quality of surface water and negatively affect
their use for drinking, industry, agriculture, recreation and other purposes [3].
Discharges caused by domestic, industrial, and
agricultural activities reduce the quality of surface
waters, and negatively affect their use. The rivers are
most exposed to pollution as they are used for domestic, industrial and irrigation purposes. Therefore,
spatial and temporal changes of water quality of
streams exposed to pollution by natural and anthropogenic factors should be monitored and evaluated
[4, 5].
The streams and their basins in which they are
located have both biotic and abiotic systems, and are
under the influence of many ecological factors in the
region from the source point to the environment. Especially in recent years, excessive population growth
and migration events, rapid increase of industry,
wrong urbanization processes, unconscious use of
natural resources and unconsciously agricultural activities cause the natural characteristics of rivers to
be lost and polluted [6].
Clustering analysis is one of the common multivariate analysis method which group parameters
into dissimilar clusters and clusters them by their
similar features [7]. The key idea is to find similarities or distances / closeness among observed individuals and objects. The smaller the distance reflects the
closeness of these clusters to each other. Since, Factor Analysis facilitates the interpretation of large
data sets, is widely used in water quality assessment
researches, especially in recent decade [8]. It allows
new variables to be set up that are independent of
each other simultaneously, more expressive and
summarized. Based on the relationships among a
large number of variables, PCA aims to uncover unseen extents that are known to exist but cannot be

Çömlekçi Stream, Giresun, Turkey has been
monitored to measure twenty-one pyhsico - chemical characteristics by taking monthly water samples
from three different stations along its course during
twelve-month study. The mean and standard deviation of water quality parameters were as follow:
WT=13,28±6,5 °C, pH=8,03±0,57, EC= 139±61
µScm-1, Salinity= 0,101±0,04 ppt, TDS=103±37
mgL-1, DO= 11,38±2,39 mgL-1, DOS (%)=106±18,
SRP= 0,032±0,047 mgL-1, TP= 0,34±0,32 mgL-1,
Chll-a= 2,86±2,49 µgL-1, TAN=0,44±0,38 mgL-1,
BOD5 = 2,48±1,75 mgL-1, TA=54±17 mgL-1 CaCO3,
TH= 81,6±30 mgL-1 CaCO3, Chlorine=0,047±0,026
mgL-1, Si= 4,15±1,2 mgL-1, Phenol= 0,046±0,03
mgL-1, NO2-N= 0,014±0,006 mgL-1, NO3-N=
0,60±0,39 mgL-1, SO4-2 =1,26±1,7 mgL-1, SO3-2=
1,96±0,21 mgL- 1. Water quality standards of WHO,
water quality index (WQI) and Turkey’s Surface
Water Quality Regulations (SWQR) were used to assess the water quality of the stream.
Spatial and temporal variations and similarities, the relation between the sources and parameters
of stream pollution were determined by using statistical analysis methods such as One-Way ANOVA,
PCA, CA, PCI etc. All measured parameters were
below the recommended threshold limit values with
the exception of TP and chorine which both were
classified as class III according to SWQR. The WQI
values of Çömlekçi Stream were ranged between
33,52 and 43,3 with the mean value of 38,46. The
water quality of the stream was classified as “good
water” for all months and stations according to the
these WQI values of the present study.
,+#&'
Giresun, Çömlekçi Stream, physicochemical parameters,
water quality index (WQI), multivariate statistical analysis, principal components analysis (PCA), cluster analysis
(CA).
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measured directly by observation, and to joined them
by decreasing the number of data groups.
Since there are diverse kind of water quality parameters, some researchers have developed Water
Quality Index (WQI) to express in a simple form of
general surface water quality [9]. WQI is a brief and
widespread technique to define the water quality for
variety purpose of usage. Index is characterized by a
distinct number which demonstrate the quality or
pollution level of water by combining the values of
variety parameters [10, 11].
The Çömlekçi Stream is sourced from plateau
of Görele town of Giresun, Turkey. The stream pass
through hazelnut fields along its course and settlements. The stream is important water source for the
region by supplying their household use, drinking
and irrigation water. The Çömlekçi Stream, however, has been polluted densely especially in recent
years mainly because of agricultural activities such
as fertilizers and pesticides use all year round. The
aim of the present study is to determine the water
quality of Çömlekçi Stream by using techniques
such as WQI, PCA, CA, PCI, to reveal the sources
of pollution depending on time and place, to determine the relationships between the parameters and to
determine the purposes for which the stream can be
used and to determine their suitability for aquatic
life.

'?@0D-=1-The Çömlekçi Stream merges into
the Black Sea from the west side of Görele district of
Giresun, Turkey. It is one of the important streams
of the region, which provides drinking water to
Görele and its surrounding towns, as well as is used
in agriculture and livestock activities. The main
channel length of the stream which has approximately 32 side branches is 29.7 km and has a flow
rate of 7 m3 / sec. This research was carried out
monthly between October 2013 and September
2014. The location and the coordinates of the sampling stations are summarized in Table 1 and shown
in Figure 1.
(  
::=059-?1>:2>-8;7593>5?1>
Region
Site 1
Site 2
Site 3

Coordinate
40 51 53 N- 38 57 36 E
40 56 11 N- 38 56 54 E
41 02 05 N- 38 58 02 E



Altitude
5m
188m
452m

+-?1=9-7D>5>A day before the field study,
the water samples will be taken and all the glassware
to be used in the analysis processes were washed by
1-2% HCl acid bath. They were then rinsed with pure
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Sub-indices (SI) were calculated to find the
WQI (Eq. 3). WQI was then calculated by summing
sub-indices (Eq. 4).
     

water and dried in an oven. Water samples were
taken about 15-20 cm below the water surface in the
opposite direction of the stream and were analyzed
as soon as possible after bringing in the iceboxes into
the laboratory by cold chain [12]. Water quality parameters of water temperature (WT), pH, dissolved
oxygen saturation (DOS), dissolved oxygen (DO),
electrical conductivity (EC), salinity, total dissolved
solids (TDS) were measured with YSI pro1030 and
Hach Lange HQ40D model multi-parameter instruments on site. Total alkalinity (TA), total hardness
(TA), total phosphate (TP), soluble reactive phosphorus (SRP), total ammonia nitrogen (TAN), biological oxygen demand (BOD5), chlorophyll-a were
analyzed according to standard procedures [13]. Silicium (Si), chlorine (Cl2), nitrite nitrogen (NO2-N),
nitrate nitrogen (NO3-N), sulfite (SO3-2), sulfate
(SO4-2), phenol were measured with Shimadzu UV1240 model Spectrophotometer by using Merck
brand kits.

'?-?5>?5/-7 -9-7D>5> The annual and seasonal
means of parameters, and their standard deviations,
minimum and maximum values were determined
with One-way variance of analyses (ANOVA) to see
whether there is a significant difference (p˂0.05).
Pearson Correlation Index (PCI) were used to determine the way and amount of relation between parameters. Cluster Analysis (CA) were used to determine
the similarity among stations / seasonal and principal
component analysis (PCA) were used to reduce data
set and to find new factors. CA were performed by
Past Statistical program and rest of the statistical
analyses were performed by using SPSS22 software.

+-?1=<@-75?D5901C+%The Water Quality Index (WQI) is defined as the grading technique
that provides the combined effect of each of the water quality parameters on the overall water quality for
human consumption. WQI is widely used to characterize the availability of water resources as drinking
water and its usefulness for domestic purposes [14].
The mean values of seven (7) parameters analyzed
according to the importance of water quality (pH,
TDS, TH, Chlorine, NO2-N, NO3-N, SO4-2) were included in the WQI calculation. The weight value
(AW) was assigned between 1 and 5 depending on
the water quality effects and the importance for human health for each parameter, and the relative
weight (RW) was calculated using the following formula (Eq. 1).

 

 
As a second step, the quality rating (Qi) was
calculated by dividing the measured parameters (Ci)
by drinking water values (Si) permitted by the World
Health Organization [15] and multiplying by 100 by
the result of the analysis (Eq.2).










 

This was evaluated according to WQI : WQI 025 excellent, 26-50 good, 51-75 poor, 76–100 very
poor and >100 unsuitable [16].
&') ('"')''#"'

In the present study, the water samples were
collected from three different stations on a monthly
basis, and the spatial and temporal physico-chemical
parameters were determined and results are shown in
Table 1 and Table 2. In addition, statistical differences between stations and seasons according to the
parameters (p˂0,05) are indicated by lettering. Evaluation of the water quality of the stream was performed according to WQI, WHO, and SWQR [17,
18].
Water temperature; affects the biotic and abiotic stream processes such as the amount of dissolved matter, organic and inorganic pollutants, nutrient and microbacterial concentrations as well as
fish and invertebrate behavior [19, 20]. The water
temperature in Çömlekçi Stream was between 3.6 °
C (December 1st Site) and 24.9 ° C (August 3rd Site)
with the average water temperature of 13.28 ° C. The
water temperature was parallel to the air temperature
and the winter average was the lowest (5,63 ° C) and
the summer average was the highest (20,61 ° C) seasons [21]. There was no statistically significant difference between the stations (p˂0.05) however, winter and summer were different from each other and
from other seasons (p<0.05) (Table 1, Table 2). Although there were seasonal variations in the water
temperature, there was no thermal pollution. According to SWQR [17] water temperature of all stations and months were in the I. and II. class water
quality.
Hydrogen ion concentration is one of the important chemical parameters in water. The pH of
Çömlekçi Stream was between 6,68-9,09 and it was
slightly alkaline with a value of 8,03 and according
to SWQR [18] it was in very good class water quality
[22]. Although there was no statistically significant
difference in the pH average of the stations (p<0.05),
the summer average pH (8.56) was different from the
winter and autumn averages (7.57-7.93) (p<0.05).
The increase in pH in parallel with the increase in
temperature might be related to the increase in the
activities of photosynthetic organisms [23]. A high
correlation between WT and pH (r = 0,832; p<0,01)
supports this statement (Table 3).
EC is the ability of the dissolved ions in the water to transmit the electric current. In the present
study, the mean value of EC was 139 µScm-1 and the
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lowest value was 45 µScm-1 in October measured at
first station and the maximum value was 350
µScm-1 recorded at third station in June. EC values
did not exceed the limit values for SWQR [18] in any
months and were of first class water quality (400
µScm-1). According to the seasonal averages, the
summer was the lowest season with 181 µScm-1 and
the spring was the lowest season with 103 µScm-1,
and there was a statistically significant difference between summer and spring (p<0.05) (Table 2). According to the results of Pearson correlation analysis,
the relationship between WT and EC was moderate
(r = 0.505; p <0.01). In the spring, the reason for low
EC could be caused by the melting snow waters and
increasing flow during this period [24].
Salinity is one of the most important parameters in water and affects the water EC. A relationship

between salinity and EC was found to be moderate
(r = 0.539; p ˂ 0.01). The average salinity in the
Çömlekçi Stream was 0.1 ppt and measured in the
range of 0.05-0.3. These values were below the
world surface water average salinity value of 0.12
ppt. The amount of salinity increased in summer and
autumn due to increased temperature and
evaporation.
In this study, TDS was in the range of 50-270
mgL-1 with an annual average of 103 mgL-1. These
values were well below the WHO value of 600
mgL-1, which was considered to be a good water. The
highest mean TDS (127 mgL-1) was recorded in summer. There was already a correlation between water
temperature and TDS (r = 0.505; p<0.01). The TDS
in surface water mostly consists of dissolved inorganic salts (Ca, Mg, K, Cl, SO4, HCO3) and small
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Parameters

St.1
St.2
St.3
12,04±6
12,66±6,63
15,13±6,95
WT (°C)
3,6-19,9
3,7-22,1
5,44-24,9
7,91±0,52
8±0,54
8,1±0,67
pH
7,04-8,6
7,1-8,8
6,68-9,06
119±42
128±45
169±81
EC (µScm-1)
45-183
49-195
65-350
0,094±0,01
0,092±0,01
0,118±0,06
Salinity (ppt)
0,07-0,1
0,06-0,1
0,05-0,3
91±20
95±21
123±54
-1
TDS (mgL )
50-119
56-127
71-270
10,75±2,84
11,19±2,41
12,21±1,75
DO (mgL-1)
7,34-17,57
8,17-16,38
10,12-16,2
96±15a
102±18ab
120±12b
DOS (%)
63-130
78-150
103-143
0,025±0,02
0,031±0,039
0,040±0,071
-1
SRP (mgL )
0,004-0,079
0,005-0,12
0,007-0,26
0,32±0,36
0,35±0,31
0,35±0,32
-1
TP (mgL )
0,03-1,18
0,02-0,99
0,02-1,04
2,83±2,16
2,74±2,65
3,02±2,83
-1
Chll_a (µgL )
0,28-8,35
0,31-9,46
0,56-10,2
0,38±0,31
0,51±0,43
0,43±0,42
TAN (mgL-1)
0,02-1,29
0,04-1,69
0,06-1,71
2,12±1,77
2,49±1,91
2,84±1,64
-1
BOD5 (mgL )
0,41-6,36
0,37-6,57
1,03-6,72
44±10a
50±10a
69±19b
-1
TA (mgL CaCO3)
25-60
35-65
40-94
67,5±15a
71±13a
105,75±40b
-1
TH (mgL CaCO3)
35-87
45-85
50-195
0,037±0,014
0,048±0,022
0,055±0,036
-1
Chlorine (mgL )
0,005-0,066
0,008-0,075
0,008-0,145
4,08±1,17
4,38±1,27
4±1,23
-1
Si (mgL )
1,74-5,66
1,83-6,4
1,74-6,74
0,039±0,02
0,055±0,03
0,044±0,04
Phenol (mgL-1)
0,006-0,086
0,011-0,118
0,011-0,158
0,01±0,004a
0,0134±0,005ab
0,019±0,007b
NO2-N (mgL-1)
0,001-0,017
0,002-0,02
0,003-0,027
0,53±0,36
0,61±0,38
0,66±0,45
-1
NO3-N (mgL )
0,04-0,99
0,05-1,1
0,03-1,15
1,10±1,48
1,36±1,76
1,32±1,97
-1
2SO4 (mgL )
0,1-4,24
0,1-5,01
0,1-5,67
1,86±0,17
1,94±0,15
2,09±0,23
2-1
SO3 (mgL )
1,5-2,1
1,68-2,23
1,7-2,43
Different superscripts within the same row show significant differences between stations (p ˂ 0.05)
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Total (N=36)
13,28±6,5
3,6-24,9
8,03±0,57
6,68-9,09
139±61
45-350
0,101±0,04
0,05-0,3
103±37
50-270
11,38±2,39
7,34-17,57
106±18
63-150
0,032±0,047
0,004-0,26
0,34±0,32
0,02-1,18
2,86±2,49
0,28-10,2
0,44±0,38
0,02-1,71
2,48±1,75
0,37-6,72
54±17
25-94
81,6±30
35-195
0,047±0,026
0,005-0,145
4,15±1,2
1,74-6,74
0,046±0,03
0,006-0,158
0,014±0,006
0,001-0,027
0,60±0,39
0,03-1,25
1,26±1,7
0,1-5,67
1,96±0,21
1,5-2,43
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WT (°C)
pH
EC (µScm-1)
Salinity (ppt)
TDS (mgL-1)
DO (mgL-1)
DOS (%)
SRP (mgL-1)
TP (mgL-1)
Chll_a (µgL-1)
TAN (mgL-1)
BOD5 (mgL-1)
TA (mgL-1 CaCO3)
TH (mgL-1 CaCO3)
Chlorine (mgL-1)
Si (mgL-1)
Phenol (mgL-1)
NO2-N (mgL-1)
NO3-N (mgL-1)
SO42- (mgL-1)
SO3 2-(mgL-1)

Winter
5,63±1,63a
3,6-9,1
7,54±0,5b
6,68-8,21
126±15,67ab
101-143
0,07±0,01
0,05-0,1
86±9
72-102
14,17±1,99a
12,48-17,57
115±17
98-150
0,017±0,01b
0,005-0,03
0,27±0,13b
0,04-0,49
1,5±0,68
0,8-3,03
0,215±0,16b
0,02-0,46
3,29±0,85ab
2,11-4,53
50,22±10,54
40-70
79±22
60-121
0,051±0,04
0,017-0,146
5,12±0,88b
4,11-6,74
0,032±0,026
0,01-0,09
0,008±0,005a
0,001-0,016
0,64±0,33
0,12-1
1,33±0,86b
0,78-3,41
1,73±0,13
1,5-2

Spring
11,46±3,53b
8,4-16,5
8,08±0,28ab
7,72-8,44
103±44,57a
54-178
0,1±0
0,1-0,1
85±29
50,133,5
11,30±0,98b
9,77-12,5
102±5
96-112
0,014±0,005b
0,007-0,024
0,064±0,05b
0,02-0,16
2,69±2,79
0,28-9,46
0,516±0,17ab
0,38-0,97
1,66±0,77b
0,37-2,84
45,22±17,29
25-82
62±21
35-100
0,044±0,01
0,036-0,069
2,56±0,59a
1,74-3,25
0,043±0,029
0,01-0,09
0,013±0,002ab
0,009-0,018
0,88±0,15
0,65-1,19
0,15±0,07b
0,1-0,3
1,90±0,07
1,8-2,02

Summer
20,61±2,15c
17,9-24,90
8,56±0,29a
8,22-9,06
181±68,6b
125-350
0,11±0,03
0,1-0,1
127±54
90-270
9,28±1,15b
7,63-11
104±16
83-126
0,083±0,077a
0,012-0,263
0,666±0,39a
0,16-1,18
4,45±3,33
1,1-10,2
0,27±0,03b
0,23-0,33
1,32±0,75b
0,46-2,84
63±17,59
40-90
89±40
60-195
0,055±0,018
0,031-0,079
4,41±0,5b
3,77-5,37
0,07±0,051
0,01-0,16
0,018±0,004b
0,013-0,027
0,82±0,28
0,4-1,25
0,61±0,53b
0,2-1,5
2,09±0,14
1,9-2,36

Autum
15,41±5,51b
9,8-24,2
7,93±0,68b
7,1-9
146±78,17ab
45-272
0,12±0,06
0,09-0,3
114±27
87-176
10,79±2,17b
7,34-13,71
102±26
63-143
0,01±0,005b
0,004-0,021
0,365±0,27ab
0,03-0,75
2,82±1,69
0,31-5,27
0,768±0,61a
0,26-1,71
3,66±2,64a
0,41-6,72
60,6±18,16
40-94
95±25
35-195
0,032±0,026
0,005-0,076
4,52±0,92b
3,12-5,66
0,03±0,035
0,01-0,12
0,014±0,005b
0,008-0,022
0,10±0,06
0,4-0,22
3,33±2,32a
0,28-5,67
2,09±14
1,99-2,43

Different superscripts within the same row show significant differences between stations (p ˂ 0.05)

amounts of dissolved organic substances. Moreover,
the mineral solubility of the geological structure had
an effect on TDS level in water [15]. A very high (r
= 0,907; p<0,01) relationship between TDS and EC
supports this situation.
DO is often a key water quality component of
monitoring and analysis studies. A low DO level reduces the development and growth of fish and causes
their death. Moreover, it makes water unsuitable for
consumption by causing eutrophication [25]. DO
values were calculated as mean, min and max, as follow; 11.38-7.34-17.57 mgL-1, respectively and DOS
(%), mean, min and max. as 102-63-143 %, respectively. Both DO and DOS average results were in the
first class water quality according to SWQR [18].
TP is one of the most important water quality
parameters affecting the efficiency of natural water
resources [26]. SRP has a moderate correlation between TP and SRP which is soluble in water and soluble in aquatic plants (r = 0.653; p < 0.01). At the

same time, PCA is the fifth factor together. Annual
average of TP, min. and max. the values are 0,340,02-1,18 mgL-1, respectively. The highest TP value
was seasonally recorded in summer (0,666 mgL-1).
SRP values were found to be 0.032-0.004-0.26
mgL-1, mean, min and max, respectively, and the
highest peak TP was in summer (0.083 mgL-1). It
might be due to the fertilizers used in the agriculture
of hazelnuts during summer. According to the results
of one-way analysis of variance (ANOVA) for both
TP and SRP, there was a statistically significant difference between the summer season and spring and
winter season (p<0.05). According to SWQR [18],
the water quality of Çömlekçi Stream for TP level
was classified as III. class (middle) water quality.
Total ammonia nitrogen (TAN) is composed of
un-ionized ammonia (NH3) and ammonium nitrogen
(NH4 +) ions [27]. The average min. and max TAN
values are 0,44-0,02-1,71 mg L-1, respectively. The
average min. and max values of BOD5 are 2,48-0,37-
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6,72 mg L-1. The highest seasonal mean was 3.66 mg
L-1 in autumn and there was a statistically significant
difference between autumn, spring and summer
(ANOVA) (Table 2).
Chlorophyll-a is found in all plants that make
photosynthesis. Therefore, the amount of algae suspended in the surface water is mostly calculated by
using the concentration of chlorophyll-a [23]. Chlorophyll-a levels of the Çömlekçi stream were in the
range of 0,28-10,2 μgL-1 and the annual average of
the stations was 2,86 μgL-1. Summer had the highest
concentration of chlorophyll-a with 4.54 μgL-1.
USEPA [22] reported that streams of chlorophyll-a
level in excess of 30 μgL-1 were as eutrophic. The
data in this study were below this value in all stations
and all seasons.
Alkalinity is known as the ability of water to
neutralize the acid. The majority of TA in natural
waters occurs from carbonate and bicarbonate ions.
The high correlation between TA and EC (r = 0.735;
p< 0.01) supports this statement. TA concentrations
for natural waters may range from 0 mgL-1 to 500
mgL-1 [29]. In this study, TA’s mean, min, max values were 54-25-94 mgL-1 CaCO3, respectively. According to these results, we can say that the river is
moderately alkaline (50-150 mgL-1) [29]. The summer season was recorded as the highest TA (63
mgL-1 CaCO3). There was a moderate correlation
between TA and WT (r = 0.574; p<0.01). Although
TA fluctuated throughout the year, there was no statistically significant difference between stations and
seasons (ANOVA) (p<0.05).
The hardness of the water is mainly composed
of Ca and Mg ions and some other minor ions.
Therefore, there was a moderate correlation between
TH and TDS (r = 794; p<0.01), and a moderate correlation between EC and TA. In addition, TDS, EC,
Salinity, TH, TA parameters constitute in the same
factor in PCA analysis. These components are linked
(Table 4). In this study, the mean TH was 81.6
mgL-1 CaCO3, min. value (35 mgL-1 CaCO3) at the I.
station in April with the max. value (195 mgL-1
CaCO3) at the III. station in June. According to Boyd
[23], the average TH value of the Çömlekçi Stream
is moderately hard (50-150 mg / L). The stations (I.,
II., III.) TH values were 67,5-71-105,75 mgL-1
CaCO3, respectively. There was a statistically significant difference between the third station and others
(ANOVA) (p<0.05).
The taste threshold for chlorine is below the
health-based guideline value of 5 mgL-1 [10]. In this
study, the mean, min. and max. values of chlorine
were recorded as 0.047-0.005-0.145 mgL-1, respectively. Although these values are well below the
WHO standards, the stream had III. grade (˂ 50
μgL-1) water quality according to SWQR [18].
Silicium is found in natural waters at the ranges
between 1-30 mgL-1 [30]. There was no significant
difference in silicium level in Çömlekçi stream compared to stations and seasons. The mean value was

4.15 mg L-1, with the min. (1.74 mgL-1) value at the
I. station in May, and the max (6.74 mgL-1) value at
the III. station in December. Although silicium concentration was low (2,56 mgL-1) in spring when the
amount of diatom was higher, it was max (5,12
mgL-1) in winter when the photosynthesis activity
was low [31, 32].
Phenol, both sourced as natural and anthropogenic, is an important environmental pollutant and
also a toxic substance. Phenol level is generally less
than 0.02 mgL-1 in non-contaminated natural waters,
however, toxic effects can be observed in fish habituated in water containing phenol concentration of
0.06-0.4 mgL-1 [33]. In this study, the determined
min and max values of phenol were 0,006 and 0,158
mgL-1, respectively and the average phenol value
was 0,046 mgL-1, which was in safe level for aquatic
life.
Nitrite-nitrogen (NO2-N) values were 0,010,0134-0,019 mgL-1, for the first, the second and the
third station, respectively. The highest seasonal
value (0.018 mgL-1) was found in the summer and
the lowest value (0.008 mgL-1) was measured in winter. One-way analysis of variance (ANONA) revealed a significant difference between the stations
and seasons (Table1, Table 2). In addition, there
were moderate and high levels of correlations between NO2-N, WT, pH, and TA (Table 3). WHO reported the limit values for nitrite nitrogen (NO2-N)
and nitrate nitrogen (NO3-N) as 0.9 and 11 mgL-1,
respectively. The Çömlekçi stream, with the mean
NO2-N value of 0,014 mgL-1 and NO3-N value of 0,6
mgL-1, is at very good values according to WHO
standards [15].
The sulfide value measured in this study was
sodium sulfide (Na2SO3) and it was found to be as
1.96 mgL-1. Sulfate values (SO4-2) vary between 5100 mg L-1 in natural waters and in the present study
the average value of sulfate was 1.26 mgL-1 which is
below the normal ranges in natural water. Sulfur in
organic matter is mostly found in the structure of
protein. In aerobic conditions, sulfur is oxidized to
sulfate and does not turn into the harmful form of
hydrogen sulfide [32]. WHO has determined the sulfate limit for drinking and potable water as 250
mgL-1. Sulfite level above 10 mgL-1 is a danger to
aquatic life. Both sulfate and sulfide did not emerge
at levels that would present a hazard during the present research.
Factor analysis is one of the multivariate statistical techniques used in recent years for evaluating
surface water quality, making a large number of interrelated variables to a small number of meaningful
and independent factors [34-41]. The Kaiser-MeyerOlkin (KMO) test, which gives a criterion for the degree of the relationship between the parameters, and
use to check the suitability of the data for factor analysis, was determined as 0.544 (sufficient) in this
study. KMO values are interpreted as follow; if the
KMO value in the test is less than 0.5 is not
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positive loadings (> 0.70). The third factor (F3) explains 14,15% of the total variance. In this factor,
NO3-N, SO4-2, BOD is positively charged and named
as “agricultural drainage factor”. The fourth factor
(F4) forms Cl2, Si, Phenol, and TAN. Cl2 had a
strong positive charge, Si and phenol had moderate
positive, and TAN had a moderate negative charge
and represents “ionic factor”. The fifth factor (F5) is
called “phosphate factor” because it consist of TP
and SRP.
Based on these factors, we may assume that the
geological structure of the basin, the climatic factors
such as temperature and precipitation, the fertilizers
used in agricultural and agricultural activities and the
household discharges have contributions to the
Çömlekçi Stream’s pollution load.

acceptable, 0.5-0.7 is sufficient, 0.7 and above is
considered as good. [42]. In addition, Liu et al. [42]
classified the factor loadings as strong (<0.75), moderate (0.75-0.50) and weak (0.50-0.30). In rotated
PCA, there were 5 factors with eigenvalues greater
than 1, explaining the 76.68% of the total variance
(Table 4). TDS, EC, Salinity, TH and TA have a
strong positive charge in the first factor (F1) which
constitutes the 21.43% of the total variance. These
parameters are called as “lithogenic factor”, because
they are related to rock and soil structure of stream
basin. The second factor (F2) accounts for 19.77%
of the total variance and mainly consisted the WT,
pH, NO2-N, DO, SO3, and chll-a. In this factor, DO
has a negative load [34]. This factor is named as “climatically factor” because WT and pH had strong
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WT
pH
EC
TDS
Salinity
DO
DOS
SRP
TP
Chll_a
TAN
BOD5
TA
TH
Cl2
Si
Phenol
SO3
NO2-N
NO3-N
SO4

WT
1
,832**
,505**
,533**
,347*
-0,171
0,12
,349*
0,232
,488**
-0,055
-,474**
,574**
,368*
0,135
-0,155
-0,069
,774**
,689**
0,008
-0,116
BO5

pH

EC

TDS

Salinity DO

1
0,302
0,293
0,134
-,342*
0,03
0,245
-0,049
,430**
-,332*
-,589**
,454**
0,197
0,112
-0,299
-0,024
,488**
,768**
0,129
-,443**
TA

1
,907**
,539**
-0,06
0,073
,488**
0,199
0,177
0,223
-0,28
,735**
,648**
0,14
0,036
-0,04
,356*
,450**
0,135
0,077
TH

1
,644**
0,082
0,259
,605**
,322
0,157
0,218
-0,079
,711**
,794**
0,064
-0,015
-0,012
,451**
,402*
0,068
0,243
Cl2

1
-0,027
0,074
0,323
0,13
-0,056
,506**
0,061
,467**
,464**
-0,174
-0,268
0,129
0,319
0,301
-0,143
,367*
Si

DOS

SRP

TP

1
,676**
1
-0,236
0,144
1
0,15
0,307
,653**
1
-0,007
0,192
-0,07
0,091
0,12
-0,04
-0,19
-0,03
,754**
,474**
-0,18
0,255
0,243
,424**
0,175
0,083
,338*
,404*
,437**
,335*
-0,156
-0,06
0,178
-0,08
,403*
0,094
0,149
,389*
**
-0,328
0,034
,434
0,212
0,206
,428**
0,21
0,223
-0,163
0,199
0,195
0,012
-,530** -0,05
,443**
0,173
,680**
,357*
-0,11
,335*
Phenol
SO3
NO2-N

WT
pH
EC
TDS
Salinity
DO
DOS
SRP
TP
Chll_a
TAN
1
BOD5
TA
-0,044
1
TH
0,216
,633**
1
-0,295
0,116
-0,099
1
Cl2
Si
0,282
0,028
0,053
,343*
1
Phenol
-0,035
-0,25
-0,183
-0,022
-0,078
1
SO3
-0,075
,503**
,425**
0,216
-0,066
-0,06
1
-0,326
,668**
,340*
-0,016
-0,294
0,054
,513**
NO2-N
-,367*
-0,07
-0,092
0,249
-0,225
,467**
-0,213
NO3-N
**
*
**
SO4
,743
0,12
,403
-,504
0,181
-0,16
0,189
*. Correlation is significant at the 0.05 level **. Correlation is significant at the 0.01 level
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1
0,106
-0,19

Chll_a

TAN

1
-0,106
-0,266
0,303
0,121
0,041
-0,138
-0,324
0,315
,342*
0,05
-0,058
NO3-N

1
0,229
0,054
0,103
-,394*
-0,293
-0,036
0,194
-0,016
-,343*
,641**
SO4

1
-,565**

1
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TDS
EC
Salinity
TH
TA
WT
pH
NO2_N
DO
SO3
Chll_a
NO3_N
SO4
BOD
Cl
Si
Phenol
TAN
TP
SRP
Eigen values
Variability (%)
Cumulative %

F1
 
 
 

 
0,374
0,183
0,414
0,014
0,368
-0,045
0,033
0,263
0,009
0,039
-0,086
0,118
0,346
0,168
0,497
5,96
21,43
21,43

F2
0,188
0,195
0,012
0,153
0,442

 

  


-0,117
-0,190
-0,449
0,075
-0,152
-0,203
-0,180
0,070
0,026
3,65
19,77
41,20

F3
-0,037
-0,147
0,097
0,229
0,141
-0,115
-0,345
-0,158
0,184
0,256
0,028
  
 
 
-0,294
0,337
0,050
0,411
0,077
-0,438
2,50
14,15
55,35

F4
-0,018
0,060
-0,350
0,056
0,222
-0,034
0,068
-0,034
0,479
0,016
-0,008
-0,018
-0,356
-0,023
 
 
 
  
-0,080
0,068
1,68
11,15
66,50

F5
0,221
0,082
-0,072
0,254
-0,092
0,123
-0,119
-0,165
-0,094
0,123
0,052
0,250
0,240
0,235
0,021
0,503
-0,255
-0,213
 
 
1,55
10,17
76,68



Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
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determined that the first two stations of the stream
were collected in a cluster and the third station was
different from them as expected. Because the third
station is the discharge point to the sea, and it carries
all the pollution load of the stream’s basin. Cluster
analysis and factor analysis results were found to be
highly compatible and confirmed each other [43].

In the present study, cluster analysis (CA) technique was used to determine the similarities of seasons, stations and water quality parameters according to water quality parameters (Figure 2). The winter and spring together, summer and autumn together
were similar seasons and cumulated in the same cluster. On the station basis, two different clusters were
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6,5-8,5 (7,5)
600
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5
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0,12500

WQI




#/? ":A 1/ -9 1. !-= ;= !-D @9 @7 @3 '1;
)& 
(41B-?1=<@-75?D5901C2=:8?4101>539-?108:9?47D+%
water quality in Çömlekçi Stream. WQI was also
used to assess the water quality of Çömlekçi Stream.
Monthly WQI values were calculated in the range of
33,52-43,3 and it was found to be as good water class
in terms of drinking water. In the light of all these
data, it was concluded that the water quality of Çömlekçi Stream is suitable to use for drinking water, in
agricultural and animal activities as well as aquatic
life. Since, the present study is the first study in this
stream, it is important for it to be a reference for subsequent studies. It is recommended that the Çömlekçi Stream to be examined by water quality parameters continuously.


&&"'

WQI was used to evaluate the water quality of
Çömlekçi stream. The standard values of pH, TDS,
TH, Chlorine, NO2-N, NO3-N, SO4-2 parameters
were taken into consideration in calculating the
WQI, (Table 5). Annual mean of WOI was 38,46
with the min. value of 33.52 calculated in December,
and the max. value of 43.3 calculated in June (Fig 3).
According to these results, Çömlekçi Stream might
be included in the good water class in terms of drinking water quality in all months and stations [16].
#" )'#"
Multi statistical methods were used in this
study which evaluated the temporal and spatial
changes in the water quality of Çömlekçi Stream,
Giresun, Turkey. In the cluster analysis, it was found
that winter, spring, summer and autumn were similar
to each other on a seasonal basis, and that the first
two stations of the stream were composed in a cluster
and the third station was different from them. In
PCA, 5 factors with eigenvalues greater than 1 and
76.68% of the total variance and it has been concluded that lithological, climatic, agricultural activities, runoff and domestic wastes mostly have main
impact on Çömlekçi Stream’s water quality. Physico-chemical parameter values did not exceed WHO
recommended limit values for drinking water. According to SWQR, TP and chlorine were found in the
third (III.) class water quality and all the rest of the
parameter values were found in the first (I.) class
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cost of transportation and disposal resulted from the
decreased sludge volume [7-9].
Generally, the water distribution in sludge
could be divided into three parts, including free
water (or interval water), capillary bound water and
bound water [10]. The free water is loosely bound
to the surface of sludge flocs, so it could be easily
removed by mechanical dewatering. While the
bound water is quite difficult to remove as it is integrated with sludge flocs by chemical bonds or
intermolecular forces. As such, conditioning pretreatment is usually necessary prior to mechanical
dewatering in order to transform bound water into
free water, so that sludge dewaterability could be
improved [8].
By now, many methods have been explored to
improve the sludge dewaterability, including surfactant [11], Fenton [12-13], ultrasonication [1],
alkaline pretreatment [14], microwave processing
[15], bioleaching [16] and electrochemical pretreatment [6, 11]. The traditional chemical conditioners cannot destroy the sludge EPS structure and
release the bound water into free water, failing to
achieve high dewaterability. Simultaneously, high
compressibility of sludge cake resulted from chemical conditioners addition hindered the further
sludge dewatering as the sludge cake became more
and more compact during the filtration process [17].
Taking the high efficiency in enhancing sludge dewaterability as well as its environmental friendly
property into account, bioleaching is considered as
an efficient way to improve the sludge dewaterability because of its potential to lower sludge pH, solubilize the sludge [18]. It could decrease the sludge
extracellular polymeric substance (EPS) concentration or bound water content and changed the microbial structure of sludge [19]. During the bioleaching process, acidophilic sulfur- and
iron-oxidizing bacteria were reported to improve
the sludge dewaterability significantly by Liu et al.
[20] and Song et al. [21], such as Acidithiobacillus
thiooxidans and Acidothiobacillus ferrooxidans
[22]. In previous studies, many acidophilic microorganisms were introduced to improve sludge dewaterability and promising results were obtained
[23-25]. However, the acidophilic microorganisms

ABSTRACT
The effects of conditioning in situ bioaugmentation with S0/Fe2+ on sludge dewaterability as
well as its mechanism were investigated in this
study. The capillary suction time (CST), solid content (SC) of the dewatered sludge cake were applied
to evaluate the dewatering performance of sludge.
The results revealed that biological conditioning
with S0/Fe2+ effectively improved sludge dewaterability due to the decrease of pH. High CST reduction (50.9 %) and SC increase (62.4 %) were obtained at the optimal ratio of S0/Fe2+ 3: 7 resulted in
the reduction of pH (to 2.74) after 6 days’ treatment.
High throughput sequencing indicated that Acidocella,
Nitrospira,
Alicyclobacillus,
and
Rhodanobacter are the predominant bacteria genera
in the treatment groups which played a critical part
in the biological conditioning process. Kyoto Encyclopedia of Genes was used to predict the metabolic
pathways for 16S rRNA marker gene sequences,
and carbohydrate, amino acid and energy metabolism were important in the biological conditioning.

KEYWORDS:
Sludge, Dewaterability, In situ bioaugmentation, Acidophile, S0/Fe2+, Microbial community analysis

INTRODUCTION
Large amount of waste activated sludge (WAS)
as byproduct generated during the biological treatment for wastewater are produced due to the increasing population and urbanization [1-2]. The
cost of the WAS treatment and disposal in conventional wastewater treatment plants (WWTPs) usually accounts for about 50% of the total operating
expenses [3-4]. Sludge dewatering is a commonly
used technologies for WAS volume reduction before its final disposal. However, efficient dewatering still remains as a bottleneck due to its high water content, colloidal characteristics and high hydrophilicity [5-6]. Therefore, high-performance
dewatering method is eagerly required to reduce the
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lar intervals and analyzed to measure the dewaterability of sludge by the biological conditioning
process.

introduced into the sludge conditioning process
may not be planted steadily due to the repellency by
the indigenous microorganisms.
According to the above-mentioned, the energy
substrate such as sulfur and iron are used in this
study to induce the growth of acidophilic microorganisms among the indigenous microorganism
leading to the decrease of pH. Generally, pH decrease due to the oxidation process of S0 and Fe2+
(Eqs. (1) and (2)).

Microbial community structure and shift
analysis. To measure the changes of microbial
community during the biological conditioning process, high throughput 16S rRNA gene sequencing
method was applied in this experiment. Total DNA
was extracted and purified from sludge by using a
DNA extraction Kit (Felix bio-tech, USA). Polymerase chain reaction (PCR) was used to amplify
the aimed fragment based on the template of the
extracted DNA with a pair of universal primers 8F
(5’-AGAGTTTGATCCTGGCTCAG-3’) and 533R
(5’-TTACCGCGGCTGCTGGCAC-3’) for V1–V3
regions of bacterial 16S rRNA gene (~455bp) [26].
The PCR reaction conditions were carried out as
follows: predenaturation at 94 oC for 5 min, 30 cycles of 94 oC degeneration for 1 min, 54 oC anneal
for 45 s, and 72 oC extend for 45 s, and a final
elongation cycle at 72 oC for 10 min. Pyrosequencing of the PCR products was conducted by the
Roche Illumina Miseq sequencer (Roche Life Sciences, USA). After that, the effective sequences
were classified into operational taxonomic units
(OTUs) by the MOTHUR program (http:
//www.mothur.org/wiki/Main_Page) with the similarity at 97% and then compared by using NCBI
taxonomy tool based on the green genes 16S rRNA
database, and the species distribution diagram was
also applied. Principal component analysis (PCA)
was used to present the major parameters and
structure of the data. Moreover, in order to determine the functional profiles and differences in different treatments, the metabolic potential of microbial communities and compositions of functional
genes were predicted resulting from assigning 16S
rRNA marker gene sequences to functional annotation of sequenced metagenomic sequences based on
KEGG using the phylogenetic investigation of
communities by reconstruction of unobserved states
(PICRUSt) which was reported by Langille et al.
[27].

O
(1)
(2)
The aim of this study is to investigate the effects of biological conditioning with the addition of
sulfur and ferrous ion on the enhancement of sludge
dewaterability. CST and SC of dewatered sludge
cake were measured to define the optimal ratio of
S0/Fe2+ for enhancing the sludge dewaterability.
Compositions of EPS as well as the microbial
communities were analyzed to reveal the mechanism behind the changes observed during the biological conditioning of sludge. These findings will
provide better understanding of the mechanism of
the biological conditioning method for improving
the dewatering performance of sludge.

MATERIALS AND METHODS
Sludge and apparatus. The sludge used in
this study was collected from a secondary clarifier
of a wastewater treatment plant in Shanghai, China.
Samples were then kept at 4 ̊C in the laboratory
prior to the experiments for further use. All the experiments were carried out with the same batch of
sludge which characteristics were shown in Table 1.
TABLE 1
The characteristics of sludge used in this study
Characteristics
pH
TS (g/L)
TCOD (mg/L)
SCOD (mg/L)
CST(s)
Zeta potential (mV)

Sludge
7.15±0.08
25±0.1
21903.23±50.83
740.73±14.29
38.4±1.2
-17.58±0.35

Analytical methods. Total solids (TS), the
solid content of the sludge cake, soluble chemical
oxidation demand (SCOD) of sludge were measured by the standard methods [28]. The pH was
determined by a pH-meter (pHs-3C, China). The
measurement of zeta potential was carried out with
a Malvern Mastersizer 2000 zeta sizer (UK). CST
was measured with a CST instrument (model 304B,
Triton, UK).
EPS was extracted using a heat extraction
method described by Morgan et al. [29]. 30 mL
sludge was centrifuged at 4000g for 5 min first.
Afterward, the pellet in the centrifuge tube was
resuspended with 0.9% NaCl solution to its original
volume, and then placed in a water bath at temper-

Experimental procedures. Batch experiments were conducted in 2 L glass reactors. 10 %
DS (dried sludge) mixture substrate of elemental
sulfur and ammonium ferrous sulfate at a ratio of 1:
9, 3: 7, 1: 1, 7: 3 and 9: 1 (S0 and Fe2+, w/w) was
added separately to each reactor with 1.5 L sludge,
respectively, and the reactor without substrate addition was set as control. The reactors were then kept
at 30 °C with an aeration rate of 600 mL/min.
Sludge were sampled from each treatment at regu-

185

© by PSP

Volume 29 – No. 01/2020 pages 184-196

Fresenius Environmental Bulletin

ature of 80 oC for 30 min after shaken by a vortex
mixer for 1 min. The supernatant was considered as
LB-EPS after centrifugation at 4000g for 10 min.
After that, the pellet in the centrifuge tube was resuspended in 0.9% NaCl solution again. Then the
suspension was heated to 80oC in a water bath for
30 min. The supernatant resulted from centrifugation at 4000 × g for 15 min was regarded as the
TB-EPS of the sludge. The EPS contents including
LB-EPS, TB-EPS and the EPS of the sludge supernatant were measured for proteins and polysaccharides. Protein was determined by the Coomassie
Brilliant Blue G-250 method with the BSA as the
standard [30]. Polysaccharide was estimated with
sulfuric acid-anthrone colorimetric method, using
glucose as the standard [31].
Microstructural characteristics of the sludge
before and after conditioning were analyzed by a
SEM–EDX (Nova NanoSEM 450, FEI, Netherlands) operated at 20 kV of acceleration voltage
with samples coated with Au.

the SCOD concentration of the sludge with a ratio
of 3: 7 (S0/Fe2+) treatment rose at the highest value
of all (1169.95 mg/L). While the SCOD concentration of the sludge with a ratio of 1: 9 (S0/Fe2+)
treatment rose at the highest value of all (1869.15
mg/L) after treating for 2 days. However, the
SCOD concentrations in the control decreased
along with the time. These results indicated that
more organic matters released into the liquid phase
in the treatment group compared with the control.
Variations of pH and Zeta potential. The pH
variations over time with the addition of S0 /Fe2+
treatment was shown in Fig. 2(a). During the biological conditioning process, the pH of sludge suspensions decreased sharply within the first day by
biological conditioning, and then it kept gradually
decrease until the final stage of the experiment. The
pH decreased with the addition of Fe2+, dropping
from 6.54 (initial value) to 4.65, 4.33, 5.02, 5.19,
respectively, with ratios of S0/Fe2+ at 1: 9, 3: 7, 1: 1,
7: 3. The reduced pH could be contributed to the
release of H+ from the hydrolysis of Fe2+ resulting
from the consumption of OH-. When the concentration of Fe2+ increased, the pH decreased due to the
hydrolysis of ferrous iron. Ferrous ions form ferrous hydroxide and release protons by hydrolysis,
adsorption and precipitation reaction [33]. Ferrous
hydroxide which was adsorbed on the surface of
sludge could lead to the charge neutralization of
sludge flocs [34]. These results indicated that, in
this study, the enhancement of the sludge dewaterability could be resulted from the acidification of the
sludge. The optimum ratio of S0/Fe2+ for enhancing
dewaterability was 3: 7 after 2 days’ biological
conditioning (Fig. 2 (a)).

RESULTS AND DISCUSSION
Effects on the solubilization. As is known to
all, a large amount of organic matters release will
lead to the increase of the SCOD which was resulted from the destruction of EPS or cell membrane
[32]. Hence, the water could release from the
sludge floc leading to the improvement of sludge
dewaterability. Fig. 1 showed the changes in COD
solubilization under different ratios of S0 /Fe2+
treatment. Overall, the SCOD concentrations rose
with the ratio of S0/Fe2+ higher than 1: 1 while
those decreased when the ratio lower than 1: 1 as
well as the control one. After treating for one day,

The concentration of SCOD (mg/L)
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FIGURE 1
Changes of SCOD at different ratios of S0/Fe2+
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FIGURE 2
Variations of pH (a) and Zeta potential (b) at different ratios of S 0/Fe2+
conditioning (Fig. 2 (a)), the zeta potential got close
to the zero point of charge (0 mV) with different
ratios of S0/Fe2+. Since the ionization of functional
groups, such as the carboxyl and amino in the protein makes the sludge negatively charged [35], the
surface charge would be affected by pH greatly.
The biological conditioning leading to the acidification of sludge generated protonation of negatively
charged functional groups resulting in the decrease
of zeta potential [9]. During the biological conditioning process, the pH was under 3.5 when treatment more than 3 days (Fig. 2(a)). Liao et al. [36]
found that the pH between 2.6 and 3.6 might make
the zeta potential of sludge reach nearly zero point.
In this study, the zeta potential was nearly -3 mV,
lower than that reported by Liao [36].

Zeta potential is an important factor which affects the stability of the sludge particles. As was
shown in Fig. 2(b), zeta potential was influenced by
the different ratios of S0/Fe2+ after treating for 6
days significantly. The raw sludge was negatively
charged with zeta potential value of -15.94 mV.
Along with the increase proportion of Fe2+ in the
biological conditioning substrate, the zeta potential
increased significantly. When the ratio of S0/Fe2+
decreased to 3: 7 or 1: 9, the biological conditioning
changed the zeta potential significantly, which increased to about -3 mV. This reduction maybe due
to the release of biopolymers such as protein and
polysaccharide which were shown in Fig. 4. In addition, protein is known as negatively charged
polymers at neutral pH [35]. With the acidification
treatment which was resulted from the biological
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during the bioleaching process [20]. In addition, the
CST of the treatment without the addition of the
S0/Fe2+ presented a different trend as that of the
other treatments, in which the CST decreased to
35.5 s on the first day sharply and then decreased to
23.5 s slowly over the time. These results indicated
that biological conditioning could drastically improve the dewaterability after treatment for one day.
The WAS dewaterability represented by SC
increased in all biological treatments compared
with the control one (Fig. 3(b)). When the ratio of
S0/Fe2+ was more than 1: 1, there were no significant differences between the treatments according
to the SC with the values between 9%-10%
(p>0.05). While the ratio of S0/Fe2+ was less than 1:
1, the SC were 13.89 % and 15.07 %, respectively,
and the treatment with S0/Fe2+ 3: 7 had the highest
SC value among the six treatments (15.07%). These
observations indicated that the biological conditioning with the S0/Fe2+ ratio of 3: 7 or 1: 9 could
decrease the pH values (Fig. 2(a)) drastically and
significantly disintegrated components in sludge.
As a result, the solid content of dewatered sludge
cake was increased.

Effects on sludge dewaterability. The dewaterability of WAS treated by biological process
was evaluated in the form of CST and solid content
of dewatered sludge cake (SC) (Fig. 3). CST is a
widely used parameter to evaluate the dewaterability of sludge [1]. The CST measures the filtrating
rate through the time of the free water to pass between two electrodes with a special filter paper as
the medium [34]. Longer CST value indicates poor
sludge dewaterability. In the present experiments
shown in Fig. 3(a), it could be found that in the
treatments with the addition of S0/ Fe2+ as the substance the CST drastically decreased, especially the
one in the treatment with S0/ Fe2+ at a ratio of 3: 7
decreased from 52.5 s to 13.7-28.5s after treating
for one day, which indicated that the dewaterability
of sludge was enhanced with the biological conditioning significantly. Subsequently, the CST increased to high values after 3 days’ treatment,
which are still lower than that of the original value.
As a result, for effective sludge dewaterability, the
ratio of 3: 7 (S0: Fe2+, w/w) was determined to be
optimum ratio (Fig. 3(a)). These findings are not in
keep with previous studies which showed a tendency of improved firstly and then deteriorated

(a)
1:9
3:7
1:1
7:3
9:1
control

50

CST (s)

40

30

20

10
0

1

2

3

4

5

6

Time (d)

(b)

18

Solid content of sludge cake (%)

16
14
12
10
8
6
4
2
0
1:9

3:7

1:1

7:3

9:1

control

Different percentage of S0/FeSO4

FIGURE 3
Variations of CST (a) and solid content of cake (b) at different ratios of S 0/Fe2+
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FIGURE 5
Microbial community compositions at genus level.
The relative abundance was defined as the percentage of the specific genus in the total taxon tags of each sample. Only the
top 20 of the most abundant genus are shown, and the rest are indicated with ‘others’. (6d-1: Control; 6d-2: 1: 9; 6d-3: 3: 7;
6d-4: 1: 1; 6d-5: 7: 3; 6d-6: 9: 1.)

other treatments all increased sharply after two
days’ treatment, especially those in the treatments
with ratios of S0/Fe2+ 1: 9 and 3: 7 except for that in
the controls. However, there were no obvious increase over time. This variation trend was very similar with that of CST and pH (Fig. 2(a) and
Fig. 3(a)).
The variations of TB–EPS was shown in Fig.
4(b). The protein decreased significantly along with
the decrease of S0/Fe2+. In the treatments of S0/Fe2+
1: 9 and 3: 7, the concentrations of polysaccharide
decreased from 57 mg/L to 6 mg/L and 2 mg/L,
respectively, after treating for one day. While in
other treatments, the concentrations of polysaccharide decreased gradually to 10 mg/L and 15 mg/L,
respectively, when the ratio of S0/Fe2+ was 7: 3 or 9:
1. It suggested that the proteins in TB–EPS decreased were not changed into the LB–EPS, which
was not agreed with that reported by other researchers, since the concentration of protein in
LB-EPS also decreased. Furthermore, Fig. 4(b)
showed that the polysaccharides in TB-EPS decreased obviously after biological conditioning. It
was inferred that the polysaccharides in TB–EPS
were changed into the LB-EPS. The polysaccharides in TB–EPS decreased sharply after treating
for one day when the ratio of S0/Fe2+ was 1: 9 or 3:
7. While in other treatments, the concentrations of
polysaccharide decreased gradually. In general,
biological conditioning led to less proteins in both
LB–EPS and TB-EPS and more polysaccharides in
the LB-EPS, less polysaccharide in the TB-EPS.
As was shown in Fig. 4(c), the further separation of EPS into LB-EPS and TB- EPS illuminated
that the reduction of the total EPS content treated
by biological conditioning was mainly caused by

Effects on the compositions of EPS. It has
been proved that EPS and its compositions are the
key factors affecting the sludge dewaterability [37].
EPS in sludge contains a lot of functional groups,
such as carboxyl and hydroxyl, which could increase the repulsion between flocs and absorb
bound water [7, 38]. As a result, too much EPS in
sludge may deteriorate the sludge dewaterability
[37, 39]. It is because that there is tight relationship
between the integrity, colloidal stability as well as
its water binding capacity and the sludge EPS.
Hence, sufficient destruction of EPS or cell envelope will lead to a good sludge dewaterability [32].
Furthermore, EPS includes three different forms
such as slime EPS, loosely bound EPS (LB-EPS)
and tightly bound EPS (TB-EPS) [15]. Proteins and
polysaccharides were the principal components of
the EPS in sludge which entrap the water leading to
high viscosity that weaken the sludge
dewaterability.
To investigate the effects of different ratios of
S0/Fe2+ on EPS, protein and polysaccharide concentration in sludge, LB-EPS, TB-EPS and total
EPS were measured during the biological conditioning process (Fig. 4). As shown in Fig. 4(a),
there were no significant differences of proteins in
LB–EPS between controls over the time, about 15
mg/L, indicating that no obvious destroy of cell in
sludge happened; however, there were great changes of protein in other treatments, the concentrations
of protein decreased from 15 mg/L to about 5 mg/L
after treating for one day, which might be due to the
great decrease of pH leading to the denaturation and
precipitation of protein (Fig. 2 (a)). While according to the polysaccharide, after biological conditioning, the concentrations of polysaccharide in
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seen that the relative abundance of Alicyclobacillus
in the biological treatment group except for the
ratio of S0/Fe2+ at 9: 1. Moreover, Alicyclobacillus
could accelerate bioleaching due to both the utilization of organic matters and the oxidization of sulfur
compounds [16]. Alicyclobacillus, Bacillus, and
Clostridium species were enriched in the biological
treatments while they were not detected in original
sludge or control. As a result, it could be indicated
that indigenous bacteria in sludge acted a very important role in bioleaching in the treatments with
enriched species. To obtain better bioleaching capacity, the commensalism of heterotrophic species
was important.
Otherwise, the relative abundances of Nitrospira, which was identified as nitrite- oxidizing
bacterium [19], was enriched higher in the treatments with the addition of S0/Fe2+ compared with
the bank without addition of the energy substrate.
During the nitrification treated by Nitrospira, the
hydrogen ion was produced leading to the decrease
of pH value. These results indicated that the treatment of biological conditioning with S0/Fe2+ could
selectively enrich the hydrolytic bacterium and
acidification bacterium, which could lead to the
improvement of the sludge dewaterability.
Generally, principal component analysis (PCA)
is used to reduce the dimension of the data sets and
discover the major parameters influencing the microbial community. As was shown in Fig. S1, the
two eigenvalues named PCA1 (63.24%) and PCA2
(21.19%) maximally reflecting the variances,
showed the predicted contributory factors for the
microbial compositions in the seven treatments.
The samples were classified into four large groups,
corresponding to the communities from the 0d,
higher ratios of S0/Fe2+, lower ratios of S0/Fe2+ and
the Control one. PCA1 with the highest eigenvalue
clustered the samples on 6d-1, 2, 3, 4 from other
treatments. While PCA2 separated samples on 0 d
and 6d-1(S0/Fe2+: 1 :9) from other treatments. The
lower ratios of S0/Fe2+ samples (including 6d-2,
6d-3, 6d-4) were clustered tightly, indicating that
they show a high similarity in their microbial
structure. The samples could not be clearly separated by PC1, while the treatment 6d-1(S0/Fe2+: 1 :9)
could be separated from other samples by PCA2,
which contributes to 42% of the variance.
The variations of the microbial function profiles were shown in Fig. S2, using the pathway database, KEGG. The predicted protein sequences
annotated using KEGG pathway in the five samples
were as follows: 50.1-51.2% in metabolism group,
16.2-16.9% belonged to genetic information processing, 12.2-14.1% to environmental information
processing, 6.7-8.9% to cellular processes,
0.7-1.0% to human diseases and 0.5-0.7% belonged
to organismal systems.

the decrease of TB-EPS. However, the LB-EPS
content increase gradually. After two days’ treatment, the total EPS reached the lowest values in the
biological conditioning treatments especially when
the ratio of S0/Fe2+ was 1: 9, 3: 7 or 1: 1. The treatment with a ratio of S0/Fe2+ 3: 7 presented the lowest CST values, while the total EPS content decreased from 295.88 mg/L to 230.13 mg/L on the
first day. After that, the total EPS content further
decreased to 220.96 mg/L on the second day. Previous results have reported that intracellular substances including protein, carbohydrate, lipids and
deoxyribonucleic acid (DNA) would release to increase the total EPS content due to the lyses of
bacteria happened in the first 24 h of the bioleaching process [40]. While the concentration of the
total EPS decreased within the same period may be
due to the destruction and biodegradation of sludge
EPS components by some acidophilic bacteria. In
addition, the variation trends of the total EPS in
sludge is also very the same as that of sludge CST
and pH in the biological conditioning treatment
(Fig. 2(a) and Fig. 3(a)).
The improved sludge dewaterability by biological conditioning could be attributed to the fact
that the decreased pH first destroys the outer part of
sludge and then causes the protein degeneration or
precipitation. The destruction of outer region could
help to destroy the inner part of sludge, which may
induce the increase of polysaccharides in LB-EPS.
Hence, large amount of EPS-bound water and interstitial water would be transformed into free water
leading to the enhancement of sludge
dewaterability.
Analysis of the microbial community. A total of twenty bacterial genera were obtained in the
all treatments, the rest of them were regarded as
others. In order to investigate the shift of the microbial community and the dominant populations,
the phylogenetic distribution of sequences was
shown in Fig. 5 at the genus level. It was presented
that the relative abundance of Alicyclobacillus,
Rhodanobacter, Acidocella, Clostridium, Nitrospira
was highly enriched in the treatment by addition of
S0/Fe2+ substances. Acidocella is a genus in the
phylum Proteobacteria (Bacteria) which members
are acidophilic. The relative abundance of Acidocella was much higher in the treatment with the
ratio of than S0/Fe2+ 3: 7 than that in other treatments. Clostridium is a heterotrophic bacterium. It
was dominated in the treatments with the addition
of S0/Fe2+ which may be contributed by the biological conditioning by the degradation of organic
matters to enhance the growth or improve the activity of chemoautotrophic species such as Alicyclobacillus species. Alicyclobacillus commonly exist
under acidic thermal conditions, and they could
utilize various organic compounds and sulfur compounds as substances [41-43]. In Fig. 5, it could be
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FIGURE S1
The first two principal coordinate axes (PCA1 and PCA2) for PCA analysis.
The different colors in the graph represent the samples in different groups. The higher the similarity between the samples, the
more gathered in the graph. (6d-1: Control; 6d-2: 1: 9; 6d-3: 3: 7; 6d-4: 1: 1; 6d-5: 7: 3; 6d-6: 9: 1.)

FIGURE S2
Variations of bacterial function profiles in sludge biological conditioning process.
(6d-1: Control; 6d-2: 1: 9; 6d-3: 3: 7; 6d-4: 1: 1; 6d-5: 7: 3; 6d-6: 9: 1.)
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(a)

(b)

FIGURE S3
SEM images of sludge after different conditionings. (a) raw sludge and (b) after biological conditioning.

Furthermore, the degradation of the polysaccharide was accomplished by the glycan metabolism process. Thus, the relative abundance of energy metabolism and glycan metabolism was increased in this study with the addition of the increased ratio of S0/Fe2+. It was also indicated that
the content of polysaccharide in EPS is an important factor for the dewaterability of sludge.

Among the above, twelve pathways were for
metabolism, four pathways for cellular processes
and genetic information processing, and three for
environmental information processing (Fig. S2).
The relative abundance of carbohydrate metabolism
and amino acid metabolism amounted to more than
10% during the whole biological conditioning process, and the energy metabolism accounted for
more than 6%. Furthermore, the sequences related
to carbohydrate and amino acid metabolism decreased with the increased ratio of S0/Fe2+ during
the biological conditioning process. During the biological conditioning process, it can be conjectured
that the carbohydrate metabolism acted an important role in degrading the polysaccharide in the
EPS. In addition, it was known to all that amino
acids were the general energy and carbon source for
bacterial metabolism, which was denatured during
the conditioning process due to the decreased pH.
Therefore, the decrease of the abundance of the
species with amino acid metabolism was shown in
Fig. S2 with the addition of S0/Fe2+ compared to
that in the control.

Potential mechanism for enhanced sludge
dewaterability by biological conditioning. Based
on the analysis of CST, pH, Zeta potential, the
compositions of EPS and the surface morphologies
of sludge, the mechanisms of the sludge dewaterability enhanced by biological conditioning were
proposed. In this process, H+ was generated from
the chemical oxidation reaction of S0 (Eq. (2)) as
well as the hydrolysis of Fe3+ (Eq. (3)). As a result,
the concentration of H+ decreased sharply, the
sludge flocs were disaggregated into smaller particles due to the low pH. These small particles could
bind with more water molecules, leading to the decrease of the CST (Fig. 3(a)). Furthermore, the EPS
was stripped and the bacteria cells in sludge were
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destroyed too, and organic matters, especially the
protein and polysaccharide, were greatly solubilized
(Fig. 1), causing the release of bound water and
interstitial water into the free water. On the other
hand, large amount of H+ which was generated
from chemical oxidation of S0 (Eq. (2)) and hydrolysis reaction of Fe3+ (Eq. (3)) could improve the
flocculation of sludge, because the electrostatic
repulsive interaction would be minimized due to the
charge neutralization by H+. Simultaneously, the
Zeta potential on the surface of sludge particle
tended to zero point gradually, and the particles
would not repel each other, which was conducive to
the improvement of sludge dewaterability. In addition, the ferric/ferrous ions were effective flocculants in sludge conditioning as well as the charge
neutralizer. Fe3+ was generated from chemical oxidation reaction of Fe2+ (Eq. (1)). The Fe2+ and Fe3+
rest in the biological conditioning system could
neutralize the negative charge of the sludge surface.
Moreover, Fe(OH)3 formed from Eq. (3) may remain in the solution as coagulant, which could induce the reconstruction of large and compact sludge
flocs, increasing the particle size.
Besides, Fig. S3 showed the SEM images of
the sludge before and after biological conditioning.
As shown in Fig. S3 (b), the structure of sludge
after biological conditioning changed obviously.
The raw sludge was dispersed evenly (Fig. S3 (a)),
and the structure was incompact, while the conditioned sludge became tight lump. Furthermore, the
size of the particle increases, and the surface of the
sludge presented regular shape.
From the above results and analysis, the possible main mechanism of sludge conditioning by
biological treatment might include the release of
EPS-bound water and intercellular water resulting
from the destruction of sludge flocs and microbial
cells, and the flocculation contributed from H+ and
ferrous/ferric ions.
(3)
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Graphene is a single-layer carbon nanomaterial,
with graphite sheets stripped into a thickness of only
one carbon atom (about 0.335nm). Due to the excellent structural characteristics and properties, it is
widely used in many fields, especially in adsorption.
And it is considered as a potentially effective adsorbent [5]. As a result, in order to highlight and enhance the adsorption properties, researchers have developed many modified graphene-based nanomaterials. With the exploration of graphene in recent years,
great progress has been made in the application of
graphene and its composite adsorbent in wastewater
treatment. Nowadays, with the rapid development of
science and technology and economy, the potential
environmental hazards caused by the rapid growth of
economy are frequent, and the ecological environment and human health will face unprecedented severe challenges. Among them, heavy metal pollution
will be an important aspect of environmental problems for a long time to come. Effective control of
heavy metal pollution is not only one of the goals of
sustainable economic and ecological development,
but also an urgent need for human survival [6, 7].
Compared with other heavy metal treatment methods, the adsorption method is simple, efficient, economical and environmentally friendly, and has a
good adsorption effect on a variety of soluble and insoluble pollutants [8].
In this paper, graphite oxide was prepared by
modified Hummers method. And graphene oxide
dispersion was obtained in water by ultrasonic peeling. Then, at room temperature, GO was functionalized with polyethyleneimine (PEI) and carboxymethyl cellulose (CMC) by solution blending. And
GO/PEI and GO/PEI/CMC composites with different mass ratios were prepared. Finally, GO/PEI and
GO/PEI/CMC composites were selected as adsorbents to explore their adsorption properties for lead
ions in water. Meanwhile, the problems of graphene
and its composites in water solution adsorption were
summarized. And it was proposed that further study
could focus on the application of graphene in water
solution adsorption.

 

In view of the pollution of organic matter and
heavy metals in water, the pollution and hazard of
heavy metal, the adsorption of heavy metals, and
graphene oxide (GO) and its composites used in adsorption are briefly introduced. First, the improved
Hummers method is used to prepare graphite oxide.
And the graphite oxide dispersion is obtained by ultrasonic stripping treatment in water. Then, at room
temperature, GO is modified by polyethyleneimine
(PEI) and carboxymethyl cellulose (CMC) through
solution blending. GO/PEI and GO/PEI/CMC composites of different mass ratios are prepared. Finally,
optimal GO/PEI and GO/PEI/CMC composites are
selected as adsorbents. And their adsorption properties for lead ions in water are explored. It is shown
that heavy metal ions are more easily to be adsorbed
on the surface of GO/PEI/CMC. And the adsorption
performance of GO/PEI/CMC for heavy metal ions
is better.
  
Graphene, Carboxymethyl cellulose (CMC), Polyethyleneimine (PEI), Heavy metal pollution, Adsorption
method



    
Nowadays, economy, science and technology
are developing rapidly. Among them, the environmental risks caused by the long economic growth are
frequent. In this situation, the ecological environment and human health will be severely challenged
[1-3]. Among them, heavy metal pollution will be an
important aspect of environmental issues for a long
time to come. Effective treatment of heavy metal
pollution is one of the goals of economic and ecological sustainable development. Meanwhile, it is also
an urgent need for human survival [4]. Compared
with other heavy metal treatment methods, the adsorption method is simple, efficient, economical and
environmentally friendly. In addition, it has a good
adsorption effect on a variety of soluble and insoluble pollutants.
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The increased specific surface area and adsorption
sites provide advantages for high performance adsorption. The adsorption mechanism of Cr (VI) on
graphene and MGNCs is shown in Figure 1.

-);" -9)! ),8%7@9&%( -+)(&8 Graphene is an excellent adsorbent material with good
adsorption performance for heavy metals. Generally,
electrostatic interaction and ion exchange are the two
main mechanisms of heavy metal absorption on the
surface of graphene and its composites [12-14].
Through certain activation treatments or loads of
certain chemicals, the hydrophilicity and dispersion
of the adsorbent in aqueous solution are improved,
or the specific surface area of the graphene adsorbent
and its exchange capacity with ions are increased. So
that more active sites for adsorption are provided.
And the adsorption performance is furtherly enhanced. In addition, a large number of functional
groups on the surface of the material also play an important role in the adsorption of heavy metal ions.
Some supported compounds (such as EDTA) can
chelate with heavy metals. Through this way, the
heavy metals can be better adsorbed on the surface
of graphene and its composites.

7/)(&+),8%7@9&%(-+)(&8Graphene is
unsaturated on the surface with large specific surface
area. It is easy to combine with other substances and
tends to be stable. Thus the chemical activity is increased. Therefore, it has remarkable adsorption capacity and is a promising adsorbent in the field of
environmental adsorption. For organic substances
such as antibiotics and aromatic compounds, most of
the mechanisms are strong π-π stacking, hydrophobic interaction, electrostatic interaction and hydrogen bonding between the carbon six-membered ring
of graphene and the aromatic ring of organic matter.
Among them, π-π interaction is the main mechanism
of adsorption [15]. In addition, for aromatic compounds, the adsorption sites are affected by the conformational changes produced by graphene and its
composites in the interaction with polycyclic aromatic hydrocarbons. Thus the adsorption process is
affected. For dyes, since dye molecules exist in ionic
form in water, the main mechanism of the adsorption
of dyes is electrostatic interaction.


     

!7-@)7)9&%( )7)+9-7&,)9&%( )(, ,8%7
*-(9 -!-+9&%(%.7)@-(- =&,-%@%8&9-8 In
this chapter, as an excellent adsorbent material, the
remarkable adsorption capacity of graphene for
heavy metals is introduced. Meanwhile, the preparation, characterization and adsorbent selection of graphene oxide composites are introduced. First, the
graphene oxide composites are introduced.


 
,8%7@9&%(-+)(&8%.7%(/7)@-(-
)(,)/(-9&+/7)@-(-()(%+%@%8&9-8
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!  !   

,8%7@9&%( %. +)9&%(&+ -);" -9)!8 Graphene and its composites have a high affinity for cationic heavy metals. Based on this, a number of deep
researches have been conducted. Hao and others are
used to prepare silica/graphene composites for the
rapid removal of Pb 2+ in solution. It is shown by experimental results that the adsorption capacity is
113.6 mg /g. Compared with pure silica, the adsorption capacity is significantly improved. It is found
that ion exchange is not the main reason. The main
mechanism of action is the electrostatic interaction.
It is reported by Mejias and others that the adsorption
capacity of GO-EDTA for Pb 2+ and Cu 2+ is 454.6,
108. 7 mg /g, respectively. The adsorption capacity
exceeds that of traditional adsorbent materials (such
as activated carbon). Through Fourier transform infrared spectroscopy analysisit is shown that carboxyl and carbonyl functional groups can bind metal
ions [9]. The adsorption effect can be improved by
the characteristics of GO, including the high specific
surface area, multifunctional chemical functional
groups, and the chelate formed by EDTA and most
metals [10].

,8%7@9&%( %. )(&%( -);" -9)!8 In addition to cationic heavy metals, graphene and its composites are also good adsorbents for anionic heavy
metals [11]. It is found by Zhu and others that at
lower pH condition [Cr(VI) exists in the form of
22−7 ], the effectiveness of magnetic graphene
nanocomposites (MGNCs) in the removal of Cr(VI)
is efficient. And the adsorption equilibrium can be
achieved only in 5 minutes. However, Cr(VI) cannot
be completely adsorbed by other materials such as
carbon, waste biomass and lignocellulosic substrates
within a few hours, or even a few days. Compared
with graphene, the specific surface area and adsorption sites of iron oxide-loaded MGNCs are increased.
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7)@-(- %=&,- +%@%8&9-8 GO is the most
easily expanded derivative of graphene. Compared
with graphene prepared by mechanical stripping, epitaxial growth and chemical vapor deposition, the
production cost of GO is lower and the solution processing is easier. Depending on the preparation process, the oxygen content on the GO sheet layer can
reach 20-30%, mainly including the epoxy group,
hydroxyl and the carboxylic acid terminal group at
the edge of the sheet layer. Due to the oxygen-containing functional groups, GO is more active than
graphene, showing a strong affinity for a variety of
substances. And GO is prone to further covalent or
non-covalent modification [16-18]. Nowadays,
modified by graphene oxide composites, the composites such as inorganic composite materials and polymer composite materials, have developed rapidly.
So that the thermal, mechanical and electrical properties of composite materials have been significantly
improved. And its application prospects in many
fields are excellent.
Polyethyleneimine (PEI) is a water-soluble polymer. Structurally, it can be divided into straightchain polyethyleneimine and branched polyethyleneimine. The molecular chain contains a large
number of amine functional groups. And it is widely
used in inks, coatings, adhesives and gene transfection. Since polyethyleneimine has a high density of
amines and the primary amines whose chain ends are
easy to react. These amines with lone pair electrons
have strong interaction with acid gas. Under certain
conditions, the solid material of polyethylamine can
absorb and even permanently store carbon dioxide.
In recent years, there have been many reports about
the adsorption of modified P for carbon dioxide. The
main materials of these studies are polyethyleneimine /silicon dioxide composites. It is shown that,
at the initial stage of adsorption, even if the concentration of CO 2 is very low, it can also be effectively

However, it is rarely used in adsorption. At room
temperature, polyethylenimine (PEI) and carboxymethyl cellulose (CMC) are modifiers. GO/PEI and
GO/PEI/CMC composites with different mass ratios
are prepared by solution blending. Through various
characterization methods, the influence of polyethylenimine and carboxymethyl cellulose on the chemical structure, surface morphology and thermal stability of GO/PEI and GO/PEI/CMC are analyzed and
discussed. Under the same conditions, the GO/PEI
and GO/PEI/CMC composites with the best effect
are selected as the absorbent for Pb 2+ . And they are
used to investigate the adsorption performance of
GO/PEI and GO/PEI/CMC on Pb 2+ .

!7-@)7)9&%( %. /7)@-(- %=&,-  @%!"-9
"!-(-&&(-Solution blending method is to add the
raw material components into the common solvent
and to obtain the blend after evenly mixing. Graphene oxide in the experiment can be well dispersed
in water. Both polyethyleneimine and sodium carboxymethylcellulose are soluble in water. And the
solvent is environmentally friendly and easy to be
processed. Therefore, solution blending is used to
prepare GO/PEI and GO/PEI/CMC composites.
(1) Pretreatment of graphene oxide dispersion:
The quantitative graphite oxide prepared in advance
is weighed and placed in a 250ml beaker. Quantitative deionized water is added to prepare a 10mg/mL
suspension. And the ultrasonic stripping is conducted for about 1h. With 0.1M sodium hydroxide
solution, the pH of GO dispersion solution is adjusted to 8.0 for later use.
(2) PEI is weighed with 3 times the mass of GO.
And the deionized water that is equal to the volume
of GO dispersion is added to prepare PEI aqueous
solution. The prepared GO dispersion is added to the
uniform dissolved PEI solution. And then, ultrasonic
treatment is conducted for about 1min. Finally, the
mixture is stored at 25°C for 24h. After the reaction,
washing it centrifugally with deionized water. Then,
it is fully dried at 50°C.

removed by PEI/ Si O 2 . Meanwhile, CO 2 can be reversibly adsorbed in the humid environment. By
changing the acidity and alkalinity of the silica with
nitric, the adsorption capacity of PEI/ Si O 2 compo-

!7-@)7)9&%( %. /7)@-(- %=&,-  @%!"-9
"!-(-&&(-+)7*%="-9"!+-!!:!%8-(1) Pretreatment of graphene oxide dispersion: Quantitative
graphite oxide prepared in advance is placed in a
250Ml beaker. Quantitative deionized water is added
to prepare 10mg/Ml suspension. And the ultrasonic
treatment is conducted for 1h. With 0.1M of sodium
hydroxide solution, the pH of GO dispersion solution is adjusted to 8.0 for later use.
(2) Polyethylenimine is weighed with 2 times
the mass of GO. And deionized water that is equal to
the volume of GO dispersion is added to prepare PEI
aqueous solution. The processed GO dispersion and
polyethyleneimine solution are treated by ultrasound
for about 1min. Then, the mixture is stored at 25°C
for 24h.

sites for CO 2 is increased by some researchers. It is
concluded that the mechanism of adsorption of CO 2
by such materials is the formation of alkyl carbamate
vinegar between CO 2 and amine sites on the materials. And the pore structure of the materials is also
conducive to the adsorption of CO 2 .
Carboxymethyl cellulose (CMC) is a kind of
white powder. It is a water-soluble polyelectrolyte
with negative charge. And it is one of the most important natural cellulose derivatives. As an additive
in food and paper industry, thickener or flotation
agent is widely used in industry. Carboxymethyl cellulose sodium is widely distributed, rich in yield, and
can produce precipitation with polyvalent metal.
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(3) CMC is weighed with the mass equal to GO.
Deionized water that is equal to the volume of GO
dispersion is added to prepare the 10mg/Ml aqueous
solution. For fully swelling, the standing time of solution is one night. Then, the CMC solution with uniform swelling is added to the GO/PEI storage solution at the end of the reaction. And it is rapidly stirred
for 30min to mix evenly. Glutaric acid whose quality
is equal to GO is prepared to form a solution with a
mass concentration of 2%. It is slowly added to the
mixture with high speed mixing. After adding, mixture is stirred for 4 hour at 25 °C. Then, repeated
washing with deionized water is done to remove unreacted raw materials. And it is fully dried at 50°C.
(4) Schematic diagram of the preparation of
graphene oxide composites. There are three interaction relations between GO and polyethylenimine:
hydrogen bond between N with lone pair electron on
polyethylenimine and –OH on GO sheet; electrostatic interaction between the protonated amino
group and the carboxyl group on GO; and the nucleophilic substitution between the primary amine on
PEI and the carboxyl group and the epoxy group on
GO. Among the three interaction, the nucleophilic
substitution plays a dominant role. GO/PEI/CMC is
prepared. Glutaric acid containing two carbonyl
groups is the crosslinking agent. Acidification reaction is undergone between the hydroxyl group on the
CMC chain and one of the carbonyl groups of glutaric acid. And the other carbonyl group of glutaric
acid is reacted with the active primary amine on PEI.
The GO/PEI/CMC composites are obtained through
the connection of CMC with GO/PEI. In the preparation of GO/PEI/CMC composites, the material ratio among the three components should be controlled
to prevent excessive crosslinking between PEI and
CMC or between the two themselves.

 =

0 − 
×100%


(2)

0 and  are initial Pb 2+ concentration and
post-adsorption Pb 2+ concentration, mg/L; m is the
mass of adsorbent in the adsorption system, mg; V is
the volume of the solution, L.


     

)7)+9-7&,)9&%(%. )(,&98+%@%8&9-8
Figure 2 shows the infrared spectra of GO, GO/PEI
and GO/PEI/CMC, respectively. It can be seen from
(a) that the stretching vibration absorption peaks of
C=C double bond on the carbon base plane and the
CO of –COOH are at 1731 cm −1 and 1623

cm −1 . While the stretching vibration of COC
appears at 1047 cm −1 . It is indicated that graphite
has been oxidized. Compared with (a), (b) and (c) in
figure 2, it can be found that both (b) and (c) have
new absorption peaks at 2931 cm −1 and 2847 cm −1 .
And it is the characteristic peaks of asymmetric
stretching vibration and symmetric stretching vibration, which indicates the existence of PEI molecular
chain. In addition, the new absorption peak at 1451
cm −1 is produced by the stretching vibration of Cbond. And it also confirms that PEI has reacted with
GO. In Figure 2(b), 1571 cm −1 is the bending vibration absorption peak of NH. While 1650 cm −1 is
the characteristic peak of –CONH in Figure 2(c). It
is indicated that the PEI molecular chain appears in
GO/PEI and GO/PEI/CMC composites. It is worth
noting that in Figure 2(c), a new weak absorption
peak appears at 1121 cm −1 . It is a COCO
C characteristic peak with low intensity. And it is indicated that CMC is grafted onto the GO/PEI surface.


- +%&+- %. 9- *-89 ),8%7*-(9 Standard
solution Pb 2+ is prepared at 1000mg/L and is diluted
to 50mg/L. A batch of 100ml round-bottomed flasks
are taken. And 50ml of Pb 2+ solution with a concentration of 50mg/L is added. And the pH of the solution is adjusted to 5.5 with 0.1M of hydrochloric acid
and sodium hydroxide solution, respectively. Then,
20mg of GO/PEI/CMC with different mass ratios is
added. At 298K, the mixture is stirred continuously
for 24h (to ensure that the reaction reached equilibrium). After adsorption, the adsorbent is filtered and
separated. And the Pb 2+ concentration after equilibrium is detected by flame atomic absorption spectrometer [20]. Except for the pH value of 6.0, as the
experimental steps of GO/PEI/CMC, the adsorption
effect of GO/PEI with different mass ratios is investigated.
The calculation formula of removal rate and adsorption capacity is as follows:

=

0 − 
×
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higher the content of PEI, the more adsorption sites
on the surface of GO/PEI. Therefore, GO/PEI with a
mass ratio of 1:3 has the best adsorption effect. For
GO/PEI/CMC composites, when the mass ratio is
1:1:1, there may be a lot of unreacted CMC. When
the mass ratio is 1:3:1, the residual PEI in the preparation of GO/PEI is cross-linked with CMC. And the
number of CMC that has effective reaction with
GO/PEI is reduced. Therefore, with a mass ratio of
12:1,
the
cross-linking
reaction
among
GO/PEI/CMC is more efficient with the best adsorption effect on Pb 2+ .
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Pb 2+ 

Figure 3 shows the Raman spectra of GO,
GO/PEI and GO/PEI/CMC, respectively. For carbon
materials, there are two main characteristic peak: D
peak and G peak (theoretical peak positions are 1352

The adsorption
Sample

cm −1 and 1575 cm −1 ). They correspond to the  3

GO/PEI

hybrid of carbon atoms in the defect structure area.
2

And the  breathing vibration mode (in-phase vibration) is of Brillouin zone boundary mode and ordered C = C. Generally, the lattice defect or the disorder degree of the material can be indicated by the
intensity ratio of D peak to G peak. According to (a),
(b) and (c) in Figure 3, D peak and G peak of GO/PEI
and GO/PEI/CMC are within the GO peak range. It
is indicated that both of them contain GO. Obviously,
the I D I G (0.90) of GO is less than that of GO/PEI

GO/PEI/CMC

Mass
ratio
1:1
1:2
1:3
1:1:1
1:2:1
1:3:1

capacity of Pb
(mg/g)
45.2
57.1
74.5
64.0
95.4
94.7

2+

-8&/(9-89)(,)()!"8&8The 1M hydrochloric acid and sodium hydroxide solutions are separately prepared for later use. Pb 2+ standard solution
1000mg/L is prepared with 1L volumetric flasks.
And then, they are diluted to 40-320mg/L in proper
order. The effect of adsorbent addition, initial Ph of
solution, initial concentration of lead ion, adsorption
time, and temperature on the adsorption capacity of
GO/PEI, GO/PEI/CMC is studied. The adsorption
mechanism is investigated by adsorption kinetics,
adsorption isotherms, thermodynamics. In addition,
the recycling performance of the adsorbent is also investigated.

and GO/PEI/CMC. It is indicated that more carbon
atoms appear on both sides of GO slice. The increase
of carbon atoms is caused by the increase of  3
carbon atoms, which is resulted from the modification of GO by PEI and CMC. Moreover, I D I G (0.05)
of GO/PEI/CMC is slightly larger than I D I G (1.00)
of GO/PEI. That is because GO mass fraction of
GO/PEI and GO/PEI/CMC is the same. Due to the
limited number of active groups on the surface of
GO, the number of attached PEI and CMC is certain.
Therefore, the difference of I D I G between GO/PEI

  ..-+9 %. ),8%7*-(9 ),,&9&%( %( 9- 7-
%;)! 7)9- %. Pb 2+  The batch of 1000 ml round
bottom flasks are prepared. And 50 ml of Pb 2+ solution with a concentration of 50 mg/L is added. The
solution is adjusted to Ph 5.5 with 0.1M hydrochloric
acid and sodium hydroxide solution in proper order.
Then, 10, 20, 30, 40, 50 mg of GO/PEI/CMC are
added in sequence. At 298 K, the mixture is continuously stirred for 24h (to ensure that the reaction
reached equilibrium). After the adsorption, the adsorbent is separated by filtration. And the Pb 2+ concentration after equilibrium is measured by a flame
atomic absorption spectrophotometer.

and GO/PEI/CMC is slight.
The number of active oxygen-containing functional groups on the GO surface is limited. And only
a certain amount of PEI can be connected. Meanwhile, GO/PEI can only be cross-linked with a certain amount of CMC. So, the difference of mass ratios has a great influence on the number of surface
adsorption sites of GO/PEI and GO/PEI/CMC. Thus,
the adsorption of GO/PEI and GO/PEI/CMC for
Pb 2+ is affected. According to Table 1, GO/PEI and
GO/PEI/CMC with a mass ratio of 13 and 12:1 have
the best adsorption effect on Pb 2+ . For GO/PEI, the

 ..-+9%.&(&9&)!!%.8%!:9&%(%(),8%7@
9&%(@-7.%7)(+- The batch of 100 ml round bottom flasks are prepared. And 50 ml of Pb 2+ solution
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with a concentration of 50 mg/L is added. The solution is adjusted to Ph 2-7 with 0.1M hydrochloric
acid and sodium hydroxide solution in proper order.
Then, 20 mg of GO/PEI/CMC is added in sequence.
At 2 WK, the mixture is continuously stirred for 24h
(to ensure that the adsorption reaction reached equilibrium). After the adsorption, the adsorbent is filtered off. And the Pb 2+ concentration after equilibrium is measured by a flame atomic absorption spectrophotometer.
The chemicals used in the experiment are
shown in Table 2.

Pb 2+ . And Pb 2+ diffuses to the surface of the adsorbent with a large driving force. To some extent, with
the increase of adsorbent addition, adsorption sites
in the system can be increased. Therefore, when the
adsorbent content is low, the removal rate of Pb 2+
by GO/PEI and GO/PEI/CMC increases rapidly.
When the amount of adsorbent addition is more
than 30 mg, the removal rate of Pb 2+ by GO/PEI
and GO/PEI/CMC increases slowly until it is substantially unchanged. At this stage, the concentration
of the active sites of the adsorbent in the system is
greatly increased. And a decrease in the concentration gradient is resulted. The concentration of Pb 2+
is also decreased, because of the reaction with the
active sites. And the effectiveness of the partially unsaturated adsorption sites is reduced. Therefore, the
content of Pb 2+ at this stage is constant. The increasing amount of adsorbent addition results in
more active sites that are unsaturated. It is meaningless in terms of cost and effect. In this experiment,
20 mg is selected as the optimal amount of addition.

 
-+-&+)!8:8-,&(9--=@-7&-(9
Chemicals
Lead nitrate
Hydrogen chloride
Sodium hydroxide
Sodium chloride

Specification
AR
AR
AR
AR

Factory
National Medicine
National Medicine
National Medicine
National Medicine



..-+9%.),8%7*-(9),,&9&%(%(9-7-%;)!
7)9-%.@%!!:9-,-);"-9)!&%(8In order to maximize the use of the adsorbent, the effect of the
amount of adsorbent on the removal rate of Pb 2+ is
examined. So that the adsorbent could be more effectively used in subsequent experiments. It can be
clearly seen from Figure 4 that when the addition of
GO/PEI/CMC is 30 mg, the removal rate of lead ions
is 95.8%. And when the addition of GO/PEI is 40 mg,
the removal rate of lead ions is 96.3%. It is indicated
that the adsorption capacity of GO/PEI/CMC to
Pb 2+ is greater than that of GO/PEI.

..-+9%.&(&9&)!@%.8%!:9&%(%(),8%7@9&%(
7-)+9&%( %. +%(9)&()9-, -);" -9)! &%(8 The
initial pH of the solution not only affects the presence and type of lead ions, but also affects the existence of adsorption active sites on the surface of the
adsorbent. Figure 5 shows the effect of initial positivity on the adsorption of GO/PEI and
GO/PEI/CMC for Pb 2+ . At 298 K, the experiment is
done in 20 mg of adsorbent in 50 mL of 50 mg/L
Pb 2+ solution. The adsorption time is 24h. It can be
seen from Figure 5 that the solution valence can
strongly influence the adsorption capacity of
GO/PEI and GO/PEI/CMC on Pb 2+ .
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When the amount of adsorbent addition is less
than 30 mg, the removal rate of GO/PEI to Pb 2+ is
increased from 31.4% to 80.50%. And the removal
rate of GO/PEI/CMC to Pb 2+ is increased from 38.3%
to 95.8%. This is because when the lead ion concentration and the solution volume are constant, the
lower adsorbent content leads to a less concentration
of active sites in the system. And a large concentration gradient is formed with a certain amount of


..-+9%.8%!:9&%(@%(9-),8%7@9&%(
@-7.%7)(+-.%7!-),&%(8
When PH = 2-3, the adsorption amount of
Pb by GO/PEI and GO/PEI/CMC is very small. It
is 33.4% and 36.2% mg/g, respectively. There are
2+
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adsorbent. Thus, resulting in the changes in the adsorption capacity. At 298K, 308K and 318K, the adsorption capacity and adsorption energy of Pb 2+ by
GO/PEI and GO/PEI/CMC are studied. Through the
adsorption capacity at different temperatures, the
thermodynamic parameters enthalpy Δ , entropy
change Δ , and Gibbs free energy change Δ are
discussed. The calculation formula is as follows:

two main reasons: (1) At this stage, the solution contains a large amount of charges. They compete with
the lead ion for the active site on the surface of the
adsorbent. (2) The amine, carboxyl and hydroxyl
groups on the surface of GO/PEI and GO/PEI/CMC
are positively charged with the strong protonation.
And the electrostatic repulsion with Pb 2+ is produced.
When the pH is 3-5, for GO/PEI, due to the significant increase of adsorption amount of for Pb 2+ ,
the concentration at this stage is gradually reduced.
And the functional group protonation of GO/PEI and
GO/PEI/CMC is also weakened. And Pb 2+ is
mainly existed in the form of divalent positive ions,
which is favorable for the adsorption reaction. When
pH=5.5, the adsorption amount of GO/PEI/CMC to
Pb 2+ reaches a maximum of 85.8 mg/g. While
PH=5.5, the GO/PEI has the largest adsorption of
67.31 mg/g. As the continuous increase of pH, the
amount of adsorption of both begins to decrease.
This is because when the pH is 6, Pb ( OH )+ ,

 =




(3)

ln (   ) = −

Δ Δ
+



(4)

(5)
Δ = Δ −  Δ
  is the thermodynamic equilibrium constant,
 is the ideal gas constant ( 8.3145J / ( mol ⋅ K ) ), and

 (  ) is the absolute temperature.
0.6
0.5

Pb ( OH )2 , and Pb ( OH )3 begin to appear. The interaction between the surface functional groups of
the adsorbent and Pb 2+ is reduced. It should be
noted that the amount of GO adsorbed by the
GO/PEI/CMC is greater than that adsorbed by
GO/PEI at different pH values. And the rougher surface structure GO/PEI/CMC has is not the only reason. When pH≤4, the protonation of amino group,
the carboxyl group and the hydroxyl group is strong.
And the repulsion effect on Pb 2+ is also strong.
When the pH is more than 4, the protonation of the
functional group is gradually decreased with the increase of the pH value. However, in the same pH solution, the amino group has stronger protonation
ability than carboxyl group and hydroxyl group, and
its repulsive effect on Pb 2+ is also greater. So, the
force between GO/PEI/CMC and Pb 2+ is stronger,
and the adsorption amount is also higher. The maximum adsorption amount of GO/PEI to Pb 2+ appears
at the higher pH value. When pH≥6, the existence of
Pb 2+ changes, and the adsorption amount of Pb 2+
by GO/PEI and GO/PEI/CMC starts to decrease. In
the subsequent experiments, the optimum pH values
of the adsorption of GO/PEI and GO/PEI/CMC for
Pb 2+ are taken as 6.0 and 5.5, respectively.

GO/PEI
GO/PEI/CMC

0.4

ln(Kc)

0.3
0.2
0.1
0
-0.1
-0.2
-0.3
0.00315

0.00325

0.0035

1/TK


(.!:-(+-%. !)(, !%(!-),
&%(),8%7@9&%( ln ( K c ) -1/ T 
 
-7%,"()&+@)7)-9-78%.9-),8%7@9&%(
%*9)&(-,.7%9--=@-7&-(9
Sample

GO/PEI
GO/PEI/
CMC

T

Δ

K

kJ ⋅ mol

298
308
318
298
308
318

Δ
-1

J ⋅ mol ⋅ K
-1

-14.74

-28.91

-22.31

-43.21

Δ
-1

kJ ⋅ mol-1
-6.23
-6.01
-5.83
-8.52
-8.21
-7.76

The linear relationship is shown in Figure 6.
According to the slope and intercept of
ln ( K c ) -1/ T , the values of enthalpy change Δ ,

-9-+9&%( %. 9-7%,"()&+ 7-)+9&%( %.
-);"-9)!&%(),8%7@9&%(Thermodynamic studies provide further information on the changes in intrinsic energy in the adsorption process. The temperature not only affects the thermal motion, potential
value, solvation of heavy metal ions in the solution,
and the degree of system chaos, but also affects the
activity of the functional groups on the surface of the

entropy change Δ and Gibbs free energy change
Δ can be calculated. And the results are listed in
Table 3. As can be seen from Figure 6, with the increase of T, K c is gradually decreased. It is indi-
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cated that within a certain temperature range, the increase of temperature is not conducive to the adsorption reaction. In Table 3, both Δ and Δ are less
than zero. It is indicated that the adsorption process
of GO/PEI and GO/PEI/CMC is exothermic and natural without the influence of external force. In addition, the fact that Δ is less than zero indicates that
the disorder of the solution system is decreased after
adsorption. This is resulted from the fact that Pb 2+
is adsorbed on the surfaces of GO/PEI and
GO/PEI/CMC. Moreover, the absolute value Δ of
GO/PEI/CMC is greater than that of GO/PEI. It is
indicated that Pb 2+ is more easily to be adsorbed on
the surface of GO/PEI/CMC. GO/PEI/CMC has a

closer to that in the laboratory basic experimental
study.
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better adsorption performance for Pb 2+ .
   
Graphene is a new carbon nanomaterial with
high specific surface area. Due to the excellent physical and chemical characteristics, it has become a potential adsorption material. Graphene can be compounded with other compounds to form composite
materials with higher specific surface area, higher
porosity and richer surface functional groups. So that
its activity is improved and its adsorption capacity is
enhanced. This paper focuses on graphene and its
composites in the adsorption and removal of organic
matter and heavy metals. The continuous exploration
of scholars in the excellent adsorption of graphene
and its composites is introduced. With the in-depth
study of adsorption, rapid progress has been made in
the application of graphene and its composites in water treatment. The number of the study related to adsorption mechanism of organic, heavy metals, and
other wastewater pollutants is less. The possible
ways of action are preliminarily discussed in most of
them. Nowadays, adsorption mechanism still needs
further in-depth study and summary in order to design more practical modification to improve its adsorption performance.
Finally, GO/PEI and GO/PEI/CMC composites
are selected as adsorbents to explore their adsorption
properties for lead ions in water. It is shown that
heavy metal ions are more easily to be adsorbed on
the surface of GO/PEI/CMC. The adsorption performance of GO/PEI/CMC for heavy metal ions is better. In addition, simulated wastewater is mostly used
in the laboratory to study the adsorption performance
of adsorbing materials on target pollutants. It is expected to bring advantages for the exploration of adsorption mechanism. However, the real water environment contains complex components. And it is
necessary to strengthen the study of the effect of environment on the adsorption characteristics. And it
needs to be ensured that the adsorption performance
of materials in the actual wastewater treatment is
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these disadvantages and improve performance [1].
This technology was developed to reduce the production of excess sludge and the time required for
the traditional activated sludge process [2]. Ni et al.
[3] discovered that the activities of the enzyme nitrite
oxidoreductase and key denitrifying enzymes increase after long-term exposure with magnetic nanoparticles. Moreover, the acclimation of activated
sludge under the magnetic field and the biodegradation of organic pollutants are stimulated, thereby increasing biological activity and improving the efficiency of wastewater treatment [4, 5]. Intensive nitrogen compound transformations have higher nitrification rates in reactors with installed magnets than
in reactors without magnetic field application; in addition, the microbial diversity and richness of activated sludge are strongly affected by magnetism
[1, 6].
Besides magnetic powder dosage, several studies have also focused on the effects of temperature,
aeration time, and magnetic field strengths on pollutant removal in activated sludge. Temperature
changes inhibit microbial metabolism by reducing
the removal capacity of sludge biomass substrate;
temperature also affects the sedimentation performance, dewaterability, and physicochemical properties of activated sludge [7–11]. Therefore the investigations on the performance of contaminant removal efficiency for activated sludge under different
operation temperatures are crucial. In wastewater
treatment plants using the activated sludge process,
two methods are widely used to increase aeration efficiency: using high-efficiency aeration devices and
optimizing aeration control strategies. Further studies revealed that the aeration time shapes the bacterial community in terms of diversity, composition,
and distribution of functional groups involving carbon, nitrogen, and phosphorus removal. The reaction
aeration time affects the amount of pollutants that the
system can handle; it is an important factor affecting
the pollutant removal effect of activated sludge [12,
13]. Considering sustainability on the basis of cost
benefit analysis, aeration requires additional energy
input, even though this approach can improve treatment performance. Therefore, the optimization of
aeration time for contaminant removal in activated

%&$&
The performance of traditional and magnetized
activated sludge treatment systems was compared in
a sequencing batch reactor. Four influencing factors,
namely, magnetic powder dosage, temperature, aeration time, and magnetic field size, which affected
the efficiency of sludge treatment were investigated
with the evolution of the principal sewage indexes:
chemical oxygen demand, ammonia nitrogen, total
nitrogen, and total phosphorus. Results revealed that
the efficiency of sewage treatment with magnetized
activated sludge was better than that of traditional
activated sludge. Its elimination rates of COD, ammonia nitrogen, TN, and TP were approximately
96.4%, 98.9%, 86.4%, and 94.2%, respectively,
compared with the activated sludge that was not exposed to a magnetic field (90.7%, 78.4%, 53.5%, and
87%, respectively). The magnetic powder dosage of
0.5 g/L was optimal for pollutant removal. The temperature of 25 °C–30 °C, aeration time of 4 h, and
applied magnetic field of 200 Gs achieved the best
effect in the comprehensive consideration of economic aspects and processing indicators.

+)!$%
Wastewater treatment, sequencing batch reactor, magnetized activated sludge, aeration time, magnetic field



 &$!'&! 
With the development of China’s economy and
the increase in urban population, the amount of sewage generated has surged, and many sewage treatment plants are overloaded. Foreign countries have
proposed and studied the sequencing batch reactor
activated sludge process (SBR) since 1969. Development of sewage treatment technology in China
started late, and the intermittent activated sludge process has been used since the mid-1980s. Activated
sludge and its modified forms are commonly used
biological processes that have various disadvantages, such as sludge expansion, small biomass,
and loose floc structure. Compared with traditional
activated sludge, magnetic separation can overcome
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sludge would help in the design of effective and sustainable SBRs and should be extensively investigated. In addition, several studies have investigated
that a magnetic field can affect the growth and biodegradation ability of microbes. Hattori et al. [14]
determined the effects of an external magnetic field
on sedimentation enhancement using three kinds of
practical activated sludge. The application of an external magnetic field to activated sludge enhances
sedimentation irrespective of the nature of the activated sludge. Tu et al. [15] confirmed that applying
a proper magnetic field can reduce the energy consumption required for aeration during the degradation of organic matter in municipal wastewater in algal–bacterial symbiotic systems.
Given the limited knowledge in previous literature, this study aimed to investigate the effect of
magnetic powder dosage, temperature, aeration
time, and magnetic field size on organic pollution removal with magnetized activated sludge. In addition,
the reaction conditions for wastewater treatment by
activated sludge were optimized. The results will
provide a basis for improving the treatment efficiency in the SBR.

activated sludge were discarded. Second, the microporous aeration head was placed in the sludge.
Third, the air pump was activated to expose the activated sludge for 1–2 days. After suffocation exposure was completed, the activated sludge was completely precipitated and the supernatant was discharged. Thereafter, the activated sludge was inoculated into the SBR and continuously domesticated by
artificial water distribution to maintain approximately 3000–4000 mg/L mixed liquid suspended
solids (MLSSs) of the sludge in the reactor.

&$% &!%

C;1=5819?-7 01A5/1 As shown in Figure 1,
experiments were performed using a specially designed SBR (20 cm in diameter, 50 cm in height, and
10 L of capacity). Three equidistant outlets were designed on the side wall. A mud discharge port was
provided at the bottom of the SBR. The system used
the bottom blast aeration method: two microporous
aeration heads connected to the air pump were
placed at the bottom end of the SBR, and a rotameter
was used to adjust the aeration rate to control the dissolved oxygen (DO) concentration.


'$ 
%$?1>?01A5/105-3=-8
35?-?:= 1=-?:= =-59;:=? )-?1=
:@?71?5=;@8;


C;1=5819?-78-?1=5-7>Synthetic domesticlike sewage, called raw sewage, with carbon, nitrogen, and phosphorus sources, was composed of
C6H12O6, ammonium chloride, and potassium dihydrogen phosphate, respectively, in the ratio of
100:5:1. Trace elements, such as manganese sulfate
and calcium chloride, were added to the raw sewage.
The pH of the raw sewage was adjusted by using sodium hydrogen carbonate. Table 1 shows the index
of artificial water distribution. Micron-sized magnetized Fe3O4 was added as magnetic powder in the
SBR. It is a magnetic black crystal with a large surface free energy and specific surface area and is insoluble in water. The inoculated sludge in SBR was
obtained from the activated sludge in the aeration
tank of a sewage treatment plant in Guilin.

C;1=5819?-781?4:0C;1=5819?-7:;1=-
?5:9>?-31 :81>?5/-?5:9>?-31 First, the upper
and lower layer impurities of the large material of the

& 
%58@7-?10@=.-9>1B-31B-?1=<@-75?D
5905/-?:=>
Item
value

COD
(mg/L)
110–420

NH4+-N
(mg/L)
25–40

TP
(mg/L)
5–10

pH
6.5–8


At the initial stage of acclimation, the chemical
oxygen demand (COD) dosage was 100 mg/L. Other
nutrients were added at a ratio of C:N:P=100:5:1.
After the sludge was adapted, the COD influent concentration gradually increased from 100 mg/L to 400
mg/L. The influent ammonia nitrogen concentration
gradually increased from 10 mg/L to 40 mg/L. After
a period of operation, the influent COD and ammonia nitrogen decreased to 400 and 40 mg/L, respectively. At this point, sludge domestication was completed, and the formal test phase started. After measurement, the sludge concentration was 3495 mg/L.
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spectrophotometry, potassium dichromate method,
alkaline potassium persulfate digestion with ultraviolet spectrophotometry, and ammonium molybdate
spectrophotometry.

 -391?5/;:B01=0:>-311C;1=5819? On
the basis of the domesticated sludge, the magnetic
powder dosage was 0–0.5 g/L in the test experiment.
Six devices were set up for a parallel test, in which
six identical mixtures of 1.5 L of domesticated
sludge and sewage were added into the SBR. Accordingly, the test had the same initial MLSS. Five
SBRs were charged with different amounts of magnetic powder for water quality monitoring and analysis. The remaining SBR was used as a parallel control test without adding magnetic powder. The optimal amount of magnetic powder was not found.
Therefore, the dosage range of magnetic powder was
extended to 0.5–1 g/L. The magnetic powder was
not added to the No. 0 container. The dosages in
SBRs 1, 2, 3, and 4 were 0.5, 0.7, 0.9, and 1 g/L, respectively. Different amounts of magnetic powder
were magnetized in a magnetic field for 15 min. Subsequently, they were added to the sludge to be thoroughly mixed with the sludge for 1 week. During the
test, the reaction time of the entire cycle was 4 h of
aeration and 1 h of precipitation.


$%'&% %'%%! 

221/?:28-391?5/;:B01=0:>-31:9;:77@
?-9?=18:A-7As shown in Figure 2, eliminating organic pollutants in the system in which the activated
sludge was added with magnetic powder was more
effective than that in the system with traditional
sludge. However, when the magnetic powder dosages were from 0 g/L to 0.5 g/L, the optimal magnetic powder dosage still could not be determined.
Therefore, parallel tests with magnetic powder dosages from 0.5 g/L to 1 g/L should be further conducted. The two batches of experiments that considered cost showed that the magnetic powder dosage
of 0.5 g/L exhibited the best value. Liu et al. [1] also
indicated that magnetic powder added in the SBR
can successfully enhance the removal of COD.
When magnetic powder dosages were 0.5–0.7 g/L,
the maximum elimination percentages of COD, ammonia nitrogen, TN, and TP were approximately
96.4%, 98.9%, 86.4%, and 94.2%, respectively,
compared with the activated sludge that was not exposed to a magnetic field (90.7%, 78.4%, 53.5%, and
87%, respectively). The magnetic powder dosage
may allow microorganisms in the activated sludge to
degrade organic matter. Liu et al. [16] indicated that
magnetic powder added in the SBR can successfully
enhance the removal of ammonia nitrogen.. Ni et al.
[3] also confirmed that TN removal efficiencies increase after long-term exposure to magnetic nanoparticles. In the magnetic sludge system, the adsorption performance of TP was also better than that in
excess sludge [17]. In terms of economic utility, the
most optimal magnetic powder dosage was 0.5 g/L.

221/?:2?18;1=-?@=1:9;:77@?-9?=18:A-7
As shown in Figure 3, eliminating organic pollutants
in magnetized sludge was more effective than that in
traditional sludge under an optimal temperature. At
25 °C–30 °C, the maximum elimination percentages
of COD, ammonia nitrogen, TN, and TP were approximately 96.6%, 79.2%, 64.1%, and 90.5%, respectively. The removal rate increased as temperature increased from 15 °C to 30 °C. Sudaresan and
Philip [18] indicated that the efficiency of COD removal increases at high temperatures (25 °C–30 °C)
than at low temperatures. This result was also supported by the studies of Reyes et al. [19] and Jia et
al. [20]. Jia et al. [20] demonstrated that the removal
efficiency of NH4 +-N is 92% at 30 °C; however, the
removal efficiency is only nearly 67% at 10 °C. Song
et al. [21] reported that 30 °C is optimal for TP removal. The organic pollutant removal did not change
evidently with the increase in temperature from

  &18;1=-?@=1 1C;1=5819? Magnetized
sludge (1.5L) with 0.5 g/L magnetic powder was
added into the SBR and placed into a temperaturecontrolled water bath. The temperature was measured using a thermometer and set to 15 °C, 20 °C, 25
°C, 30 °C, and 35°C. The actual measured temperature error was ±1 °C due to the ambient temperature
and heat dissipation during heating.
 1=-?5:9?5811C;1=5819?The traditional
domesticated sludge and magnetized sludge with 0.5
g/L magnetic powder were used for the control trial.
Under the conditions of the same influent and sludge
concentrations, the effects of pollutant degradation
by traditional and magnetized sludge were compared. The total aeration time was set to 6 h. From
the start of aeration to 2 h of aeration, the mixture
was sampled every 30 min. After aeration for 2 h, a
water sample was measured every 1 h.
 -391?5/ 25170 >?=193?4 1C;1=5819?
Magnetized sludge (1.5 L) with 0.5 g/L magnetic
powder was aerated for 4 h and precipitated for 1 h
for analysis. In the sludge sedimentation stage, a
magnetic field of different strengths was applied to
the bottom. The magnitude of the magnetic field was
controlled by adjusting the current of the electromagnet. The magnetic field strengths were set to 0,
100, 200, 300, 400, and 500 Gs to investigate the effect of magnetized sludge on the removal of contaminants during the anaerobic phase under different
magnetic field sizes.

:95?:=5935905/-?:=>-9081?4:0> During
the experiment, the levels of ammonia nitrogen,
COD, total nitrogen (TN), and total phosphorus (TP)
of the reactor were monitored once a day by Nessler
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25 °C to 30 °C. Therefore, the metabolic activity of
microorganisms was maximized when the environment temperature exceeded 30 °C. Below 25 °C, the
activity and metabolism of microorganisms were affected by temperature. This effect led to low rates of
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organic matter degradation. Therefore, temperature
was a key factor affecting microbial activity, and the
temperature from 25 °C to 30 °C was optimal for organic pollution removal. 
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pollutant concentration of the mixture rose slightly.
The DO in the water gradually increased with continuous aeration. The microorganisms oxidized and
decomposed the adsorbed organic material while
continuously adsorbing the residual substances in
water. However, the oxidative decomposition rate of
microorganisms was relatively slow, and the time required was not as short as the adsorption time. When
the aeration time reached 4 h, the concentration of
organic pollutants slightly changed; thus, most of the
organic pollutants were removed. These results were
similar to those of Wu et al. [26], who argued that
the optimal aeration time of 4 h can create appropriate aerobic and anoxic regions in constructed wetlands; high removal rates of COD (97.2%), NH4+-N
(98.4%), and TN (90.6%) were achieved in their experiment.

221/?:2-1=-?5:9?581:9;:77@?-9?=18:A-7
As shown in Figure 4, the amount of organic pollutants eliminated during the first hour was high but
decreased slowly thereafter. The elimination rates of
COD, ammonia nitrogen, TN, and TP of magnetized
sludge were approximately 95.7%, 91.7%, 60%, and
98.52%, respectively, compared with those of traditional sludge (91%, 83%, 50%, and 93.6%, respectively). After a period of idle time, the sludge was in
a starved state. Within 0.5 h after the start of aeration, the activated sludge had a large specific surface
area; the surface of the sludge also had a polysaccharide mucus layer for adsorption. Under the adsorption of microorganisms, the concentrations of organic pollutants decreased rapidly, and the microorganisms continued to adsorb with a decreased adsorption rate. The specific surface area of the magnetized activated sludge was larger than that of traditional activated sludge. The adsorption of microorganisms in the magnetized activated sludge was saturated after being aerated for 1 h; by contrast, microorganisms in the traditional activated sludge were
still adsorbed. The loose organic material attached
around the sludge floc was broken by the impact of
small air bubbles with aeration. Therefore, part of the
organic material was released into the water, and the

221/?:28-391?5/25170>5E1:9;:77@?-9?=1
8:A-7 As shown in Figure 5, eliminating organic
pollutant in activated sludge exposed to a magnetic
field was more effective than that in traditional
sludge. When the applied magnetic field sizes were
200–300 Gs, the maximum elimination percentages
of COD, ammonia nitrogen, TN, and TP were 96%,
85%, 61%, and 94%, respectively, compared with
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the activated sludge that was not exposed to a magnetic field (92%, 77%, 50%, and 90%, respectively).
Similar to our experimental results, Agnieszka
Tomska and Lidia Wolny [6] reported that the COD
removal for the reactor in which the activated sludge
return is exposed to a magnetic field is as high as that
for the reactor in which the activated sludge return is
not exposed to a magnetic field. They also showed
that intensive nitrogen compound transformations
have higher nitrification rates in the reactor with installed magnets than in the reactor without magnetic
field application. Therefore, under the experimental
conditions, the effect of TN removal in the anaerobic
phase was better than that in the other magnetic field
conditions when the applied magnetic field sizes
were 200 and 300 Gs. Ji et al. [5] also found that activated sludge acclimatization and organic pollutant
biodegradation processes are simulated under a magnetic field, resulting in high efficiency of wastewater
treatment. Thus, the applied magnetic field size of
200–300 Gs was optimal for eliminating organic pollutants under the test conditions.


! '%! 

[2] Ying, C., Umetsu, K., Ihara, I., Sakai, Y. and
Yamashiro, T. (2010) Simultaneous removal of
organic matter and nitrogen from milking parlor
wastewater by a magnetic activated sludge
(MAS) process. Bioresource Technology.
101(12), 4349-4353.
[3] Ni, S.Q., Ni, J.Y., Yang, N. and Wang, J. (2013)
Effect of magnetic nanoparticles on the performance of activated sludge treatment system. Bioresource Technology. 143, 555-561.
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[5] Ji, Y.L., Wang, Y.H., Sun, J.S., Yan, T.Y., Li,
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This work studied the effect of different factors
on wastewater treated by magnetized activated
sludge. Results showed that activated sludge treated
with 0.5 g/L magnetic powder demonstrated better
effects than traditional activated sludge. At 25 °C–
30 °C, the magnetic field size was 200–300 Gs, and
the aeration time was 4 h. The effect of pollutant removal with magnetized activated sludge was effective and superior to that with traditional activated
sludge.
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economically developing countries [2]. There are as
many as 20 fractions of aflatoxins, but the most notable are aflatoxin B1 (AFB1), B2 (AFB2), G1 (AFG1)
and G2 (AFG2) [3]. Among all the fractions, AFB1
normally exists in cultures, as well as in food and
feed products in predominant amount.
Aflatoxins contaminated feed causes aflatoxicosis in broilers that results in poor feed utilization,
retarded growth, and increases birds’ susceptibility
to microbial and environmental stresses that often
causes high mortality [4]. The toxicity of aflatoxins
in poultry has been investigated for their mutagenic,
carcinogenic, teratogenic [5, 6, 7] and growth inhibitory effects [8]. The biochemical, haematological
[9, 10], immunological [11] and pathological toxic
effects [12] of aflatoxins have also been described.
Aflatoxins are also responsible for serious microscopic and gross alterations in the liver structure and
function, such as paleness, hepatomegaly, hydropic
degeneration, periportal fibrosis and bile-duct hyperplasia [13, 14, 15]. Moreover, aflatoxin intake causes
spleen and kidney lesions, unfavourable reproductive changes [16, 17], impairment of the cellular immune responses and increased vulnerability to some
ecological and infectious agents [11].
Feeding of aflatoxins containing diet to broilers
not only causes economic losses to the farmers, but
also affects the consumers’ health through the residues [18]. Previous investigations have shown that
significant amounts of AFB1 and its metabolite are
retained in broiler tissues after feeding AFB1 contaminated feed [19, 20, 21]. Available evidences
suggest that consumption of aflatoxin contaminated
animal origin food can cause suppression of vitaletheine modulator-mediated immune responses
that can affect the epidemiology of hepatitis B viral
infection and can increase the risk of other types of
fatal diseases such as cancer, tuberculosis and AIDS
[3]. Therefore, quantification of aflatoxin residues
after toxin consumption by broiler chickens is crucial from public health point of view.
A large proportion of broiler in Pakistan and
many other developing countries are produced under

'(&(
Aflatoxins are highly toxic fungal metabolites
that occur naturally in feed ingredients in various
concentrations. We investigated the effect of dietary
levels of aflatoxin B1 (AFB1) on the growth performance and tissue distribution of AFB1 and aflatoxin
M1 (AFM1) residues in broilers reared under open
house production system. One hundred and twenty
broilers chicks were randomly assigned to four diets,
containing 0 (control), 100, 200 or 400 ng/g of AFB1
for 42 days and their growth performance and meat
quality were analysed. With increasing AFB1 intake,
feed consumption, body weight gain, meat of the carcass and dressing percentage were significantly (P <
0.05) reduced whereas an increase was noted in the
feed conversion ratio (FCR) of the birds. AFB1 and
AFM1 residues were readily detectable in both liver
and muscle tissues when the birds were fed with
≥200 ng/g AFB1 in the feed. At 400 ng/g of AFB1 in
the feed, AFB1 and AFM1 residues levels in the liver
and muscles were 0.071 and 0.048 ng/g, and 0.140
and 0.061 ng/g, respectively. Overall, the concentrations of AFB1 and AFM1 were higher in the liver
compared to muscle tissues. The study revealed that
AFB1 contamination in the feed affects not only
broilers performance but also the consumers through
its residues in the poultry meat.


-+#&'
Aflatoxin, tissues, residues, broiler, growth, aflatoxin M1
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Aflatoxins are a family of highly toxic and carcinogenic fungal metabolites produced by   
  Link ex Fries and      
Speare [1]. The US Food and Drug Administration
(FDA) consider aflatoxins unavoidable food contaminants, which frequently contaminate agricultural products all over the world, particularly in the
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open house production system, in which all farm operations are manual and environmental conditions
are not completely controlled. It is expected that the
effect of aflatoxin on broiler performance and health
under the open house production system will be
more. Therefore, this work was initiated to (a) substantiate the effect of AFB1 on the performance of
broiler birds reared under open house production
system and (b) determine the residual levels of AFB1
and its metabolite M1 in the liver and muscles of
broiler chickens at different ingestion level
of the toxin.


!(& '"!(#'

$>2=.>.@6<; <3   0<;@.:6;.@21 >.@6<; 
The AFB1 was produced in rice grains by inoculating
  NRRL 2999 (Mycology Department Cultural Collection, Cranfield University, UK). One-liter Erlenmeyer flasks (n = 10), each containing 150
g of rice, were inoculated with the fungal spores (approx. 106 spores/ml) and incubated at 28°C for two
weeks [22]. Further processing was carried out according to the reported procedure [23, 24]. The successfully fermented rice was then steam heated to
kill the fungi, and to stop further production of the
AFB1. The samples were dried, ground, and the
AFB1 content was quantified in the rice powder by
reverse phase high-performance liquid chromatography (HPLC), after extraction and immunoaffinity
column clean up [25]. The AFB1 contaminated rice
was mixed with broiler starter and finisher basal rations in calculated amount to achieve the desired levels of AFB1 i.e. 100, 200 and 400 ng/g in the feed.
The control diet was tested for aflatoxin contamination, and the AFB1 content was below detectable
level.

D=2>6:2;@.905608?.;1162@.>E@>2.@:2;@? 
One hundred and twenty, healthy 1-day-old broiler
chicks (Hubbard Classic) were fed on aflatoxin free
basal diet for three days. They were then randomly
divided into four equal groups of 30 chicks each.
Each group was subdivided into 3 replicates of 10
chicks each, with a total of 12 replicate groups. The
chicks of each replicate were kept in a separate cage
(305 ×305 cm2, and 100 cm high). The cages of control and treated chicks were all housed on a litterbased floor, under standard management conditions
under an open shed. In the open shed the temperature
was partially and manually controlled. Feed and water were given    . The first group was fed
aflatoxin free feed and served as the control. The second, third and fourth groups were given diets containing 100, 200 and 400 ng/g of AFB1, respectively.
The test diets were offered for 42 days continuously.

$.>.:2@2>? ?@A1621  +2645@ 4.6;  All the
birds were individually weighed at the beginning of

the experiment. The gain in body weight was recorded on weekly interval by weighing all the birds in
a replicate group. The average weight gain for each
group was calculated by dividing the total weight
recorded for that group by the total number of birds
present.

221 0<;?A:=@6<;  The feed was offered 
   and the refusal was collected and weighed
the next morning. Feed consumption was calculated
for each group by subtracting the amount of feed refused from the amount of feed offered while the average feed intake by each bird was determined by dividing the total feed consumed by each group with
the number of birds present in that group.

221 0<;B2>?6<; >.@6< &  The FCR for
each replicate group was calculated on a weekly basis as a ratio of the amount of feed consumed to the
gain in the body weight of chicks.

FCR = Feed consumed (g)/weight gain (g)
%A.;@6@E <3 :2.@ <3 0.>0.?? .;1 1>2??6;4
=2>02;@.42  Three randomly selected birds from
each replicate group were weighed and slaughtered
at the end of the experimental period. The heads,
feet, viscera and feathers with skin were removed
and discarded. From the weight of meat of carcass
and live chicken weight, dressing percentage was
calculated [26].

     

     


    

(52   .;1 !  >2?61A2? 6; @52 96B2>
.;1:A?092?<3/><692>/6>1? At the end of the experimental period, 9 randomly selected birds from
each dietary group (3 birds per replicate) were
slaughtered, and the livers and muscles were removed. The liver and muscles of each replicate
group were pooled separately, resulting in 3 samples
of each tissue per dietary treatment. The samples
were kept in pre-labeled bags and stored at -20°C.
Aflatoxins in the tissues were extracted with dichloromethane followed by immunoaffinity column
(AflaTest®, Vicam, USA) clean up. The contents of
aflatoxin were measured using a modified procedure
[27, 28] as briefly explained below. 
Twenty-five grams of defrosted sample were
blended in 2.5 ml of 20% aqueous citric acid solution
and 5 g of diatomaceous earth. The mixture was extracted with 50 ml of dichloromethane on an automatic shaker for about 30 min at ambient temperature. The mixture was filtered and dried by the addition of 2.5 g anhydrous Na2SO4. The extract was filtered again, evaporated to dryness under vacuum at
60°C and reconstituted in 2.5 ml of methanol. Phosphate Buffer Saline (PBS) solution (12.5 ml) was
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added to it and the mixture was passed through im&') ('
munoaffinity column at a flow rate of 2 ml/min.

AFB1 was eluted from immunoaffinity column with
<1EC2645@4.6; The data showed significant
2 ml methanol into a glass vial. The eluate was evap(P<0.05) reduction in the body weight gain of broilorated to dryness with a gentle stream of N2 at 52ºC,
ers with increasing level of AFB1 in the feed (Table
derivatized with 100μl of trifluoroacetic acid for 3
1). After 42 days of feeding, the highest body weight
min, re-evaporated to dryness with N2 at 52ºC, and
(1479.22 g) was recorded for the control group,
reconstituted in 500 μl of the mobile phase for HPLC
whereas the lowest weight (1003.72 g) was noted for
analysis. An HPLC system (Waters 600E System
the birds fed with 400 ng/g AFB1 in the diet. A posController) with a fluorescence detector (Waters
itive relation existed between the rearing time and
470) was used for aflatoxin quantification. A rethe body weight gain, however, the increase in body
versed phase LC-18 column (Novapak) was used
weight with rearing time was significantly lower as
with a mobile phase consisting of a mixture of 1%
the amount of AFB1 increased in the diets. 
acetic acid: acetonitrile:methanol (50:15:35, v/v/v)

at a flow rate of 1 ml/min and fluorescence detection:
2216;@.82 The cumulative intake of feed per
Ex 365nm, Em 440nm [29]. For the determination
week increased as the birds progressed in their age
of aflatoxin M1, HPLC analysis was performed using
(Table 2). Analysis of variance revealed significant
45% methanol as the mobile phase at a flow rate of
differences in the intake of AFB1 contaminated
1 ml/min, and with the column temperature 40°C
feeds. The average feed consumption ranged from
[30].
111.97 to 1127.87, 128.01 to 1095.30, 156.67 to

810.77 and 103.43 to 776.39 g per chick per week
'@.@6?@60.9.;.9E?6? The data were subjected to
for control, 100, 200 and 400 ng/g AFB1 containing
analysis of variance (ANOVA) using statistical softfeeds, respectively. The total feed consumed per
ware package Minitab 16. Significance was declared
chick during the 42 days of experimental period was
at P<0.05. When significant results were obtained,
3307.91, 3283.23, 2752.97 and 2536.97 g for the
post-hoc analyses were carried out to compare the
control, and 100, 200 and 400 ng/g AFB1 contamidifferences among the means using Least Significant
nated feed, respectively. 
Difference (LSD) test. Each mean was calculated
from triplicate values.
(  
3320@<3 0<;@.:6;.@213221<;C2289E/<1EC2645@4.6;4 /6>1<3/><692>?056082;?
+228
;6@6.9
?@
;1
+2645@
>1
@5
@5
b
a
ab
a
36.22
83.33
100.50
120.80
270.03
403.11a
0
±1.97
±2.67
±4.98
±2.02
±2.00
±3.03
36.06
91.51a
95.48b
125.59a
270.19a
391.36b
100
±3.17
±2.00
±4.07
±4.27
±3.03
±3.03
36.03
88.65a
91.16c
116.29bc
226.54b
298.21c
200
±1.05
±4.37
±2.00
±5.00
±6.06
±8.37
37.11
65.23c
72.49d
111.25c
209.76c
251.23d
400
±2.33
±6.31
±5.11
±4.58
±8.21
±7.21
SEM
1.308
1.392
1.041
1.907
1.547
2.231
P value
0.96
P < 0.001
P < 0.001
P < 0.001
P < 0.001
P < 0.001
*
Values are means of three replicates ± SD. Means with different letters as superscripts within
different at P ≤ 0.05; SEM = Standard error of means.
#,
Live body weight

;4 4

@5
465.23a
±4.01
449.62b
±2.00
300.31c
±4.01
256.65d
±6.24
2.158
P < 0.001
a column are

6;.9
C2645@
1479.22a
±9.01
1459.81a
±8.41
1157.19b
±5.21
1003.72c
±6.22
10.715
P < 0.001
significantly

(  
3320@<3 0<;@.:6;.@213221<;32210<;?A:=@6<;4 /6>1 C228<3/><692>?056082;?
+228
A:A9.@6B2
;1
221<;?A:21


>1
@5
@5
@5
111.97c
270.87b
602.63a
3307.91a
229.40a
965.17a
1127.87a
0
±3.11
±5.87
±7.11
±1.98
±4.32
±3.28
±9.03
128.01b
225.13b
288.07a
603.50a
943.23b
1095.30b
3283.23b
100
±3.18
±3.11
±4.31
±2.63
±5.61
±6.11
±8.44
156.67a
222.73b
270.30b
556.90c
735.60c
810.77c
2752.97c
200
±1.07
±5.23
±3.82
±5.41
±6.32
±7.44
±5.23
189.57c
270.12b
561.75b
635.71d
776.39d
2536.97d
103.43d
400
±2.34
±8.24
±5.23
±4.44
±5.34
±4.32
±6.23
SEM
1.0060
0.8227
0.9507
0.7072
2.2361
0.7638
1.2261
P value
P < 0.001
P < 0.001
P < 0.001
P < 0.001
P < 0.001
P < 0.001
P < 0.001
*
Values are means of three replicates ± SD. Means with different letters as superscripts within a column are significantly
different at P ≤ 0.05; SEM = Standard error of means.
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( 
3320@<3 0<;@.:6;.@213221<;&<3/><692>?056082;?
 
;4 4
0
100
200
400
SEM
P value

+228
?@


1.34c
±0.01
1.40c
±0.01
1.77a
±0.02
1.59b
±0.01
0.0273
P<0.001

;1


2.28d
±0.01
2.36c
±0.02
2.44b
±0.03
2.62a
±0.02
0.0233
P < 0.001

>1
2.24c
±0.01
2.29bc
±0.01
2.32b
±0.01
2.43a
±0.01
0.0194
P < 0.001

@5
2.23c
±0.02
2.23c
±0.01
2.46b
±0.02
2.68a
±0.02
0.0178
P < 0.001

@5
2.39c
±0.03
2.41c
±0.03
2.47b
±0.03
2.53a
±0.01
0.0158
P < 0.001

@5
2.42c
±0.01
2.44c
±0.01
2.70b
±0.01
3.03a
±0.02
0.0212
P < 0.001

!2.;&
2.24c
±0.02
2.25c
±0.03
2.38b
±0.02
2.53a
±0.01
0.0222
P < 0.001

*Values are means of three replicates ± SD. Means with different letters as superscripts within a column are significantly
different at P ≤ 0.05; SEM = Standard error of means.


( 
3320@<3 0<;@.:6;.@213221<;:2.@4.;11>2??6;4=2>02;@.42<3
0.>0.??<3/><692>?056082;?
 <;0 ;4 4

6B2+2645@
!2.@<3.>0.??
>2??6;4$2>02;@.42
1481.67a
999.69a
67.47a
0
±1.92
±2.19
±0.20
1425.01b
950.69b
66.71a
100
±4.00
±5.09
±0.17
1135.33c
680.54c
59.94b
200
±10.08
±3.00
±0.27
991.33d
510.36d
51.48c
400
±6.11
±5.03
±0.19
SEM
3.6339
2.3271
0.1209
P value
P < 0.001
P < 0.001
P < 0.001
*
Values are means of three replicates ± SD. Means with different letters as superscripts within a column are significantly
different at P ≤ 0.05; SEM = Standard error of means.

minimum (51.48%) for those fed with diet containing 400 ng/g AFB1. However, the dressing percentage of birds fed with diet containing 100 ng/g AFB1
was not different (P > 0.05) from the control.

221 0<;B2>?6<; >.@6<  The data on FCR
showed significant (P<0.05) variations due to the
levels of AFB1 in the diet (Table 3). The average
FCR of 400 ng/g AFB1 containing feed was found
highest (2.53) followed by 200 ng/g AFB1 containing feed (2.38). The lowest feed conversion ratio
(2.24) was examined for the control feed. Rearing
time also had significant effect on the FCR of birds
fed with different level of AFB1 (Table 3). The highest FCR (3.03) was shown by 400 ng/g AFB1 containing feed at week 6th whereas the lowest FCR
(1.34) was shown by control feed during the 1st week
of the trial period. 

!2.@<30.>0.??.;11>2??6;4=2>02;@.42 Table 4 summarizes data on the average live weight
gain, carcass weight and dressing percentage of
broilers fed with different levels of AFB1 in the diet.
Carcass weight varied (P<0.05) due to AFBI content
of the diet. Highest carcass weight (999.69 g) was
observed in broiler birds fed with control feed,
whereas the lowest carcass weight (510.36 g) was
recorded for the birds fed with highest (400 ng/g)
level of AFB1. 
Dressing percentage also showed similar response and decreased as the level of AFB1 in the feed
increased. Maximum dressing percentage (67.47%)
was calculated for birds fed with control diet, while

( 
39.@<D6; >2?61A2?6;@5296B2>.;1:A?092?<3
/><692>056082;?321<; 0<;@.:6;.@213221
3<> 1.E?
 <;0 
;4 4
0
100
200
400

 >2?61A2?;4 4
6B2>
!A?092?
ND
ND*
0.004±0.002
ND
0.050±0.013
0.020±0.010
0.071±0.011
0.048±0.010

Data are expressed as mean ± SD of triplicate analysis
*
ND, non-detectable limit (0.001 ng/g)

  .;1 !  >2?61A2? 6; @52 96B2> .;1
:A?092?<3/><692>/6>1? The content of AFB1 was
below the detectable level (<0.001 ng/g) in both liver
and muscles of broilers fed with control feed (Table
5). However, residues were detected in both liver and
muscles when the birds received diets that contained
≥200 ng/g AFB1. An example of AFB1 and AFM1
HPLC chromatogram is shown in Figure 1. At the
highest level (400 ng/g) of AFB1 in the feed, the residues concentration in liver and muscles were 0.071
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and 0.048 ng/g, respectively. Moreover, the concentration of AFB1 residues was higher in liver than
muscles.
Table 6 summarizes data on the AFM1, a metabolite of AFB1, residues in the liver and muscles of
broilers. No AFM1 residues were detected in liver
and muscles of birds fed with control diet. At a concentration of 100 ng/g AFB1 in the diet, the AFM1
residues were only detected in liver but not in muscles of birds. However, at a concentration of ≥200
ng/g AFB1 in the feed, AFM1 residues were detected
in both livers and muscles. The level of AFM1 residues was higher in the liver as compared to muscles
tissues.

previous findings that aflatoxin contamination in
feed caused reduced feed intake and lowered body
weight gain in broilers [31, 32, 33]. Furthermore, our
results showed that the adverse effect of AFB1 on the
production performance of broilers was much pronounced during the third to sixth week of age. The
reduced weight gain in broilers, due to feeding of
AFB1 contaminated feed, may be related to several
factors such as the reduction in feed consumption,
metabolic rate, lipid metabolism and in the synthesis
of RNA and DNA as well as to the impairment of
RNA polymerase activity [7, 34, 35]. The later lowers protein synthesis and tissue deposition consequently reducing the growth rate [36]. It was reported that dietary aflatoxins have a detrimental effect on the production of various digestive enzymes
in broiler chickens such as pancreatic amylase, trypsin and lipase. The reduction in these enzymes may
be due to the decreased amount of protein synthesis
[37]. In an investigation it was reported that the reduced rate of body weight gain in broilers and pigs
depended on the levels of aflatoxin in the diet [38].
They suggested that each ng/g increase of aflatoxin
in broiler diet would reduce the growth rate by 5%.
In the present study, the increase in AFB1 content in
poultry feed resulted in a consistent increase in FCR,
which showed that the efficiency of feed utilization
for gain in body weight of the chicks was decreased. 

')''#"

3320@ <3 162@.>E   <; /><692>?G =2>3<>
:.;02 The present study demonstrated that AFB1
adversely affected the feed intake, body weight gain,
feed conversion ratio and meat of carcass of broiler
under open house production system. Maximum reduction in the body weight gain was recorded when
the feed contained the highest amount (400 ng/g) of
AFB1. Similar results were noted for feed consumption of broilers. Our results are consistent with the

( 
39.@<D6;! >2?61A2?6;@5296B2>.;1:A?092?<3/><692>056082;?321<; 0<;@.:6;.@21
32213<> 1.E?
39.@<D6;! >2?61A2?;4 4
 <;0 
;4 4
6B2>
!A?092?
0
ND
ND*
100
0.010±0.002
ND
200
0.091±0.010
0.010±0.002
400
0.140±0.020
0.061±0.010
Data are expressed as mean ± SD of triplicate analysis
*
ND, non-detectable limit (0.001 ng/g)

)& 
$ 5><:.@<4>.:<3 .;1! A?6;4:</692=5.?20<:=<?21<3
.02@60.061.02@<;6@>692:2@5.;<9  B B B 
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the poultry birds but also affecting the consumers
through its residues in poultry meat.

In the present study, the dressing percentage
and carcass yield linearly decreased with increasing
AFB1 content in feed, which is consistent with the
previous findings [24, 30, 31]. The reason may be
attributed to the fact that the main target organs of
aflatoxin were the liver, kidney and the organs related to the immune system, which ultimately reduced the efficiency of feed conversion into animal
products [39]. The literature suggests that aflatoxin
contamination in poultry feed results in anorexia,
listlessness, lowered growth rate, poor FCR, increased vulnerability to microbial and environmental
stresses all of which reduce the growth performance
of the birds [9, 15].

  .;1 !  >2?61A2? 6; @52 96B2> .;1
:A?092?<3/><692>? Residual level of AFB1 in the
liver of broilers was comparatively higher than that
in the muscles. AFB1 residues were detected in broilers tissues only when they were fed with AFB1 in the
feed; the residues were missing in the control group.
Minimum residues were detected in the liver when
the level of AFB1 in the feed was 100 ng/g, while, at
the same level, no residues were detected in muscles.
However, at higher concentration of AFB1 in feed,
residues were detected in both liver and muscles of
broilers. Our results are supported by the earlier
study that the level of AFB1 residues in the liver were
higher than those in muscles [19, 20, 30, 40, 41, 42]. 
Similar results were obtained for AFM1 residues. The AFM1 residues were detected only in the
liver and muscles of broilers fed with 200 ng/g of
AFB1 in the feed whereas at 100 ng/g AFB1 in the
feed, residues of M1 were detected only in liver but
not in the muscles. Moreover, at a detectable level,
the liver contained comparatively higher amount of
AFM1 than muscles. Our results support the previous
findings that AFM1 accumulated more in the liver
than in muscles [20, 22, 30, 40, 41].
Aflatoxin M1 is formed from AFB1 during its
metabolism. The previous investigations using animal models have concluded that AFM1 has hepatotoxic and carcinogenic properties [43, 44]. It has
been demonstrated that the toxicity of AFB1 in animals seems to be similar to or slightly higher than
that of AFM1. On the other hand, the carcinogenicity
of AFB1 is almost one or two times greater than that
of AFM1 [35, 45].
In conclusion, the findings of this study showed
that dietary intake of AFB1 significantly affected the
growth performance of broilers. Feed consumption,
weight gain, dressing percentage and carcass yield of
broilers were adversely affected with the increasing
level of AFB1 in the feed, whereas the FCR was increased as the amount of AFB1 increased in the diet.
Significant amounts of AFB1 and AFM1 residues
were detected in the liver and muscles tissues of the
birds when they were given higher amount of AFB1
(≥200 ng/g) in the feed. It was concluded that AFB1
contamination in poultry feed is not only affecting
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Amphiphilic copolymers are important synthetic materials due to their many properties such as
pharmaceutical applications, use as surfactants and
generally biocompatibility [1-4]. The amphiphilic
behavior of these copolymers depends on the relative
ratio and polarity of each unit in the copolymer. For
this purpose, synthetic copolymers containing poly
(ε-caprolactone) as hydrophobic and poly(ethylene
oxide) as a hydrophilic segment are highly preferred
in studies requiring biodegradability. Biodegradable
polymers are soluble in algae, bacteria, yeast, fungi,
and other microorganisms found in nature, and are
mixed into the soil in a short time of 1 to 6 months
[5]. The copolymers of PCL, which is a semi-crystalline, have increased interest due to its controllable
biodegradability [6-9]. Ring-opening polymerization is one of the methods for preparing of these copolymers using benzyl alcohol as an initiator and
Stannous octoate [Sn (Oct)2] as catalyst [10].
Soil salinity is one of the important factors affecting plant growth and metabolism, especially in
arid and semi-arid regions [11-13]. Salinity has a serious effect on plant germination and product efficiency as a result of abiotic stress in the plant. High
salt concentration leads to an imbalance of cellular
ions. It reduces the photosynthesis by producing
toxic effects on enzymes and genes.
Superoxide, hydrogen peroxide and hydrogen
radicals such as by creating by-products cause the
formation of destructive products [14, 15]. Osmotic
stress occurs in the plant with an increasing amount
of NaCl. As a result, water, ion, and mineral intake
is reduced [16]. Also, salinity leads to morphological, physiological and biochemical changes in plants
[17].
Sunflower is an important ornamental plant as
well as a highly efficient and high- quality vegetable
oil source used in chemical and industrial fields. This
plant is resistant to high temperatures in the soil and
high salinity [18-21].
In recent years, with the increase in the population worldwide and the decrease in the agricultural
areas, salty land areas are increasing. Therefore, it is
quite important to increase the quantity and quality

Salt stress is one of the most important environmental factor limiting plant growth and causing serious agricultural problems in the world. Biodegradable
poly(ethylene
oxide)-co-(ε-caprolactone)
poly(EO-co-ε-CL) copolymer synthesized by ringopening polymerization (ROP) have been used to reduce this negative effect. For the characterization of
this copolymer, the Fourier Transform Infrared (FTIR), Proton Nuclear Magnetic Resonance (1HNMR), Differential Scanning Calorimetry (DSC)
and Thermogravimetric Analysis (TGA) techniques
were used. To investigate the impact of copolymer
and salt (200 mM NaCl) singly and in combination,
on two different sunflowers ( "#! ##! L.
cv. ‘Düet’ and "#! ##! L. cv. ‘Meteor’) a
series of experiments were established. In the seedlings grown for 21 days, differences in some metabolic parameters such as chlorophyll-a (Chl-a), chlorophyll-b (Chl-b), carotenoids (Car), total chlorophyll (Chl), total carbohydrate content, and
malondialdehyde (MDA) content were examined.
According to the result of our study, after the application of NaCl and poly(EO-co-ε-CL), significant
changes were observed in the studied biochemical
parameters. It was observed that the copolymer in
both species had a healing effect against salt stress.
Application of 200 mM NaCl caused an increase in
MDA of both genotype, particularly in ‘Meteor’.
Higher Chl-a, Chl-b, total Chl, and Car contents
were observed in ‘Meteor’ as compared to that in
‘Düet’ under saline conditions. Total carbohydrate
content decreased with increasing salt stress in both
cultivars.


*)"$%
Biodegradable copolymer, sunflower, salt stress, pigment,
MDA, carbohydrate
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Spectrophotometric experiments were carried out
using UV–vis spectrophotometer SP-3000nano.

of the product in saline soils. There are many techniques to improve the salt tolerance of plants. For
this reason, in this study poly(EO-co-ε-CL) which is
amphiphilic biodegradable and biocompatible was
synthesized by ROP and was applied to two sunflower  "#! ##! L. cv. ‘Düet’ and 
"#! ##! L. cv. ‘Meteor’) seedlings in order to investigate their effect on the plants’ defence response
under salt stress. Some biochemical analyzes such
as total carbohydrate contents, lipid peroxidation,
and pigment contents were studied and compared
with the control group and polymer applied group.
The purpose of this copolymer is to use sunflower
cultivation in salty agricultural areas and to increase
its efficiency.

%<:/;; <:/+<6/7<; +7. 1:8?<2 -87.3<387; 
Sunflower (  ##!  $ * '"+ and  ##!
 $ * " +) seeds were surface using sterilized
1% (v/v) sodium hypochlorite for 10 minutes and
washed several times with distilled water and kept in
water overnight. For germination, the seeds were
sown in round pots (volume 0.46 L, 10.5 × 8 cm diameter, ten seeds/pot) filled with soil. Pots were irrigated every 3 days, with using Hoagland culture solution [22]. Plants were grown in the chamber under
the controlled condition at 23 ± 2°C room temperature and 60 % moisture. For applying salt stress treatment, pots were divided into following sections. 
(a) control (only Hoagland solution;); (b) Hoagland solution with the addition of copolymer
[poly(EO-co-ε-CL)] (c) Hoagland solution with the
addition of 200 mM NaCl, and (d) Hoagland solution
with the addition of copolymer and 200 mM NaCl
[NaCl+ poly(EO-co-ε-CL)].

393.9/:8@3.+<387./1://; The method was
assayed according to Heath and Packer (1968) [23].
Leaf tissue (0.5 g) was homogenized by adding 5 ml,
0.1 % (w/v) TCA. The homogenate was centrifuged
for 5 min (10,000 g/ 4°C). After, 2 ml of supernatant
and 2 ml of 0.5 % TBA were incubated in waterbath
at 95 °C for 30 min. (TBA was prepared in 20%
TCA). The samples were cooled in an ice-bath. The
final mixture was centrifuged for 15 min (10,000 g/
4°C). The absorbance values were measured at 532
and 600 nm by UV-spectrofotometer. Results were
presented as μmol/ MDA g-1 FW.

&$%! &"%
Ethylene oxide (EO), ε-caprolactone (ε-CL),
Stannous octoate [Sn (Oct)2], benzyl alcohol and sodium chloride (NaCl) were purchased from SigmaAldrich, and all of reagents were used as received.
"#! ##! L. cv ‘Düet’  and  ##! L.
cv. ‘Meteor’seeds were obtained from Seed Company.
%A7<2/;3;80-8985A6/: The copolymer of EO
and ε-CL [poly(EO-co-ε-CL)] was synthesized by
ring-opening polymerization, using benzyl alcohol
(0.2 g) as an initiator and Sn (Oct)2 as a catalyst. The
mixture was passed through argon gas for 10 min
and was stirred in an oil bath at 120 oC for 24 hours.
The copolymer was precipitated in n-hexane and
dried under vacuum at 45 °C for 24 h. The synthesis
procedure is summarized in Scheme1.

#316/7<+7+5A;3; Extraction and purification
of pigment content were assayed according to De
Kok and Graham (1980) [24]. The absorbance values were read at 662, 645, 470 nm according to
Lichtenthaler and Welburn (1983) [25]. 

2+:+-</:3B+<38780-8985A6/:; The infrared
absorbing efficiency of the copolymer was determined by FTIR spectroscopy (Jasco-Spectrum) in a
range from 400 to 4000 cm-1 at room temperature in
a transmittance mode. The chemical structure of copolymer was determined from 1H-NMR spectra using an AVANCE III 400 MHz Bruker, using CDCl3
as a solvent. DSC (DSC7020 (HITACHI) was employed to measure Tm of the copolymer under dynamic nitrogen atmosphere within a temperature
range from room temperature to 200 oC at a constant
heating rate of 20 oC min-1). TGA measurement was
carried out STA7300 (HITACHI) at a heating rate of
10 °C/min nitrogen atmosphere temperature range
o
C.
from
room
temperature
to
500

&8<+5 -+:,82A.:+</ +7+5A;3;  The total content of carbohydrate was found according to Rosenberg (1980) [26]. Glucose amount were calculated
corresponding to the standard values entered in the
Slide program. 
%<+<3;<3-+5 +7+5A;3;  Statistical analysis was
carried out using SPSS 19.0 software. Duncan's
(1955) and "-tests were used to find out the differences between averages ±SD. In the analyses,
p˂0.05 was considered statistically signiﬁcant [27].


%  
$37189/7371985A6/:3B+<38780"+7.J 
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carbonyl band in ε-CL [9]. The product chemical
structure resulting from the polymerization reaction
was evaluated by 1H-NMR. This characterization
was illustrated for the polymer in Figure 2. The presence of the triplet at 4.22 ppm is associated with the
protons –O- CH2– units in PEO and 3.65 ppm is
the characteristic peak for –O-CH2 – units in
PEO. 4.06 ppm -OCH2 protons and 2.38 ppm –C=O
next to ester oxygen in ԑ-CL units [2, 28]. The copolymer composition as % was calculated by the
equation given below: 

$%'&%

2+:+-</:3B+<387 985A"-8J  Figure
1 shows the chemical structure of copolymer was
characterized by FT-IR from 400 to 4000 cm-1 in
wavenumber. The peaks band at 2870 and 2947
cm-1 are corresponding to the antisymmetric and
symmetrical stretching vibration of -CH2- in the εCL unit. The peaks around 1026 and 1074 cm-1 signify the anti-symmetric C-O-C group. The high intensive band at 1730 cm-1 is characteristic for


          

        



'$ 
$%9/-<:=680985A"-8J-8985A6/:


'$ 
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temperature to 500 °C are shown in Figure 3a and
the results are summarized in Table 1. Thermogram
has clearly shown that the decomposition of the copolymer occurs in one step. The residue is 2% in the
copolymer at 500 ºC. The melting temperature (Tm)
and glass transition temperature (Tg) of the

The monomer composition data in the copolymer of EO and ε-CL system was found as 0.10 and
0.90 for EO and ε-CL, respectively.
To investigate the thermal stability of the copolymer, thermogravimetric curves recorded at a
heating rate of 10 ºC / min under nitrogen at room
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salinity caused 57% and 78% increase in MDA content for ‘Düet’ and ‘Meteor’, respectively, when
compared to the control. When poly(EO-co-εCL0.90) was applied, the MDA content was reduced
by 12% in ‘Düet’ and 17% in ‘Meteor’ compared
with salinity stress condition. These results are in a
good agreement with the results of Koca et. al.
(2006) who found a higher level of MDA under salt
stress for tomato ( % ! !#"# plant
[30]. Similarly, Puyang et al (2015) [31] and Yasar
et al. (2008) [32] found that after salinity stress treatment, MDA content increased for two Kentucky
bluegrass cultivars and green bean, respectively.

copolymer were determined by the DSC curve of
Figure 3b. Tg value of copolymer was not observed
in studied temperature range. It shows the melting
point for EO at 50 ºC and 55 ºC for ε-CL and the
melting temperatures are given in Table 1.
393.9/:8@3.+<387 MDA is often used as an
indicator of lipid peroxidation and is a measure of
membrane damage in the plant under stress conditions [13, 29]. Lipid peroxidation in leaves of both
sunflower genotypes, measured as MDA content,
was given in Fig. 4. As shown in Figures, salinity
stress increased MDA content in both cultivars. High
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energy. Triplet chlorophyll and O2 are known to
function as extinguishers. Carotenoids reduce membrane fluidity and sensitivity to lipid peroxidation
[13].Car contents of two sunflower genotypes under
the effect of salt stress, 200 mM NaCl + poly(EOco-ε-CL0.90)], poly(EO-co-ε-CL0.90)], and control
were shown in Fig. 5. It was clear that the Car contents decreased 6% and 13.41% for ‘Düet’ and ‘Meteor, respectively under high salinity compared to
control [18]. 

&8<+5 ;=1+: -87</7<;  The effect of the poly
(EO-co-ε-CL0.90) copolymer on the total sugar content under 200 mM NaCl stress during the seedling
growth in the ‘Düet’ and ‘Meteor’ was shown in Fig.
6. Total sugar content was considerably declined in
two genotypes of sunflower with the salinity stress.
Although there were no significant differences between species, the total content of sugar was observed decreased by 54.1% for ‘Düet’, 63.77% for
‘Meteor’, respectively under salt stress. Suppressed
amylase activity may be given as the cause of sugar
reduction under salt stress [42, 43]. In the sunflower
plant, it is clear that the application of EO-co-ε-CL
copolymer has been found to have a significantly improved effect on total sugar activity under salt stress
group. The amount of sugar increased by 56% for
‘Düet’ and 76% for ‘Meteor’ compared to the salt
treated group. These results are in a good agreement
with the results of many studies in literature such as
Talaat and Shawky (2014) who found a less level of
sugar under salt stress forwheat ( "# !"$#
L.) plants [44].

#316/7<-87</7< Photosynthetic pigments are
the main vehicle in which sunlight energy is captured
for photosynthesis [33]. Chlorophyll is known as the
main pigment in photosynthetic organisms and reflects the rate of photosynthesis in plants [34]. Some
studies have suggested that changing the amount of
pigment in the plant leaf will give information about
the physiological changes in the plant and may indicate the presence of stress and diseases [35, 36]. In
this study, the effects of NaCl on chlorophyll contents in sunflower of two varieties were determined
and were given in Fig. 5.Our results indicated that
salinity caused important decreases in Chl-a, Chl-b,
Car and total Chl under salt stress.Reduction of the
chlorophyll content in the leaf of the sunflower plant
in the saline environment is considered a typical oxidative stress [37]. At higher salt concentration, percent reduction in Chl-a, Chl-b, and Total Chl contents were 55.9%, 61.5%, and 69.3% for ‘Düet’ respectively while as poly(EO-co-ε-CL0.90) was applied with NaCl [200 mM NaCl + poly(EO-co-εCL0.90)], plants showed only 14.0%, 27.8% and
17.5% decline respectively. Similarly, Chl-a, Chl-b,
and Total Chl contents were decreased for ‘Meteor’
by 44.48%, 55%, and 70.3%, respectively, when
compared to control plants. These decreases are consistent with many previous studies such as studied
Taffouo et al. (2010) on  !#"  L. [3840]. Relative to control, poly(EO-co-ε-CL0.90) increased Chl-a, Chl-b, and Total Chl contents for two
cultivars. Carotenoids, known as antioxidants, have
the property to detoxify plants from the effects of reactive oxygen variaties [41]. They also collect light
energy for photosynthesis and dissipate excess
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The present study focused on the effect of
poly(EO-co-ε-CL0.90) copolymer which synthesized and characterized on two sunflower cultivars
(  ##! L. cv. ‘Düet’ and  ##! L. cv. ‘Meteor’) exposed to 200 mM salt stress. In this study, it
is clear that sunflower plants were negatively affected by salt stress and poly (EO-co-ε-CL0.90) has
played an important role in reducing this negative
impact. High salinity caused the increase in MDA
content, for ‘Düet’ and ‘Meteor’ when compared to
the control. The results showed that application of
poly(EO-co-ε-CL0.90) was declined MDA content
in both cultivars under salinity stress. Especially,
poly(EO-co-ε-CL0.90) with NaCl had more effective activities of alleviating salt stress for ‘Meteor’
sunflower seedlings than ‘Düet’. A significant reduction was observed in the content of Chl-a, Chl-b,
total Chl and Car under high salinity conditions. Interestingly, in contrast to the negative effect of the
NaCl stress on plant growth, poly(EO-co-ε-CL0.90)
provides a significant level of protection to sunflower plants from the effects of salinity. Moreover,
the effect of poly(EO-co-ε-CL0.90) and NaCl combination on the carbohydrate content in two kinds of
sunflower leaves was investigated. The results illustrated that poly(EO-co-ε-CL0.90) could protect
‘Düet’ and Meteor’ plants from salt stress damage.
This is the first manuscript explaining the
mechanism of salt tolerance and poly(EO-co-εCL0.90) in the given variety of "#! ##!
L. cv ‘Düet’ and "#! ##! L. cv ‘Meteor’.
This copolymer plays a vital role in protecting the
plants from salt stress and providing better growth of
the plant under NaCl stressed conditions. Also, it can
be used on other crops subjected to some other abiotic stress.
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industrial activities, agricultural practices, uncontrolled dumping or inappropriate waste disposal,
etc., have drawn environmental concerns due to their
ecotoxicity and synergistic effects [3-4]. In recent
years, there has been significant interest in developing various methods to remove them from contaminated soils, such as physical, chemical, biological remediation or hybrid technology [5-8].
Among the numerous methods of contaminated
soil remediation, the chemical washing/flushing
technology, which has a short operation period and
remarkable removal efficiency, has been widely
used in the remediation of polluted soils [9-10]. For
example, chelating agents (e.g. synthetic chelators
and low molecular weight organic acids) are used to
remove heavy metals and surfactants (e.g. conventional surfactants, mixed surfactants and biosurfactants) are used to remove organics. Whereas the removal of coexist contaminants from polluted fields
is more difficult than removal of the single one due
to the different property and interaction of contaminants. In recent years, joint applications of chelating
agent and surfactant have been adopted to simultaneously remove HMs and HOCs from contaminated
sites [11-14]. However, there are difficulties both in
separating and treating contaminants and in recycling washing agents when surfactant and chelating
agent are used as admixture or as individuals through
sequential washing [15-16]. Thus, alternative methods are urgently needed for remediating co-contaminated soils [17].
Sodium -lauroyl ethylenediamine triacetate
(LED3A), is a novel chelating surfactant modified
based on ED3A ligand by attaching a lipophilic hydrocarbon chain to one nitrogen atom of ED3A [18].
LED3A contains a chelating hydrophilic polycarboxylic head and a hydrophobic lauroyl tail. The
special amphiphilic structure endue both surface activity and chelation functions for it. Our previous
studies [19-22] indicate that LED3A has the potential for remediating co-contaminated soils, and has
low ecological risk due to the biodegradability [23].
Surfactants may facilitate the desorption and
transport of pollutants, however, they themselves
may be adsorbed by the soil matrix thereby decreasing their available amount and limiting their application in soil remediation [24]. The adsorption of

 !!
Adsorption kinetics and isotherms of a novel
chelating surfactant sodium -lauroyl ethylenediamine triacetate (LED3A), onto two types of soils
(SA1 and SB1) and their respective organic-matter-extracted samples (SA2 and SB2) were investigated to
get better understanding on characteristics of the
LED3A adsorption onto soil minerals and organic
matters. The experiments were conducted in batches.
The pseudo-second-order kinetic mode provided the
most accurate representation for adsorption of
LED3A onto SA1 and SB1. The isotherms of adsorption onto the soil samples were found reasonably fitted to the Langmuir equation. The maximum adsorption capacity ( m) was in the sequence of
SB2>SA2>SB1>SA1. The greater adsorption by H2O2treated soils than untreated soils indicates that the
soil minerals, especially the mineral types and content, might dominate the adsorption of LED3A,
whereas the soil organic matters would play an minor role in the surfactant adsorption. The adsorption
mechanisms were further confirmed by X-ray diffraction (XRD) patterns of the soil samples. The formation of hemimicelle via chelation between
LED3A and clay minerals is probable the primary
mechanism of LED3A adsorption, which resulted in
cooperative adsorption and the exponential increase
of adsorption amount as LED3A equilibrium concentration increased above its CMC. The results will
provide meaningful information about the behavior
and mechanism of LED3A adsorption so as to apply
LED3A to remediate soils contaminated by both organics and heavy metals.


&$
Chelating surfactant, adsorption, clay mineral, soil organic
matter
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Co-contamination caused by hydrophobic organic compounds (HOCs) and heavy metals (HMs)
is one of the important environmental pollution
forms [1-2]. Multiple pollutants resulted from
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properties of soils are presented in Table 1. The organic-matter-extracted samples were prepared as the
following procedure. 30 g soil sample was weighed
into 400 mL beaker and small amount of deionized
water was added to wetting the soil appropriately.
After 5 minutes, 50 mL of 30% H2O2 solution was
added to oxidize soil sample. The mixture was
quickly stirred using the glass rod in order to accelerate the oxidation reaction and eliminate the foam
generated from the oxidation process. This procedure was repeated several times until the soil organic
matter was completely oxidized, after which the
tested soil was washed with deionized water to remove the residual H2O2. Subsequently, it was dried
in an oven at 50 °C, ground and sieved through a
0.25-mm mesh, and placed in a brown bottle for use.
The removed organic matter samples prepared from
SA1 and SB1 were marked as SA2 and SB2, respectively.
The mineral compositions of soil samples were
determined using X-ray diffraction (XRD). The
XRD measurement were taken on a Rigaku Geiger
flex 3 kW diffractometer with Cu K radiation (λ
=1.5418 Å) generated at 40 kV and 40 mA. The diffraction patterns were collected from 2 o to 80o 2
with a scanning speed of 4° 2θ min-1.

+8%7@90%( ,=@,70,(98= The adsorption
equilibration time and kinetics studies were conducted by batch experiments. 0.5 g soil samples were
weighted into a 50-mL conical flask, to which 25 mL
of the LED3A solution (2000 mg·L-1) were added.
All aqueous solutions contained 0.01 mol·L-1
NaNO3 to maintain a constant ionic strength, and 0.1
mL NaN3 (100 mg·L-1) was added to inhibit microbial growth. The flasks were sealed with stopper and
agitated using a reciprocating shaker (SHZ-82A,
Jiangsu Danyang Experimental Instrument Plant,
China) at 150 rap within the range of reaction time
from 0 to 24 h at 25±1 °C. Samples were taken out
at desired interval and centrifuged (TD6 centrifuge,
Changsha Instrument Co., Ltd., China) at 4000
r·min-1 for 15 min. An appropriate supernatant was
taken for titration analysis as described in 2.4. A series of surfactant solutions with concentrations
spanned a large range (100-6000 mg·L-1) below and
above the CMC of LED3A were used to obtain adsorption isotherms of LED3A on soils. The solid/solution ratio was still 1:50(W/V) as mentioned above.
The reactors were equilibrated in a reciprocating
shaker at 150 rap and 25±1 °C for 12 h. Subsequently, the suspensions were centrifuged at 4000
r·min-1 for 15 min and measured the adsorption
quantity of LED3A onto soils.

surfactants to soils may cause adverse effects on surfactant-enhanced remediation (SER) operations such
as the permeability reduction of aquifers and the unavailability of adsorbed surfactants for micellar solubilization [25]. The efficacy of a surfactant based
remediation technology will depend on the distribution of pollutant in soil-water system between the
surfactant adsorbed and the surfactant in solution
(micelles) [26]. Soil minerals and soil organic matters (SOM) are two major components which closely
related to the adsorption of surfactants onto soils [2425]. In general, minerals provide surface adsorption
sites and SOM functions as an absorbent (a partitioning medium). The adsorption of conventional
nonionic or anionic surfactants by soils containing
different content of minerals or SOM have been extensively discussed in the literatures [24, 27-29].
However, to the best of our knowledge, few previous
studies have reported on the adsorption of chelating
surfactant on soils. Therefore, understanding the adsorption behavior and mechanism of LED3A onto
soils is a necessary prerequisite for further insight
into the feasibility of LED3A washing/flushing technology for co-contaminated soils.
In the present study, soils and their respective
organic-matter-extracted samples are employed to
investigate the adsorption characteristics of LED3A
onto soil minerals and organic matters by the batch
adsorption experiments. This research is focused on:
i) understanding the adsorption behavior and capacity of LED3A onto soils; ii) evaluating the relative
contribution of soil minerals and organic matters to
LED3A adsorption; iii) exploring adsorption mechanisms of LED3A by soils. The results would provide a reference of application LED3A for simultaneously removing HMs and HOCs from co-contaminated soils.


! ! 

/,0*(!8=LED3A (C20H33N2O7Na3, 95% purity) was purchased from Hangzhou Biotechnology
Co., Ltd., China. The average molecular weight of
LED3A is 482.46 g·mol-1 and the critical micelle
concentration (CMC) is 707 mg·L-1 [19]. Calcium
chloride anhydrous (CaCl2), ethylene diamine
tetraacetic acid disodium salt (EDTA), chrome black
T, ammonia, ammonium chloride (NH4Cl), sodium
nitrate (NaNO3), sodium azide (NaN3) were obtained
from Shanghai Biological Technology Co., Ltd.,
China. All of the reagents were of analytical grade
and were used as received without further purification. Deionized water was used throughout the experimental process.

%0!8= Two clean soil samples were collected
from Dingxi (SA1) and Lanzhou (SB1) City, Gansu
Province, China. The soils was air dried and sieved
through 0.25-mm mesh. The physicochemical

((!"90*(! ,9/%+8= The adsorption of
LED3A on soils was analyzed indirectly by using
classical EDTA complexometric titration with
chrome black T as indicator. The micro buret was
employed and the titration procedure was as follows.
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5 mL of supernatant sample after centrifuged in adsorption experiment was transferred into 50-mL conical flask and 5 mL of calcium chloride standard solution (0.050 mol·L-1) was added in it. After shaking
for 1 h, 2.5 mL ammonia-ammonium chloride buffer
solution (pH=10) and 2 drops of chrome black T indicator were added into the sample. The mixture was
immediately titrated with 0.02 mol·L-1 EDTA standard solution and terminated as the color changing
from wine red to blue. The control was prepared using soil-free sample. All experiments were performed in triplicate against a blank to correct the
possible interference. The solid-phase and aqueous
LED3A concentrations were calculated from the difference between its chelating amount with calcium
chloride before and after adsorption experiment. Detection limit of the method is 0.1 mg·L-1, and RSD is
less than 3%.


 "!  " 

+8%7@90%(10(,90*8=Kinetics investigation is
a good approach to determine the adsorption rate and
equilibrium time, and to reveal the surfactant adsorption process and mechanism. The effect of contact

time on the adsorption of LED3A is shown in Fig. 1.
Fig.1 indicates that the adsorbed LED3A amount on
soils increased continuously with time and reached
equilibrium at approximately 12 h. The adsorption
rate of LED3A is rapid at the initial 1 h and is followed by a slower rate.
Four kinetic equations are used to evaluate the
adsorption of LED3A [30], i.e. pseudo-first-order,
the pseudo-second-order kinetic model, the Elovich
model and the intra-particle diffusion model. The
above kinetics equations could be expressed as Eqs.
(1)-(4).
(1)
 =  (1 −  − 1 )

2 2
1 +  2
 =  +  ln 

 =

(2)
(3)

 =  1/ 2 + 

(4)
-1

where e (mg·g ) represents the equilibrium
LED3A uptake; t (mg·g-1) is the mass of LED3A
adsorbed onto soil at time (h); (h) is the contact
time; 1 (h-1), 2 (g·mg-1·h-1) and d (mg·g-1·h-1/2) are
the adsorption rate constants of pseudo-first-order,
pseudo-second-order and intra-particle diffusion, respectively; ,  and  are constants.


!
,!,*9,+@/"80*%*/,0*(!@7%@,790,8%-8%0!8(@!,8
Composition of soil particles (%)

Soil
samples

Organic
carbon (%)

pH

CEC
(cmol/kg(+))

Sand (%)

Silt (%)

Clay (%)

SA1
SB1

0.78
0.43

8.05
8.15

7.90
6.35

55.90
15.21

33.04
60.32

11.06
24.47

Surface
area
(m2/g)
4.18
12.12


40

40

(b)

(a)

30

SA1
SB1
pseudo-first-order
pseudo-second-order
Elovich

20

10

0

t (mg/g)

t (mg/g)

30

20

10

0

0

5

10

15

20

25

SA1
SB1
intra-particle diffusion

30

0

2

4

6

1/2 (h1/2)

 (h)

"
+8%7@90%(10(,90*8+(9(((+%+,!0(.-%7)%(9%8%0!8
(=@8,:+%;-0789;%7+,7@8,:+%;8,*%(+;%7+,7((+!%;0*/%+,!8)=0(97(;@(790*!,+0--:80%(%+,!
!$
0(,90*8%+,!8((+-0990(.@(7(,9,78-%7)%(9%8%0!8
0
pseudo-first-order
pseudo-second-order
Elovich
intra-particle diffusion
2000
2
2


2
1
2
2
2
e
1
e
2
d1
d2
SA1 27.534 2.713 0.9139 28.876 0.0721 0.9813 21.793 2.782 0.9206 15.296 6.043 0.9250 0.267 27.380 0.2374
SB1 32.151 3.011 0.8943 33.679 0.0687 0.9721 26.001 3.035 0.9186 17.784 7.729 0.9126 0.354 31.833 0.2313
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The fitting parameters of the adsorption kinetics models are listed in Table 2. Table 2 shows that
the coefficients 2 of the pseudo-second-order model
were higher than those of other three models, and the
values of e were closer to the theoretical values that
were calculated by the pseudo-second-order model,
indicating that the pseudo-second-order model was
most suitable to describe the adsorption kinetics of
LED3A on soil. The pseudo-second-order equation
was based on the assumption that the rate limiting
step might be chemical adsorption. Hence, the adsorption process of LED3A on soil was chemisorptions involving rate determining step surface adsorption.
To understand the rate controlling process of
LED3A on soil, the intra-particle diffusion model
was used to fit the adsorption data (Fig.1b and Table2). Fig.1b shows that the results are not linear
over the whole adsorption process, indicating that
the LED3A adsorption onto soil is not in agreement
with intra-particle diffusion over whole equilibration
period. The adsorption process tends to follow two
successive stages. As illustrated, the values of d1 are
larger than those of d2, while values of 1 are less
than those of 2. The decrease in the di value indicates that the second stage of the multi-linear plot is
the rate-limiting step [31]. The increase in the i
value reflects the increase in the thickness of the
boundary layer, which decreases the change in the
external mass diffusion and increases the change of
the internal mass transfer. The multi-linearity curve
with nonzero intercept indicated that the adsorption
process maybe a complex natural process involve
some other adsorption mechanisms along with intraparticle diffusion [32].
Soil is heterogeneity matrix which were composed of organic matter, clay mineral and oxides etc.
The adsorption of LED3A to soils is therefore related
to different compositions of soil. In Fig. 1, the equilibration adsorption amounts of LED3A followed
the order of SB1>SA1. This order did not correspond
to that of the soil organic carbon content, but appeared to depend on the clay content (or surface
area) of soils. The results suggested that LED3A adsorption on soil is more likely governed by the adsorption to clay minerals than the partitioning into
SOM. LED3A is a chelating surfactant, the complexation between its chelating hydrophilic head and soil
minerals may be a significant factors in LED3A adsorption.

+8%7@90%( 08%9/,78= The adsorption isotherms of LED3A onto soils (SA1 and SB1) and corresponding H2O2-treated soils (SA2 and SB2) are described in Fig. 2. The types of the isotherms of the
two natural soil samples and their corresponding organic-matter-extracted samples are similar to exhibiting LS-shaped curves. The isotherms reflected
three distinct regions of adsorption LED3A on soil
samples. In region @, the adsorption amount

increased proportionally with the increasing of
LED3A equilibrium concentrations at which less
than the CMC. In region A, when the LED3A concentrations in the equilibrium solution reaches a
value close to or slight higher than the CMC, the adsorption amount of LED3A on soils show an exponential growth relationship with the LED3A equilibrium concentration ranged between CMC and 4
CMC, approximately. In region B, the increases in
adsorption of LED3A are significantly getting
slower and finally exhibits a plateau in the solidphase LED3A concentration.
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In the linear adsorption stage, LED3A was adsorbed on soil mainly through two possible mechanisms. One is electrostatic attraction produced with
negatively charged hydrophilic group onto positively charged sites (e.g. –NH3+ on organic matter
and edges of clay mineral particles) [28]. The other
one is hydrogen bonding formed by hydrophilic
group of LED3A with polar groups (e.g. hydroxyl
and phenol groups) of soil humus or hydroxyl groups
on the surface of minerals and oxides [24, 33]. The
higher CMC of LED3A made it adsorbed onto soil
samples mostly as monomers and laid parallel within
low equilibrium concentration [34]. In the exponentially growth stage, there was a marked increase in
adsorption isotherms which indicated a cooperative
adsorption mechanism [33]. The phenomenon may
arise from the distribution of hydrophobic chain into
soil organic matters and the chelating of hydrophilic
group with soil clay minerals, forming a hemimicelle
at the adsorbent surface. The hemimicelle (i.e., hydrophobic monolayer) formed by the latter way display their hydrophobic tails sticking out into aqueous. As the increase of LED3A concentration, hydrophobic tails of LED3A monomers in solutions
adsorb or aggregate on the hemimicelles on soil surface through van der Walls force, hydrophobic binding or thermodynamics ways to form micelle (admicelle) or bilayers [35]. Accordingly, a plateau was
reached corresponding to a maximum adsorption
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amount with the surfactant equilibrium concentration around 4 CMC.
Adsorption isotherms play an important role in
representing how the adsorbate molecules distribute
between the solid and liquid phases under equilibrium state. The adsorption isotherms were fitted in
the Langmuir model [30] expressed as Eq. (5). and
the parameter coefficients from the equations are
presented in Table 3.

 =

the partitioning or hydrophobic interactions. As discussed above, LED3A adsorbs on soil should be
dominated by forming coordination complex or chelate through the hydrophilic head (negatively
charged ethylenediamine triacetate group) with specific surface sites on minerals. The adsorption of
LED3A on soil colloids through chelation could take
place as following reaction:
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where ≡MOH stand for bare aluminol groups
(≡AlOH), ferrol groups (≡FeOH) and silanol groups
(≡SiOH). Sites where complexation can happen include ≡MOH groups on the surface or edge of aluminium, ferric or crystals of layer silicate minerals
[33] or even the oxide-like sites on the edges of clay
platelets [36].
The increase in the adsorption amounts of
LED3A on SA2 and SB2 compared with SA1 and SB1
might be explained as following two reasons. On the
one hand, negative charges of soil surface decreased
with the removal of soil organic matter and eventually reversed to the oppositely charge due to the protonation [33], which benefit to the access and contact
of LED3A with soil surface and results in the increase of electrostatic adsorption of organic-matterextracted soil for LED3A. On the other hand, soil
mineral usually occupies a lot of active adsorption
sites, but the specific site surface interactions might
be obstructed by the soil organic matters laid over
the adsorption sites [27]. The removal of organic
matters would release the active ferric and aluminum
oxides from organic chelas, therefore more LED3A
might be adsorbed on the soils by chelation between
hydrophilic groups of LED3A and exposed active
sites.

%;7("+0--7(*90%(=The variation in the adsorption amount for H2O2 treated (SA2 and SB2) and untreated (SA1 and SB1) soil samples could be further
illustrated through the X-ray diffraction (XRD) patterns. The XRD analysis of the four soil samples are
provided in Fig. 3. As determined by XRD analysis,
the sharp strong peaks for soil indicated that soil primarily composed of quartz. The quartz contents of
SA1 and SA2 are obviously higher than those of SB1
and SB2. The characteristic peaks of illite, montmorillonite and kaolinite within the range of 2 ≤15° are
obviously exist in SB1 and SB2, whereas almost negligible clay minerals can be observed in the same
range of SA1 and SA2. Meanwhile, Fig. 3 also shows
more defined peaks of albite and calcite in SB1 and
SB2 than for SA1 and SA2. The results indicate that adsorption capacity of soil for LED3A may be correlated with the content of mineral fractions of soils.

!)
((.:07(+8%7@90%(08%9/,7@(7(,9,78-%7
)%(9%8%0!8
L
1.02×10-4
1.36×10-4
1.59×10-4
2.16×10-4

_

O

(5)

where m (mg·g-1) is the maximum adsorption
capacity of LED3A by soils; e (mg·L-1) is the equilibrium concentration of the LED3A in solution; e
is the amount of the adsorbed LED3A (mg·g-1); L
(L·mg-1) is the Langmuir constant.
Table 3 shows the calculated maximum adsorption amount of SA1, SB1, SA2 and SB2 were 105.60,
114.79, 122.86 and 135.76 mg·g-1 respectively,
which followed the order of SB2>SA2>SB1>SA1 and
consistent with the sequence of L of these four soils.
It should be noted that when L is so small that the
product L×e is negligible compared to 1 (i.e., weak
sorption), Langmuir isotherm approaches a linear
isotherm which could be written as e= de, where d
is distribution coefficient given by the product of m
and L. Even if L is sufficiently large (i.e., moderate to strong sorption), a Langmuir isotherm can be
approximated into a linear isotherm at low e [25].
Using this relationship, the d values for LED3A adsorption by different soils in a e range below the
CMC (i.e., linear adsorption stage) were determined
and showed in Table 3 also. Similar results had been
previously observed in the study of adsorption of anionic surfactant linear alkylbenzene sulfonate (LAS)
on soils [33].

Soil
SA1
SB1
SA2
SB2

_

O
O

2
0.9562
0.9415
0.9414
0.9578

Fig.2 shows the adsorption amounts of LED3A
onto soils (SA1 and SB1) less than those onto H2O2treated soils (SA2 and SB2). The difference in maximum adsorption amount between SA2 and SA1 is 9.19
mg·g-1, which for SB2 and SB1 is 12.90 mg·g-1. It is
obvious that the affinity of the organic-matter-extracted soils for LED3A is stronger than that of natural soils. These results confirmed that the adsorption of LED3A on soils mainly depended on the content of clay minerals, and the organic matter in soil
play a minor role in LED3A adsorption process, as
mentioned in 3.1. The experimental results suggested that mechanisms of LED3A adsorption on
soils of low organic carbon content (<1%) were not
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(Q, quartz; I, illite; K, kaolinite; M, montmorillonite; A, albite; C, calcite; G, goethite)


soils studied. It suggested that the number of active
surface sites of SB2 available for the LED3A adsorption is more than those of SA1, although SA1 should
be possible release more active sites considering its
relative more content of soil organic matter. Such a
discrepancy may lie in different mechanisms between oxides and clay minerals in the adsorption of
LED3A which remained to be studied further.
Launched an thorough investigation into the influence of different soil mineral compositions on adsorption will provide a general appreciation of the
mineralogical contribution to LED3A adsorption.


"  

The previous study showed that silica possesses
less reactive surface sites than aluminium and ferric
oxides [37], but the abundance of accessibility of the
surface sites on quartz (i.e. silica) for the adsorption
may explain its significant effect on the adsorption
of LED3A [38]. In addition, it is known that layered
clay minerals (e.g. montmorillonite, illite and kaolinite), usually have high adsorption reactivity for
surfactant [26]. These kind minerals consist of alumina octahedral sheet and silica tetrahedral sheet
[39], the adsorption of surfactant by them could be
attribute to the high surface specific site of aluminosilicates and the polar heads of surfactant intercalation into the interlayer of highly expandable clay
minerals (e.g. montmorillonite) [40]. Comparison
with clay minerals, the non-clay minerals albite and
calcite should contribute less adsorption capacity for
surfactant. This is likely resulted from the increased
particle size and decreased surface area for non-clay
mineral.
The results suggest that the mineral oxides was
likely less effective to the adsorption of LED3A than
clay minerals, but the adsorption of anionic surfactant LED3A can be comparable on the abundant lowsurface-area quartz and meager high-surface-area
clay mineral. When soil organic matter is removed
by H2O2 treatment, the greatest adsorption of
LED3A was obtained for SB2 with respect to the other

Adsorption of LED3A on two kinds of soils
(SA1 and SB1) and their respective organic-matter-extracted samples (SA2 and SB2) were investigated. The
pseudo-second-order kinetic mode provided the
most accurate representation for adsorption of
LED3A on soils. The isotherms were fitted well by
the Langmuir adsorption model. The adsorption capacity of LED3A by SA2 and SB2 is larger than that of
SA1 and SB1. The greatest adsorption of LED3A was
obtained on SB2. The adsorption of LED3A mainly
depended on the soil minerals, especially the mineral
types and content, and the organic matters play an
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[7] Sun, Y.B., Zhou, Q.X., Xu, Y.M., Wang, L., Ling,
X.F. (2011) Phytoremediation for co-contaminated soils of benzo[a]pyrene (B[a]P) and heavy
metals using ornamental plant Tagetes patula. J.
Hazard. Mater. 186, 2075-2082.
[8] Marchand, C., Mench, M., Jani, Y., Kaczala, F.,
Notini, P., Hijri, M., Hogland, W. (2018) Pilot
scale aided-phytoremediation of a co-contaminated soil. Sci. Total. Environ. 618, 753-764.
[9] Mao, X.H., Jiang, R., Xiao, W., Yu, J.G. (2015)
Use of surfactants for the remediation of contaminated soils: A review. J. Hazard. Mater. 285,
419-435.
[10]Dermont, G., Bergeron, M. Mercier, G., RicherLaflèche, M. (2008) Soil washing for metal removal: A review of physical/chemical technologies and field applications. J. Hazard. Mater.
152, 1-31.
[11]Zhang, W.H., Tsang, D.C.W., Lo, I.M.C. (2007)
Removal of Pb and MDF from contaminated
soils by EDTA and SDS enhanced washing.
Chemosphere. 66, 2025-2034.
[12]Yuan, S.H., Wu, X.F., Wan, J.Z., Long, H.Y., Lu,
X.H., Wu, X.H., Chen, J. (2010) Enhanced
washing of HCB and Zn from aged sediments
by TX-100 and EDTA mixed solutions. Geoderma. 156, 119-125.
[13]Wen, Y., Marshall, W.D. (2011) Simultaneous
mobilization of trace elements and polycyclic
aromatic hydrocarbon (PAH) compounds from
soil with a nonionic surfactant and [S,S]-EDDS
in admixture metals. J. Hazard. Mater. 197, 361368.
[14]Cao, M.H., Hu, Y., Sun, Q., Wang, L.L., Chen,
J., Lu, X.H. (2013) Enhanced desorption of PCB
and trace metal elements (Pb and Cu) from contaminated soils by saponin and EDDS mixed solution. Environ. Pollut. 174, 93-99.
[15]Ehsan, S., Prasher, S.O., Marshall, W.D. (2006)
A washing procedure to mobilize mixed contaminants from soil: I. Polychlorinated biphenyl
compounds. J. Environ. Qual. 35, 2146-2153.
[16]Ehsan, S., Prasher, S.O., Marshall, W.D. (2006)
A washing procedure to mobilize mixed contaminants from soil: II. Heavy metals. J. Environ. Qual. 35, 2084-2091.
[17]Ullmann, A., Brauner, N., Vazana, S., Katz, Z.,
Goikhman, R., Seemann, B., Marom, H., Gozin,
M. (2013) New biodegradable organic-soluble
chelating agents for simultaneous removal of
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[18]Wang, X., Zhao, J., Yao, X., Chen, W. (2004)
Synthesis and properties of N-hexadecyl ethylenediamine triacetic acid. J. Colloid Interf. Sci.
279, 548-551.

minor role in LED3A adsorption. The formation of
hemimicelle through complexation between chelating groups of LED3A and minerals is probable the
primary mechanism of LED3A adsorption. The
study indicated the interest of considering the chelation function and surface activity of LED3A when it
was utilized on washing/flushing process to predict
the adsorption capacity of the given soil. The obtained information will be of the particular importance for practicing LED3A as a potential washing/flushing agent in remediation of co-contaminated soils with organics and heavy metals.
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Alfalfa is one of the most important crops
mainly grown for forage and hay production in the
world. Present study was aimed to investigate the
green herbage and hay yield as well as some quality
parameters such as acid detergent fiber (ADF), neutral detergent fiber (NDF), digestible dry matter
(DDM), crude protein, dry matter contents, organic
matter, crude oil and raw fiber of 9 different alfalfa
cultivars. This study was conducted during two consecutive years (2015 and 2016) at two locations in
Turkey (Sivas -Center and Sivas-Altinoluk). The
mean values of ADF, NDF, DDM, crude protein
(CP), green forage yield and dry forage yield were
43.73%, 52.69%, 50.70%,19.71%, 59163 kg ha-1 and
13866 kg ha-1 respectively. Dry forage yield reflected a positive and highly significant correlation
with plant height, number of tillers and fresh forage
yield. The varieties called Delta and Azzura performed very well for both locations during the whole
period of study and also expressed a great level of
winter resistance. Kayseri is a local cultivar in Turkey and it is revealed to be poor in terms of all the
studied traits. According to the results of the study,
it was concluded that the cultivars, Delta and Azzura,
could be successfully grown in the continental climate regions of Turkey, and they could be also used
in the breeding program of alfalfa to develop alfalfa
varieties with high winter resistance and high yield
and quality of forage.

" #"
Forage-based animal production system is crucial for the supply of affordable and high quality
food for the human being [1]. Nutritive value of forage largely affects the performance of grazing livestocks. Apart from being a source of feed for animals, forage crops also play an important role in the
soil fertility conservation, water and enviromental
conservation [1]. Grassland agriculture system is
most important farming system reflecting the importance and utilization of grasses and legumes for
the management of land and livestock [2]. Till now,
nearly 18,000 species of Fabaceae and 10,000 species of    families has been identified. However among these, only 40 species from both familes
are most commonly used for the forage purposes [3].
Alfalfa (  
  L.) commonly known
as Lucerne is one of the most important fodder crop
of the world and belongs to   family. Alfalfa
is also known as “queen of the forages crops” due to
its higher nutritional components [4]. It is a perennial
crop having deep tap-root system and bushy growth
habit. There are paleontological evidence in the favour of alfalfa cultivation around 9000 years ago in
Persia and East Asia to central Asia is considered as
the origin center of Alfalfa [5]. Now, alfalfa is
widely distributed all over the world and USA, Argentine, Canada, Russia, China and Italy are main
alfalfa producing countries [6].
Turkey is considerend as the cradle of agriculture due to presence of higher biodiversity because
of its geographical position [7]. Among the various
cultivated grasses, Alfalfa is cultivated on a large
area in Turkey and a total of 650,111 ha area was
under cultivation during 2017 and an annual production of 15,714381 tons was recorded [8]. Alfalfa is
successfully grown in various climatical regions of
Turkey and thre is an utmost requirement for the development of improved alfalfa varities reflecting
adaptability to different environmental conditions of
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School, Cumhuriyet University (39º 42’31.39’ K,
37º 01’13.15’ D and 1271 m above the sea level) on
21th April 2015, and Sivas-Altınoluk Village (40º
01’35.01’ K, 36º 46’41.27’ D and 1368 m above the
sea level) on 22 nd April 2015, for two successive
years 2015 and 2016 (Figure 1). In the study, 9 alfalfa standard cultivars (Azzura: Italy origin, Delta:
Italy origin, Garisenda: Italy origin, Bluemoon: Italy
origin, Giulia: Italy origin, Prosementi: Italy origin,
Gea: Italy origin, Planet: Germany origin, Kayseri:
Turkey origin) were used as plant material.
Soil conditions of both locations were siltyclay-loam and slightly alkaline (pH: 7.28; SivasCenter, pH: 6.71; Sivas-Altınoluk). Lime content
was low (19.6%: Sivas-Center, 17.4%; SivasAltınoluk), salinity level was low (0.03 %: SivasCenter, 0.02%; Sivas-Altınoluk), nitrogen content
was sufficient (0.089 %; Sivas-Center, 0.093%; Sivas-Altınoluk), and phosphorus content was low
(34.0 kg ha-1; Sivas-Center, 41.0 kg ha-1; SivasAltınoluk). Soil of Research and Application Area of
Sivas Vocational School contains much higher organic matter content as compared to that of SivasAltınoluk village. Some meterological parameters
like average temperature, maximum and minimum
temperature, precipitation, snowy days, days with
frost and average relative humidity during the study
are given in Table 1. The field experiment was designed based on the randomized block design with
four replications and each plot size was 5 x 1.6 m.
Seeds of each cultivar were sown in 8 rows with a
row spacing of 20 cm. Before the sowing, each plot
was fertilized with 30 kg ha-1 N and 100 kg ha-1 P2O5.
Two times weeding was performed; firstly by hand
picking and later by hoeing. During the growing season, irrigation was perfomed 4 times in the first location (Sivas-Center), while irrigation was performed 5 times in 2nd location (Sivas-Altınoluk Village). Cutting was performed when the majority of
plants in the plots reached in early flowering stage.
At the first location (Sivas-Center), 3 cuttings were
perfomed in both years.

Turkey [9]. Production and nuterional value of alfalfa is limited by various factors like growth stage
at the time of cutting, leaf/stem ratio, climatic factors, cutting frequency and presence of pests [10].
Crude protein, acid detergent fibre (ADF), neutral
detergent fiber (NDF) contents and total digestible
nutrients are considered important determinant of alfalfa quality and playing important role in the animal
performance [11-12]. Various studies has been conducted to evaluate the adaptation, higher yield and
quality of alfalfa varieties under different environmental conditions in Turkey. A graet level of variations has been observed for the hay yield of alfalfa
in different regions of Turkey; hay yield of alfalfa
was found in a range of 7.7 t/ha to 14.6 t/ in black
sea region [13], 10.2-19.0 t/ha in Eastern Anatolia
Region [14], 15.9-22.2 t/ha in Southeastern Anatolia
Region [15], 8.7-11.1 t/ha in Central Anatolia Region [16], 11-12.7 t/ha in Aegean Region and 14.718.1 t/ha in Mediterranean Region [17], depending
on the cultivars.Yilmaz and Albayrak [18] aimed to
evaluate the performance of various alfalfa cultivars
under the western Mediterranean conditions of Turkey and found significant differences in hay yield
and some quality characters..Avci et al. [17] used 11
alfalfa lines for the investigation of their quality
traits under Mediterranean climatic conditions of
Turkey and recommended few lines for breeding
prespectives due to their higher yield and some other
quality characters.It is very important to evaluate the
performance of crop under various environmental
coditions and resulted information can be utilized for
the efficient breeding of any crop.Therefore, main
aim of this study was to investigate the yield and
some quality characteristics of 9 alfalfa cultivars under continental climate of Sivas, Turkey.
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Meterological
Parameters
2014Sivas/Center15
Avg.monthy
2015temp. (oC)
16
2014Sivas/Altınoluk
15
-Avg.monthy
2015o
temp. ( C)
16
Sivas/Center –
2014Monthly
15
Min. temp.
2015(oC)
16
2014Sivas/Altınoluk
15
–Monthly
2015Min.temp. (oC)
16
2014Sivas/Center –
15
Monthly
2015Max. temp.(oC)
16
2014Sivas/Altınoluk
15
–Monthly
2015Max.temp. (oC)
16
Sivas/Center
2014Monthly
15
2015precipitation
16
(mm)
Sivas/Altınoluk
2014Monthly
15
precipitation
2015(mm)
16
2014Sivas/Center
15
Monthly
2015snowy days
16
2014Sivas/Altınoluk
15
Monthly
2015snowy days
16
2014Sivas/Center
15
Monthly
2015sunny days
16
2014Sivas/Altınoluk
15
Monthly
2015sunny days
16
2014Sivas/Center
15
Monthly avg.
2015humidity (%)
16
2014Sivas/Altınoluk
15
Monthly avg.
2015humidity (%)
16

Sept.

Oct.

Nov.

Dec.

Jan.

Feb.

20.6

12

5.6

-1.9

-2.0

1.8

15.3

11.3

4.5

-4.1

-2.7

19.2

10.0

4.3

-1.2

14.9

10.4

5.2

8.4

-7.1

1.5

Months
March

April

May

June

July

Aug.

5.3

7.9

12.2

16.7

20.7

22.4

1.4

5.6

11.9

13.1

18.4

20.3

23.0

-1.8

2.2

6.4

8.3

11.9

17.2

19.9

23.2

-3.8

-3.1

2.1

5.9

10.2

14.3

19.1

22.1

22.6

-7.4

-10.9

-16.2

-9.2

-4.3

-4.0

4.2

10.9

5.6

7.8

-3.1

-9.7

-20.2

-17.3

-10

-7.8

-2.7

2.7

5.9

8.7

8.0

7.1

-6.0

-8.2

-11.3

-15.8

-7.4

-5.6

-3.8

2.3

12.3

7.4

9.8

1.5

-3.1

-9.7

-20.2

-17.3

-10.0

-7.8

-2.7

3.1

4.8

6.3

8.0

33.9

24.4

20.3

10.5

10.2

14.7

20.1

24.1

29.2

28.8

38.1

36.7

32

27.9

21.1

6.8

11.2

15.6

20.7

26.1

25.6

25.5

35.9

37.8

30.3

26.2

19.4

9.3

13.1

15.1

21.6

22.4

28.6

29.2

36.2

35.3

29.7

25.8

22.7

7.2

12.8

14.9

19.8

25.3

24.2

26.2

34.1

36.8

4.2

37.4

15.3

19.8

44.5

36.5

55.9

36.4

79.7

38.0

0.0

4.5

12.3

5.8

3.0

44.8

83.7

46.4

58.5

23.7

154.8

35.1

26.4

0.1

5.9

42.3

18.7

14.2

58.3

46.8

60.1

40.3

66.8

40.2

2.3

2.1

17.3

9.2

6.2

38.3

78.1

52.9

48.6

35.4

138.7

28.5

17.2

0.0

-

-

2

4

6

3

-

-

-

-

-

-

-

-

4

7

8

4

-

-

-

-

-

-

-

-

14

12

18

9

5

-

-

-

-

-

-

-

11

18

13

16

9

-

-

-

-

-

-

-

7

17

19

20

14

-

-

-

-

-

-

-

9

21

23

19

17

-

-

-

-

-

-

-

12

19

16

16

17

-

-

-

-

-

-

-

7

16

17

20

12

-

-

-

-

-

44.2

68.9

64.2

78.8

76.1

73.0

66.7

59.0

60.2

63.7

50.3

51.2

45.0

67.6

68.4

79.0

78.4

76.7

75.3

48.8

66.0

65.2

48.4

49.2

40.9

64.2

61.8

70.0

69.8

70.2

62.1

52.9

56.8

59.4

47.6

49.3

39.5

66.2

64.5

72.8

73.9

72.5

70.1

44.9

59.7

67.8

46.9

45.2

*. Meteorology Regional Directorate, Sivas

At the second location (Sivas-Altınoluk), the
plots were cut three times in the first year while four
cuttings were made in the second year by accounting
an area of 0.20 x 6 x 4 = 4.8 m2 in each plot for harvesting and and harvested green forage from each
plot was weighed. During this study, harvesting was
carried out at 10% flowering by following Manga et
al. [19]. The harvested herbage from each plot was

weighed to get green herbage yields. Then, plot herbage yields were converted into yields per hectare.
From each green herbage harvest, 0.5 kg was dried
at 70 °C for 48 h. Dried samples were weighed to get
dry herbage yields of the plots. Then, these values
were also converted into dry herbage yields per hectare and then subsamples were taken for chemical
quality analysis.
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Varieties
Azzura
Delta
Garisenda
Bluemoon
Giulia
Prosementi
Gea
Planet
Kayseri
Mean
LSD (0.05)
CV (%)

2015
71.7 a
69.1 b
64.4 c
63.3 c
68.1 b
67.3 b
59.1 d
63.3 c
63.6 c
65.5
2.51**
2.62

Sivas/Center
2016
73.6 a
74.3 a
70.8 ab
68.5 ab
72.4 ab
73.6 a
67.7 b
70.4 ab
68.6ab
71.1
5.81*
4.16

Plant height (cm)
Sivas/Altınoluk
2015
2016
80.5 a
79.7
79.6 a
80.5
73.9 b
78.9
76.9 ab
78.1
77.2 ab
77.2
75.1 ab
78.5
79.4 ab
80.7
77.8 ab
79.6
75.7 ab
76.3
77.3
78.8
5.49*
ns
3.62
3.48

Mean
72.6 a
71.7 a
67.6 bc
65.9 cd
70.3 ab
70.4 ab
63.4 d
66.8 b-d
66.1 cd
68.3
4.04**
4.17

Mean
80.1
80.0
76.4
77.5
77.2
76.8
80.1
78.7
76.0
78.1
ns
4.10

General Mean
76.4 a
75.9 a
72.0 b
71.7 b
73.7 ab
73.6 ab
71.7 b
72.8 b
71.1 b
73.2
2.66**
0.41

*: P< 0.05, **: P< 0.01, ns: nonsignificant

and both locations is given in Table 2. During 2015,
maximum plant height (71.7 cm) was obtained from
cultivar Azzura and minimum (59.1 cm) plant height
was observed with Gea cultivar at the first location
(Sivas-Centre). However, throughout 2016, it was
Delta cultivar that showed the maximum plant height
of 74.3 cm. Again in 2016, Gea cultivar resulted in
the minimum plant height 67.7 cm. At the second location (Sivas/Altınoluk) during 2015, maximum
plant height (80.5cm) was recorded with Azzura cultivar and minimum plant height 73.9 cm was observed with Garisenda cultivar. During 2016, maximum (80.1 cm) and minimum plant height (76.0 cm)
were recorded with Gea and Kayseri cultivars.
Stem thickness is an important characteristic
playing efficient role in the yield of any crop and the
stem thickness of cultivars in the study is represend
by Table 3. Among the 9 cultivars, 2 cultivars (Delta
and Planet) produced maximum and similar stem
thickness (2.9 mm), while Gea cultivar produced
minimum stem thickness (2.57 mm) during 2015 at
the first location. During 2016 at first location, Azzura and Delta cultivars produced maximum stem
thickness of 3.10 mm and Prosementi cultivar resulted in minimum (2.80 mm) stem thickness. Similarly, at the second location (Sivas/Altınoluk) during 2015, maximum stem thickness was 4.1 mm observed with Giulia cultivar while minimum stem
thickness was 3.4 mm resulted by Prosementi and
Planet cultivars. Azzura, Delta and Giulia cultivarss
produced maximum 4.1 mm stem thickness and
Planet cultivar produced minimum (3.4 mm) stem
thickness.
Maximum numbers of tillers per plant in the
first location during 2015 were produced by Delta
cultivar and minimum number of tillers (7.3 number/plant) were produced by Bluemoon, Giulia and
Prosementi cultivars (Table 4). At the same location
during 2016, differences among the cultivars for this
trait were not significant. Hence, maximum numbers
of tillers (9.3 number/per plant) were produced by
Azzura and Delta cultivars. At Sivas/Altınoluk during 2015, the number of tiller per plant was not significantly affected over years.

At the end of winter season and early spring
(especially March), the study materials in the field
were scanned with visual observation for winter hardiness scores using 10–100% scale. (70–100% survival, no any damage visible on plant foliar in parcel,
40–69.9% tolerant, light foliar damage and up to
25% plant killing in plot, 10–39.9% susceptible, severe foliar damage and up to 100% plant killing).All
morphological properties were measured over 10
randomly selected plants. The agronomic traits were
measured in 2015 and 2016 since optimum forage
production potential of alfalfa could not be achieved
for development of its root system in first experimental year.

/,0*(! (((!?#0# For the determination of
dry matter (DM), samples were firstly dried at 105
°C overnight and reduced to ash by igniting the samples in a muffle furnace at 525 °C for 8 h. Kjeldahl
method [20] was used for the determination of nitrogen (N). Crude protein ratio was calculated by multiplying the N content with 6.25. ADF, NDF were
determined according to the methodology of Jung
and Lamb [21]. DDM was measured by following
equation DDM = 88.9 – (0.779 x ADF) [22].

!-(-0#-0*(!(((!?#0#Analysis of variance was
performed by using the MSTAT-C statistical analysis program (Randomized complete block design
combined over locations and years, same locations
and randomization each year / perennial crops). The
differences were compared by applying Duncan’s
(5%) multiple range test. Coefficients of correlation
(r) were calculated for herbage yield, hay production
and different quality components.


!#"!

.%(%0* -(0-# During this study, various
agronomic and qualitative characteristics were observed in 9 alfalfa cultivars and a good level of variations were observed for plant heightfor both years
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Varieties

Sivas/Center
2015
2016
Azzura
2.85 ab
3.10
Delta
2.90 a
3.10
Garisenda
2.73 a-c
3.00
Bluemoon
2.75 a-c
2.90
Giulia
2.80 ab
3.00
Prosementi
2.65 bc
2.80
Gea
2.57 c
2.90
Planet
2.90 a
2.90
Kayseri
2.87 a
2.90
Mean
2.78
2.90
LSD (0.05)
0.22*
ns
CV (%)
5.32
4.75
*: P< 0.05, **: P< 0.01, ns: nonsignificant

Mean
2.95 a
2.97 a
2.85 ab
2.83 ab
2.90 ab
2.74 b
2.73 b
2.92 b
2.90 ab
2.86
0.19**
4.64

Stem thickness (mm)
Sivas/Altınoluk
2015
2016
3.90 ab
4.20 ab
4.03 a
4.23 a
3.77 bc
3.93 b-d
3.55 cd
3.80 c-e
4.05 a
4.15 ab
3.43 d
3.63 ef
3.90 ab
3.97 a-c
3.35 d
3.40 f
3.55 cd
3.65 d-f
3.72
3.88
0.23**
0.28**
3.21
3.64

Mean
4.05 a
4.13 a
3.85 bc
3.67 cd
4.10 a
3.53 de
3.94 ab
3.37 e
3.60 d
3.80
0.19**
3.53

General Mean
3.50 a
3.60 a
3.40 b
3.30 bc
3.50 a
3.10 c
3.30 b
3.10 c
3.30 bc
3.34
0.13**
4.01

" 
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Varieties
Azzura
Delta
Garisenda
Bluemoon
Giulia
Prosementi
Gea
Planet
Kayseri
Mean
LSD
(0.05)
CV
(%)

Number of tillers
Sivas/Center
Sivas/Altınoluk
2015
2016
Mean
2015
2016
Mean

Gen.
Mean

8.3 ab

9.3

8.8 ab

9.0

9.8 ab

9.4 ab

9.1 ab

8.0 c

8.5 c

8.3 c

4.0 cd

3.5 c

3.8 cd

6.0

9.0 a

9.3

9.1 a

9.3

10.0 a

9.6 a

9.4 a

8.0 c

8.8 bc

8.4 c

3.5 d

3.3 c

3.4 d

5.9

8.0 bc

8.8

8.4 a-c

8.5

9.3 a-c

8.9 a-c

8.6 a-c

10.3 a

10.3 a

10.3 a

4.3 cd

3.8 bc

4.0 cd

7.1

Sivas/Center
2015
2016
Mean

Thinning ratio
Sivas/Altınoluk
2015
2016
Mean

Gen.
Mean

7.3 c

7.8

7.5 c

9.5

9.5 ab

9.5 ab

8.5 bc

8.5 bc

8.8 bc

8.6 c

3.8 cd

3.5 c

3.6 d

6.1

7.3 c

7.8

7.5 c

8.3

8.8 a-c

8.5 a-c

8.0 c

10.3 a

10.5 a

10.4 a

3.5 d

3.3 c

3.4 d

6.9

7.3 c

8.0

7.6 c

8.3

8.5 bc

8.4 bc

8.0 c

10.3 a

10.5 a

10.4 a

5.3 bc

4.3 bc

4.8 bc

7.6

7.5 bc
8.0 bc

8.5
8.5

8.0 bc
8.3 a-c

8.5
8.3

8.5 bc
8.8 a-c

8.5 a-c
8.5 a-c

8.3 c
8.4 bc

9.5 ab
8.8 bc

9.8 ab
9.5 a-c

9.6 ab
9.1 bc

4.5 b-d
6.0 ab

4.0 bc
4.8 ab

4.3 cd
5.4 ab

6.9
7.3

7.5 bc

8.0

7.8 bc

7.8

8.0 c

7.9 c

7.8 c

9.5 ab

10.0 a

9.8 ab

7.0 a

5.8 a

6.4 a

8.1

7.8

8.4

8.1

8.6

9.0

8.8

8.4

9.2

9.6

9.4

4.6

ns

1.11**

ns

1.48*

1.22**

0.73**

1.08**

1.13**

0.93**

1.55**

4.3
1.01*
*

6.9

0.88 **

4.0
1.15*
*

7.78

8.36

9.62

7.83

8.42

9.72

8.72

8.08

6.01

6.95

17.01

14.68

16.33

7.43

ns

*: P< 0.05, **: P< 0.01, ns: nonsignificant

Azzura and Bluemoon cultivar showed 91.0%
and 89.5% winter survival in 2015 respectively (Table 8). Both of these genotypes behaved similarly for
winter survival in 2016. For the mean of two years,
the maximum value were found in Azzura cultivar
(91.3%) and minimum value was produced by
Bluemoon cultivar (89.6%) for winter survival at
central region of Sivas. At the second location during
2015, Delta and Planet were the cultivars producing
96.5% and 93% winter survival respectively (Table
5). During the second year, maximum survival
(96.5%) was produced by Delta and Prosementi.
Minimum winter survival (94.3%) was observed
with the Planet cultivar.
During 2015 at the first location, maximum
(48678.0 kg ha-1) and minimum (33038.0 kg ha-1)
fresh forage yield was produced by Delta and Kayseri cultivars respectively (Table 9, Figure 2). Azura
and Kayseri also gave maximum and minimum forage herbage yield with 54885.0 kg ha-1 and 42178.0
kg ha-1 respectively at the same location in 2016. According to the mean of two years, the fresh forage

However, the number of tiller varied between
7.8 number/plant (Kayseri) and 9.5 number/plant
(Bluemoon). At the same location in 2016, Delta had
the highest value, which is 10 number/plant and the
lowest value for this trait was determined in Kayseri
as 8 number/plant.
Maximum thinning ratio (10.3%) in the first location (Sivas/Merkez) during 2015 was found in
Garisenda, Giulia and Prosementi cultivars (Table 4)
and minimum thining ratio (8%) was found in Azzura and Delta cultivars. Bluemoon and Prosementi
cultivars showed maximum thining ratio of 10.5%
and minimum 8.5% was observed in Azzura cultivar
at the same location in 2016.
At the second location (Sivas/Altınoluk) during
2015, Kayseri cultivar showed maximum thining ratio (7.0%) and minimum value (3.5%) was found in
Delta and Giulia cultivars. In addition, the similar
pattern was observed during 2016 and maximum
thining ratio (5.8%) was produced by Kayseri cultivar and minimum value (3.3%) was observed in
Delta and Giulia cultivars.
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yield was higher in Delta cultivar (53478.0 kg ha-1)
and lower in Kayseri cultivar (37608.0 kg ha-1) than
other cultivars. At the second location during 2015,
Delta and Kayseri cultivars produced maximum
(78150.0 kg ha-1) and minimum (63100.0 kg ha-1)
fresh forage yield (Table 5). However, in 2016 at the
second location, it was Azzura cultivar that produced
maximum (78613.0 kg ha-1) fresh forage yield and
Kayseri cultivar gave minimum (66173.0 kg ha-1)
fresh forage yield. Average fresh forage yield at the
second location for both years was found higher

(78380.0 kg ha-1) in Delta cultivar while Kayseri cultivar gave less fresh forage yield (64636.0 kg ha-1)
for both years.
Maximum (11195.0 kg ha-1) and minimum
(8743.0 kg ha-1) dry forage yield at the first location
during 2015 was produced by Azzura and Planet cultivars respectivlycultivars, and (Table 7, Figure 3).
During the second year, Azzura cultivar resulted in
maximum 12643.0 kg ha-1 and Kayseri cultivar resulted in minimum 10198.0 kg ha-1 dry forage yield.
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Varieties
Azzura
Delta
Garisenda
Bluemoon
Giulia
Prosementi
Gea
Planet
Kayseri
Mean
LSD (0.05)
CV (%)

2015
91.0
90.5
90.3
89.5
90.3
90.0
90.0
89.8
90.0
90.1
ns
0.78

Sivas/Center
2016
91.5
90.8
90.0
89.8
90.5
90.5
90.3
90.3
90.5
90.4
ns
0.77

Mean
91.3 a
90.6 ab
90.1 b
89.6 b
90.4 ab
90.3 ab
90.1 b
90.0 b
90.3 ab
90.3
1.03**
0.80

Winter Resistance (%)
Sivas/Altınoluk
2015
2016
95.3 ab
96.3 a
96.5 a
96.8 a
96.0 a
96.5 a
95.3 ab
95.8 ab
93.8 bc
94.8 bc
93.8 bc
94.3 c
95.0 ab
95.5 a-c
93.0 c
94.3 c
93.8 bc
94.8 bc
94.7
95.4
1.61**
1.43**
0.86
0.76

Mean
95.8 ab
96.6 a
96.3 ab
95.5 b
94.3 cd
94.0 d
95.3 bc
93.6 d
94.3 cd
95.1
1.12**
0.83

General Mean
93.5 a
93.6 a
93.2 ab
92.6 b-d
92.3 cd
92.1 cd
92.7 bc
91.8 d
92.3 cd
92.7
0.75**
0.81

*: P< 0.05, **: P< 0.01, ns: nonsignificant
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Varieties
Azzura
Delta
Garisenda
Bluemoon
Giulia
Prosementi
Gea
Planet
Kayseri
Mean
LSD (0.05)
CV (%)

2015
48470.0 a
48678.0 a
42133.0 b
41575.0 b
40043.0 b
41780.0 b
40375.0 b
41080.0 b
33038.0 c
41908.0
417.3**
5.07

Sivas/Center
2016
54885.0 ab
58278.0 a
49818.0 bc
49280.0 bc
47075.0 cd
48918.0 c
48510.0 c
46303.0 cd
42178.0 d
49471.0
511.3**
5.26

Mean
51678.0 a
53478.0 a
45975.0 b
45428.0 b
43559.0 b
45349.0 b
44443.0 b
43691.0 b
37608.0 c
45690.0
404.3 **
6.25

Fresh Forage Yield (kg ha-1)
Sivas/Altınoluk
2015
2016
77938.0 a
78613.0 a
78150.0 a
78610.0 a
75535.0 a-c
77728.0 a
67158.0 dc
67710.0 b
76665.0 ab
74538.0 a
70450.0 b-d
72548.0 ab
70178.0 b-d
71873.0 ab
68685.0 c-e
71818.0 ab
63100.0 e
66173.0 b
71984.0
73290.0
704.1**
682.5**
4.98
4.74

*: P< 0.05, **: P< 0.01, ns: nonsignificant
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Mean
78275.0 a
78380.0 a
76631.0 ab
67434.0 cd
75601.0 ab
71499.0 bc
71025.0 b-d
70251.0 b-d
64636.0 d
72637.0
677.4**
4.75

General Mean
64976.0 a
65929.0 a
61303.0 b
56431.0 d
59580.0 bc
58424.0 cd
57734.0 cd
56971.0 c
51122.0 d
59163.0
339.5**
5.77
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Varieties
Azzura
Delta
Garisenda
Bluemoon
Giulia
Prosementi
Gea
Planet
Kayseri
Mean
LSD (0.05)
CV (%)

2015
11195.0 a
10383.0 ab
9313.0 bc
9808.0 a-c
9250.0 bc
9985.0 a-c
9238.0 bc
8743.0 c
8873.0 bc
9643.0
160.6 **
8.49

Sivas/Center
2016
12643.0
12195.0
11245.0
11830.0
11590.0
12258.0
12623.0
11088.0
10198.0
11741.0
ns
7.46

Mean
11919.0 a
11289.0 ab
10279.0 bc
10819.0 a-c
10420.0 a-c
11121.0 a-c
10930.0 a-c
9915.0 bc
9535.0 c
10692.0
160.0**
10.54

Fresh Forage Yield (kg ha-1)
Sivas/Altınoluk
2015
2016
20000.0 a
19435.0 a
19585.0 a
19243.0 ab
18088.0 ab
18848.0 a-c
16228.0 bc
16868.0 a-d
19323.0 a
18323.0 a-c
15760.0 b-d
16630.0 b-d
14823.0 cd
16218.0 cd
14253.0 cd
15538.0 d
13388.0 d
14180.0 d
16827.0
17253.0
262.1**
271.0**
7.93
8.00

Mean
19718.0 a
19414.0 a
18468.0 a-c
16548.0 b-d
18823.0 ab
16195.0 c-e
15520.0 de
14895.0 de
13784.0 e
17040.0
260.3**
7.78

General Mean
15818.0 a
15351.0 ab
14373.0 b-d
13683.0 cd
14621.0 a-c
13658.0 cd
13225.0 de
12405.0 ef
11659.0 f
13866.0
117.5**
8.54

*: P< 0.05, **: P< 0.01, ns: nonsignificant

and Planet cultivars respectively at Sivas center during 2015. During 2016, Gea and Keyseri genotypes
produced 48.85% and 41.49% maximum and minimum ADF respectively. Neutral detergent Fiber
(NDF) during 2015 was found higher (55.12%) in
Gea cultivar and the lower (50.43%) in Azzura cultivar. Prosementi and Planet were genotypes producing 55.84% and 50.63% maximum and minimum
NDF respectively. Digestible dry matter (DDM) was
found maximum (55.19%) in Azzura cultivar and
minumum (43.77%) in Gea cultivar. Azzura and Gea
again produced maximum (56.36%) and minimum
(44.81%) DDM respectively.
During 2015, maximum (10.42%) and minimum crude ash (8.18%) was produced by Delta and
Giulia cultivars. Gea and Giulia were the genotypes
that produced maximum (11.66%) and minimum
(8.19%) crude ash respectively during 2016. Maximum and minimum crude protein during 2015 was
21.82% and 17.25%, produced by Azzura and Gea
cultivars respectively. Azzura and Kayseri cultivars
resulted in maximum (22.15%) and minimum
(17.61%) crude protein during 2016. Maximum
(91.88%) and minimum (90.12%) dry matter was

The mean of experimental years at the first location showed that maximum hay yield was found
maximum (11919.0 kg ha-1) in Azzura cultivar and
minimum (9535.0 kg ha-1) was resulted with i Kayseri cultivar. At the 2nd location during 2015, maximum and minimum hay yield was 20000.0 kg ha-1
and 13388.0 kg ha-1 produced by Azzura and Kayseri
cultivars respectively (Table 7). The same trend continues in both cultivars by resulting maximum
(19435.0 kg ha-1) and minimum (14180.0 kg ha-1)
dry forage production during 2016. For the mean of
two years at the secondlocation, the maximum hay
yield (19718.0 kg ha-1) was produced by Azzura cultivar, while Kayseri cultivar gave minimum hay
yield (13784.0 kg ha-1).
(!0-? "(0-# Different quality characteristics (ADF, NDF, DDM, DMI, organic matter, crude
ash, crude protein, raw oil, and raw fiber) were also
determined at Sivas/Centre in 2015 and 2016 (Table
8, 9). Differences among the genotypes were not significant for all the traits according to mean of experimental years during both years. Maximum ADF
was 47.48% and minimum 40.16%, found with Gea
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produced by Azzura and Kayseri cultivars respectively during 2015. However in 2016, Gea was cultivar producing maximum 91.62% dry matter and
the minimum 90.55% dry matter was recorded with
Planet cultivar.
Maximum organic matter (91.65%) during
2015 was produced by Azzura cultivar and the minimum (89.13%) was resulted by Giulia cultivar. During 2016, Planet cultivar produced maximum
91.66% organic matter and minimum (90.41%) was
produced by Bluemoon and Kayseri cultivars. The
maximum and minimum raw oil during 2015 was
1.21% and 0.35% produced by Delta and Giulia cultivars respectively. Both of these genotypes also produced maximum (1.04%) and minimum (0.56%)
raw oil during 2016 respectively. Maximum raw fiber (30.49%) was produced by Gea cultivar and minimum 23.97% was resulted with Kayseri cultivar
during 2015. Similarly, both of these cultivars also
produced maximum (28.56%) and minimum
(21.82%) raw fiber in 2016 respectively.
By accounting both years and locations of
study, mean values for ADF varied between 41.67%
(Azzura) to 48.16% (Gea), NDF; 51.05%

(Bluemoon) to 54.98% (Prosementi) , crude ash;
8.82% (Garisenda) to 11.36% (Kayseri), crude protein; 18.10% (Kayseri) to 22.18% (Azzura), dry matter contents; 90.67%(Giulia) to 91.31% (Azzura), organic metter; 89.92% (Giulia) to 91.24% (Azzura),
crude oil; 0.45 (Giulia) to 1.12 (Delta), raw fiber;
22.37% (Planet) and 29.47% (Prosementi).
Correlation analysis was performed to evaluate
the association among various studied traits (Table
10) and plant height was found to be significantly
correlated with numbers of tillers and also showed
highly significant relation with fresh forage yield
and dry forage yield. Stem thickness showed a positive and significant correlation with winter survival
(0.774*) and fresh forage yield (0.712*) and dry forage yied (0.781*). The numbers of tillers per plant
reflected highly significant correlation with winter
survival (0.847**) and fresh forage yield (0.846**).
Winter survival expressed a significant correlation
with the fresh forage yield (0.792*) and dry forage
yield (0.785*). Fresh forage yield expressed highly
positive and significant correlation with the dry forage yield (0.935**).
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ADF (%)
2015
2016
Mean
Azzura
40.72
42.62
41.67
Delta
44.29
45.23
44.76
Garisenda
43.52
41.72
42.62
Bluemoon
44.87
42.16
43.51
Giulia
45.14
43.24
44.19
Prosementi
43.19
45.33
44.26
Gea
47.48
48.85
48.16
Planet
40.16
43.62
41.89
Kayseri
43.61
41.49
42.55
Mean
43.66
43.80
43.73
LSD (0.05)
ns
ns
ns
CV (%)
2.41
3.04
2.74
*: P< 0.05, **: P< 0.01, ns: nonsignificant
Varieties

2015
50.43
53.18
51.23
51.48
52.89
54.12
55.12
52.61
50.67
52.41
ns
3.76

NDF (%)
2016
52.67
55.24
50.78
53.62
51.74
55.84
53.96
50.74
52.24
52.98
ns
4.12

Mean
51.55
54.21
51.05
52.55
52.31
54.98
54.54
51.67
51.45
52.69
ns
3.83

2015
55.19
51.31
52.42
50.13
47.53
48.62
43.77
52.45
52.15
50.39
ns
2.86

DDM (%)
2016
56.36
53.42
51.65
52.49
48.22
49.74
44.81
50.63
51.74
51.00
ns
3.11

Mean
55.77
52.36
52.03
51.31
47.87
49.18
44.29
51.54
51.94
50.70
ns
2.95

2015
8.53
10.42
8.18
9.41
9.97
9.16
10.13
8.56
10.95
9.47
ns
1.73

Crude ash (%)
2016
Mean
10.26
9.39
9.74
10.08
9.46
8.82
10.75
10.08
8.19
9.08
10.22
9.69
11.66
10.89
9.42
8.99
11.77
11.36
10.16
9.82
ns
ns
2.05
1.92
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Varieties
Azzura
Delta
Garisenda
Bluemoon
Giulia
Prosementi
Gea
Planet
Kayseri
Mean
LSD
(0.05)
CV (%)

Crude Protein
(%)
2015
2016 Mean
21.82 22.55 22.18
19.13 20.46 19.79
19.35 21.48 20.41
19.19 20.52 19.85
19.06 21.91 20.48

Dry matter contents
(%)
2015
2016 Mean
91.88 90.74 91.31
90.73 91.24 90.98
91.54 90.18 90.86
90.23 91.36 90.79
90.13 91.21 90.67

Organic matter
(%)
2015
2016 Mean
91.65 90.83 91.24
90.61 91.42 91.01
91.33 90.77 91.05
89.38 90.41 89.89
89.13 90.72 89.92

2015
0.95
1.21
0.63
0.79
0.35

Crude oil
(%)
2016
0.91
1.04
0.72
0.83
0.56

18.81

19.42

19.11

91.14

90.75

90.94

90.53

91.28

17.25
18.85
18.78
19.14

19.36
19.33
17.61
20.29

18.30
19.09
18.19
19.71

90.82
91.43
90.12
90.89

91.62
90.55
91.42
91.00

91.22
90.99
90.77
90.94

89.71
90.48
89.65
90.27

90.64
91.66
90.41
90.90

2015
25.51
26.91
29.62
24.96
25.97

Raw fiber
(%)
2016
23.74
25.62
28.54
25.41
26.33

Mean
0.93
1.12
0.67
0.81
0.45

Mean
24.62
26.26
29.08
25.18
26.15

90.90

0.72

0.81

0.76

30.43

28.51

29.47

90.17
91.07
90.03
90.58

0.89
0.87
0.65
0.78

0.96
0.92
0.74
0.83

0.92
0.89
0.69
0.80

30.49
24.45
23.97
26.92

28.56
22.29
21.82
25.60

29.52
23.37
22.89
26.28

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

3.02

2.91

3.13

3.84

4.12

3.92

2.75

3.19

2.88

2.10

1.86

1.97

3.21

2.83

3.43

*: P< 0.05, **: P< 0.01, ns: nonsignificant
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Traits*

PH(cm)

ST(mm)

NT

TR (%)

WR (%)

FFY
(kg/ha)

DFY
(kg/ha)

Plant height (cm)
1
Stem thickness (mm)
0.635
1
Numbers of tillers (adet)
0.696*
0.601
1
-0.636
-0.654
-0.837**
1
Thinning ratio (%)
Winter resistance (%)
0.583
0.774*
0.847**
-0.707*
1
Fresh forage yield (kg ha-1)
0.856**
0.712*
0.846**
-0.752*
0.792*
1
0.817**
0.781*
0.734*
-0.789*
0.785*
0.935**
1
Dry forage yield (kg ha-1)
*PH: Plant height (cm), ST: Stem thickness (mm), NT: Numbers of tillers, TR: Thinning ratio (%), WR: Winter resistance (%)
FFY: Fresh forage yield (kg/ha), DFY: Dry forage yield (kg/ha)
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.%(%0* -(0-# To investigate the forage
yield and different yield related parameters, a total
of 9 alfalfa cultivars were used under observation in
this study. Earlier studies has confirmed the importance of plant height as an important critical trait
for the evaluation of pasture growth and reflects a
direct correlation with the crop yield [23-25].
Among the 9 studied cultivars, Azzura and Delta cultivars reflected better performance for the various
traits like maxium plant height, higher stem thickness, more tiller/plant, and higher dry forage yield
with higher winter survival in both locations for both
years of study. Both cultivars reflected much potential for various traits and some of them are farmer’s
appealing traits, therefore, these cultivars could be
used in breeding program and these cultivars could
be also recomended to the local farmers. Results of
this study were found in line with the findings of Altinok and Karakaya [16], as they stated that genotypes having greater plant height contains higher
number of tillers with greater stem thickness. A
study by Mousa et al. [26] reflected a positive and
significant variations for various traits like plant
height, numbers of tillers and same was repoted by
Alla et al. [27] and results of this study was supported with their findings as positive and significant
variations were observed for different studied traits.
It was very interesting that general mean for all studied traits was found higher during the 2nd year of
study and Ullah et al. [28] explained this behaviour
briefly and according to them, higher mean in the
second year may be due to genetic differences that
are influenced by the environment and crop management practices during the first year. Similarly, Mohammadjanloo et al. [29] found that various plant
traits such as plant height, numbers of tillers in alfalfa are also affected by various agronomic practices. During the both years of studies, thining ratio
of genotypes was lower at Sivas/Altınoluk than Sivas/Centre because more snowy days were observed
in Sivas/Altınoluk as compared to Sivas/Centre.
Herbage yield is an important trait for the forage crops and significant and positive variations
were observed for this trait during the whole period

of study. Second location resulted 62.86% higher average forage yield as compared to 1st location and
average yield obtained by this study was found much
greater than the obtained by Ahmad et al. [30].
Among the 9 studied cultivars, Delta cultivar reflected a very good performance for the forage yield
by producing maximum forage at both locations during whole period of study. The main possible reason
behind the production of this maximum forage yield
by the Delta cultivar may be due to maximum stem
thickness and reflecting higherwinter survival. Fresh
forage yield produced in this study was much higher
as compared to resulted by Ahmad et al. [30] and
Mattera et al. [31]. One of the possible reason beahind this higher forage yield is the presence of
higher number of tillers per plant and greater stem
thickness.
Impact of climatic flacuations on the yield of
crops is well known, temperature and precipitation
are considered two most important factors resulting
siginificant variations in the yield [32]. Seydosoglu
[33] stated that green and dry herbage yield is affected by various factors like cultural practices, sowing time, soil properties, and climatic conditions of
growing area and most importantly with the plant genetics. Seker [24] stated that green herbage yield of
alfalfa can be present in the range of 931-11843 kg
ha-1. Similarly, Seker [24] and Avci et al. [17] stated
that dry herbage yield of alfalfa can be ranged between225-3287 kg ha-1. These earlier studies reflects
the presence of huge amount of variations in the dry
and green herbage yield and these variations can be
due to some important factors like ecological conditions, number of cuts and genetic make of genotypes.
This study reflected higher dry forage as compared
to earlier studies and general mean of dry forage was
found much higher than Sun et al. [34]. However dry
forage yield (kg ha-1) produced in this study was also
found lower as compared to the obtained by the Avci
et al. [17]. Dry forage yield for both years at the second location was found to be higher 61.97% compared to the first location and Azzura cultivar was
the key dry forage producer during this study. Various earlier studies found higher dry forage field than
in the second year [17] and results presented in this
study are in line with these studies.
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(!0-?-(0-#During this study various quality characteristics like ADF, NDF, DDM, crude ash,
crude protein, dry matter, organic matter, crude oil
and raw fiber were also measured and years reflected
a positive effect on the studied traits. ADF was found
higher in the 2nd year of study as compared to 1st one
and Avci et al. [17] explained this behavior as, this
ADF increase during second year of the study is due
to the increase in stem length and thickness. ADF is
indigestible plant material and the low concentration
is required for the good quality forage. During this
study, ADF was found in a range of 41.67-48.16%
which is in line with the previous studies [17, 22, 35,
36]. Forage quality of alfalfa depends on the differences in the plant maturity at the harvesting time,
cultivars and locations. This relationship can be
helpful in the understanding of forage quality differences in alfalfa. 
Similar to ADF, the concentration of NDF was
found to be higher in the second year as compared to
the first year and these results conflicted with the results obtained by Avci et al. [17]. NDF contents obtained by the Canbolat et al. (2006) are in line with
our results. The previous studies [17, 36] found
NDF concentration in the range of 46.4-47.3; 45.951.1; 39.4-47.8 and 56.4% and these results were
found to be much closer with our results.
DDM contents obtained in this study were
found to be lower as compared to the results obtained
during the earlier studies [17, 34]. This study reflected that crude protein contents are changing from
year to year. Gea and Kayseri were the genotypes
that produced maximum and minimum crude protein
in 2015 and 2016 respectively. The crude protein
contents were higher in 2016 than in 2015 and this
may be due to higher stem thickness, leaf stem ratio
and numbers of tillers during the second experimental year. Crude protein in this study was found
to be in line with the previous studies [17]. In the
present study, maximum concentration of crude oil
was produced by the Delta cultivar and its concentration was found double as compared to Giulia cultivar.
During this study, the significant positive and
negative correlation were found among all studied
traits. These results comply with the previous studies
[13, 17, 37]. Similarly, the stem thickness was observed to be significantly correlated with winter survival, fresh and dry forage yield. It is a universal fact
that genotypes having more stem thickness will contain higher yield and same results were observed in
Delta and Azzura cultivars having more stem thickness. Winter survival showed a positive correlation
with the fresh and dry forage yield and the winter
resistance was observed to have direct effect in case
of these traits. Delta and Azzura cultivars reflected
higher winter survival, so these genotypes produced
maximum fresh and dry forage yield. Kayseri culti-

var expressed minimum winter resistance and produced minimum fresh and dry forage yield among all
genotypes.


#!
This study comprehensively explained the behaviour of various alfalfa cultivars for fresh forage
yield, dry forage yield and some other quality-related
traits. The results obtained from this study revealed
that the cultivars Delta and Azzura could be successfully grown in the continental climate regions of Turkey, and could be also used in the breeding program
of alfalfa to develop new alfalfa varieties with good
winter resistance and high yield and quality. During
this study, local Turkish cultivar “Kayseri” was observed to perform poorly compared to the other genotypes.
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Bibi Nani, Johan, Khuzdar. In Gilgit it was found in
Danyore, Thalichi, Sultanabad, Jutial, Rahimabad,
Goro Juglote, Rabat Chaprote, Chalt and Silpi [2]. It
thrives best to grow at temperature of 5.7 to 25°C in
hot dry climate with ample soil moisture having pH
5.5 to 8.2 and an annual rainfall of 500-650 mm. The
subterranean stem grows in horizontal direction with
a length of 2m forming a short taproot with numerous branches and rhizomes normally harvested for
medicinal purpose. The color of root varies from
grey-brown to yellow having diameter of 0.75 to 2.5
cm. The leaves have 10-20 cm long stalk containing
9-17 leaflets bearing dotted glands on the surface and
arranged in pair order around a central axis. The
color of the flower varies from whitish to purplish
having diameter of 1.0–1.5 cm and held on loose,
conical spires. The duration of flowering fruits is
from August to February. About 2-5 brown or blackish seeds are enclosed in each pod which is 1-3 cm
long and 4-5 mm wide [3].
&& '   is soothing moist herb responsible for protection and detoxification of liver.
It has powerful potential to exterminate inflammation in mouth ulcer and arthritis [4]. The plant contains chemical compounds known as glycyrrhizin
which are fifty times sweeter than sugar. && '
  has been used for centuries in the treatment
of sore throats, coughs, gastric ulcers, allergic reactions, eczema, rheumatism, arthritis and hepatitis [5,
6]. Nowadays, it is widely used for its anti-inflammatory, antiviral, antimicrobial, anticancer, antioxidant, anti-coagulative, expectorant, anti-allergic and
anxiolytic activities in addition to immune-modulatory, hepato-protective and cardio-protective effects
[7-10]. The root contains a variety of chemical compounds such as triterpenoids, polysaccharides and
certain polyphenols such as liquiritin, flavones, flavans, chalcones and glabridin [11-13].
Khyber Pakhtunkhwa province is a rich source
of natural resources such as wild medicinal plants.
They are used by the people not only for agriculture
purposes but also for their primary health care needs.
In this regards the present research was conducted on
scientific basis to determine various phytochemical
constituents such as total phenols, tannins and flavonoids content. The plant was also screened for

'(&(
The ethnobotanical important wild medicinal
plant && '   () was evaluated to determine various phytochemical constituents, antioxidant activity, elemental composition and antibacterial activity. The stem, roots and leaves were
screened to obtained crude methanol (MeOH), chloroform (CHCl3), ethyl acetate (EtOAc), butanol
(BtOH) and aqueous (AQ) fractions. Results of phytochemical analysis divulged the presence of promising amount of total phenolic (159.56 mg GAE 100
g-1), total tannins (95.42 mg GAE 100 g-1), total flavonoids content (94.96 mg QE 100 g-1) in MeOH extract of root and leaves while lowest value was observed in CHCl3 fraction of stem (57.76 mg GAE
100 g-1), leaves (46.73 mg GAE 100 g-1) and root
(44.60 mg QE 100 g-1). Remarkable antioxidant potential was observed in MeOH extract (80.58%) of
root and trivial amount was found in CHCl3 fraction
(56.77%) of leaves. Micro-minerals analysis reveals
that lead (0.291 mg Kg-1), cadmium (0.780 mg Kg1
), chromium (0.172 mg Kg-1) and cobalt was found
maximum in root parts whereas iron (414.0 mg Kg1
), zinc (68.33 mg Kg-1) and copper (60.33 mg Kg-1)
was recorded in leaves. The antibacterial activity determine by well diffusion method divulges that all
the extracts shows notable inhibitory activity against
 "#!  ! !   and  "
# "#!.
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&& '  , antioxidant activity, total flavonoids
content antibacterial activity



"(&#)(#"

&& '   (Linn) belongs to the family , is an erect medicinal herb and is
widely distributed in Southern Europe, Syria, Iran,
Afghanistan, Russia, China, Pakistan and Northern
India. Large scale commercial cultivation is seen in
Spain, Sicily and England [1]. In Pakistan, the plant
is locally known as “Malathi” and found in Shahrig,
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micronutrients concentration, antioxidant activity
and antibacterial activity.


!(& '"!(#'

:771/>5:9:2;7-9>8->1<5-7 && ' 
  was collected from Pakistan Forest Institute
(PFI) Peshawar at their matured stage from its natural habitat. The sample was thoroughly washed with
tape water followed by distilled water to remove the
impurities such as dust, dirt and other debris materials. The samples were crushed with electrical grinder
(Yigan, model WF130) after shade dried and the
powder form was stored in clean plastic bags with
proper labeling.

A><-/>5:9 -90 2<-/>5:9->5:9 The powder
plant samples of stem, roots and leaves were soaked
in methanol for several days using cold maceration
technique. The colored methanol solution was filtered and concentrated by rotatory evaporator (Heidolph Laborota 4000) until complete dry extract was
obtained. Water was then added to the crude methanol extract and chloroform was added followed by
vigorous shaking. The two layers were separated in
separating funnel consisting of an upper aqueous
layer and lower chloroform. Collect chloroform fraction in conical flask and repeated the same procedure
for ethyl acetate and butanol. The aqueous-methanol obtained in the end was also concentrated under
rotatory evaporator. All the extracts such as crude
methanol (MeOH), chloroform (CHCl3), ethyl acetate (EtOAc), butanol (BtOH) and aqueous (AQ)
fractions were kept in vials and stored at 4 0C for
analysis.

1>1<859->5:9 :2 >:>-7 27-@:9:50 /:9>19>
The total flavonoids content in crude methanol extract and various fractions was determined by the
method of Sharma et al. (2010) [15]. For this purpose
stock solution was prepared by adding 1 gm of each
plant extract in 10 ml methanol. 1 ml water and 10
ml ethyl acetate were mixed to 5 ml stock solution.
Afterward pipette 100 µl from the mixture in clean
dry test tubes and add 90 µl phosphate buffer. Then
3 ml were added to two fold dilution of FCR and 4
ml Na2CO3 to the test tubes. The entire prepared
sample was incubated in dark for 45 minutes. The
different concentration of standard was prepared by
dissolving 20 µg Quercitin in distilled water and
made the volume up to 100 ml. The absorbance value
was measured for standard and plant sample at 765
nm by spectrophotometer.

1>1<859->5:9 :2 -9>5:A50-9> -/>5@5>B The
standard protocol of Akond et al. (2011) was followed for the evaluation of antioxidant potential of
plant extracts [16]. 25 mg of each plant fractions
were dissolved in methanol and prepared the desirable concentration by using serial dilution technique.
4 ml from each concentration was taken and mixed
with 1ml of 0.001 M DPPH. Likewise, control solution was prepared by mixing 1 ml DPPH solution
and 5ml of methanol and incubated for 30 minutes in
a dark. The % DPPH activity was determined from
the absorbance reading of spectrophotometer at
wavelength of 517 nm by the following formula:

      
 
 


9-7B=5= :2 !5/<:9?><519>= About 1 gm of
powder sample of stem, roots and leaves was separately taken in digestion block followed by addition
of nitric acid and perchloric acid solution (3:1) using
the method of Miyazawa et al., (2009) [17]. The solution was cooled and diluted with deionized water
to obtain final volume of 25 ml. The micronutrients
like lead, iron, zinc, cadmium, chromium, copper
and cobalt was determined by Atomic Absorption
Spectrophotometer (AAS) by the standard method of
AOAC (2003) [18]. AAS is the common instrument
used for the analysis and quantization of micronutrients in plant samples. In this method the atoms are
excited from their ground state by absorbing a specific wavelength of light emerge from the atomizer
system. The amount of light absorbed is related to
the concentration of non-excited atoms. During AAS
application, the flow rate of oxidant and acetylene
was set at 5 L/minutes and 2.5 L/minutes respectively. Standard of the respective elements was run
through the piper of nebulizer. The concentration of
each micronutrient in the test sample was calculated
by establishing a standard curve of absorbance
against concentration. 


1>1<859->5:9:2 >:>-7 ;419:7= -90 >-9959=
/:9>19>The standard protocol of Grubesic (2005)
was adopted for the optimization of total phenols and
tannins content [14]. The stock solution was prepared by diluting 2gm of each plant extract in 200 ml
of 30% methanol. The prepared stock solution was
mixed with 8 ml distilled water and 10 ml of acetate
buffer to make solution-A (SA). Likewise solutionB (SB) was prepared by the addition of 0.05 mg casein to 10 ml SA and keep on shaking incubator for
45 minutes. 1ml SA and SB were mixed with 0.5 ml
of FCR and the volume was raised up to 10 ml by
adding 33% of sodium carbonate. Absorbance values obtained for SA correspond to total polyphenol
content. Differences between absorbance of SA and
SB correspond to concentration of casein-adsorbed
tannins in plant samples. The Gallic acid was used as
reference compounds for the determination of total
phenols and tannins content from the standard curve.
Absorption of all the solution was carried out at 720
nm and the value were expressed in term of mg GAE
100g-1 of the extracts respectively. 
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(DCM) fraction of root and stolon of    possessed notable amount of total phenolic contents
(73.51 mg GAE g-1), which justifies our findings
[22].
The total tannins content was found highest in
EtOAc (78.52 mg GAE 100g-1) followed by MeOH
fraction (75.74 mg GAE 100g-1) whereas lowest
level was examined in CHCl3 fraction (48.09 mg
GAE 100g-1) as presented in Table 2. Likewise
MeOH extract of roots has maximum tannins content
(95.42 mg GAE 100g-1) as compared to EtOAc
(82.30 mg GAE 100g-1), BtOH (79.24 mg GAE
100g-1), AQ (67.40 mg GAE 100g-1) and CHCl3 fraction (57.84 mg GAE 100g-1). In case of leaves, highest level of tannins was observed in MeOH extract
(91.12 mg GAE 100g-1) followed by BtOH (85.36
mg GAE 100g-1) and lowest in CHCl3 fractions
(46.73 mg GAE 100g-1). Akiyama (2001) reported
that tannin exist in both hydrolysable and non-hydrolysable form and showed remarkable activities such
as antimicrobial [23]. They exhibit antibacterial activity by acting as bacteriostatic and bactericidal
agent against opportunistic pathogenic bacterial
strains such as  &    !"  !#
!  "&#! and " "
#! [24, 25]. Tannins form complexes with polymers and minerals which results in the inhibition of
the normal functions of pathogenic microbial enzymes [26]. Manikandan and Doss (2010), Abbhi et
al. (2011) and Oyeleke et al. (2013) observed appreciable concentration of total tannins content in various extract of # "# ! & !  
and  ! [27-29]. From these findings it
was suggested that antibacterial activity of the said
plant extracts might be due to the presence of tannin
content.
The results of total flavonoids content enlisted
in Table 3 divulged that MeOH extract of stem part
possess promising flavonoid content (81.92 mg QE
100g-1) followed by BtOH (74.03 mg QE 100g-1)
whereas least amount was recorded in CHCl3 fraction (56.55 mg QE 100g-1). In case of root, highest
level was observed in AQ (82.20 mg QE 100g-1) and
MeOH (80.90 mg QE 100g-1) while lowest was
found in CHCl3 fraction (44.60 mg QE 100g-1). Similarly significant amount of flavonoid was recorded
in MeOH (94.96 mg QE 100g-1) and AQ fractions
(91.68 mg QE 100g-1) of leaves as compared to other
extracts. In this study promising amount of flavonoids moiety was recorded in all the plant extracts
and it was found that polar organic solvent such as
methanol was useful in the isolation of such compounds. The study of Cakmak et al. (2012) reveals
that flavonoid content was mainly extracted in methanol as it provides higher total flavonoid content of
116.54 mg RE g-1. It was also observed that natural



9>5.-/>1<5-7 -/>5@5>B The antibacterial potential of each plant extracts was determined by well
diffusion assay of Ahmad et al., (2011) [19]. The
crude methanol extracts and various fractions were
tested against pathogenic bacterial strains including
!    "#!  ! and  "
# "#!. The old microbial culture was
standardize in broth according to MC Farland standard and then seeded on nutrient agar medium plates.
After that four wells were made in the plate with the
help of sterile borer and the extracts were poured into
it along with Dimethyl Sulfoxide (DMSO) as negative control and Ciprofloxacin as positive control to
the respective wells. Finally, all the plates were incubated at 37 oC for 24 hours and measured the zone
of inhibition in comparison with positive control.

'>->5=>5/-7 -9-7B=5= The experimental values
of phytochemical analysis and antibacterial activity
were expressed as Mean ± Standard Deviation (SD)
of three replicates (n=3r). The data regarding micronutrients was analyzed by Completely Randomized
Design (CRD) using Statistix 8.1 computer software.
All the mean values were separated by Least Significant Difference (LSD) test at P<0.05. 


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

$4B>:/4185/-7 -9-7B=5= The maximum total
phenolic content (Table 1) in the stem was observed
for MeOH (79.47 mg GAE 100g-1) followed by AQ
fraction (78.07 mg GAE 100g-1), while lowest was
found in CHCl3 fraction (57.76 mg GAE 100g-1). In
case of root, significant amount was recorded in
MeOH (159.56 mg GAE 100g-1) followed by BtOH
fraction (121.79 mg GAE 100g-1), however lowest
value was noted in AQ fraction (84.63 mg GAE
100g-1). Likewise, MeOH extract of leaves possess
promising phenolic content (157.30 mg GAE
100g-1) followed by AQ fraction (128.30 mg GAE
100g-1) whereas least amount was reported in CHCl3
(88.90) fraction respectively. Polyphenols are found
ubiquitous in local flora and mainly responsible for
plant pigmentation, coloration and numerous biological and pharmacological activities including antioxidant and antimicrobial [20]. Therefore quantification of these bioactive compounds is necessary to determine the nature, type and specific activities
against drastic diseases. In this regard various extracts of    was screened and it was found
that all the extracts contain sufficient amount of total
phenols which are at par with the study of Cakmak
et al., (2012) who determined considerable amount
of total phenolic content (114.33 mg GAE g-1) in
methanol root extract of  " [21] Likewise,
Pratibha et al. (2012) reported that dichloro methane
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(:>-7;419:75//:9>19>83

(  
3:2=>18<::>=-9071-@1=:2

A><-/>=
'>18
&::>=
MeOH
79.47±1.58
159.56±0.98
CHCl3
57.76±3.09
96.10±1.58
EtOAc
67.09±0.54
116.07±0.77
BtOH
65.37±0.47
121.79±1.29
AQ
78.07±1.19
84.63±0.60
Each values is mean of three replication (n=3r) ± standard deviation (SD)

1-@1=
157.30±1.17
88.90±0.04
127.20±2.05
122.50±0.27
128.30±1.11


(:>-7>-9959=/:9>19>83(

(  
3:2=>18<::>=-9071-@1=:2

A><-/>=
'>18
&::>=
MeOH
75.74±0.77
95.42±0.59
CHCl3
48.09±0.06
57.84±0.08
EtOAc
78.52±0.87
82.30±1.90
BtOH
72.02±1.62
79.24±0.97
AQ
64.01±1.75
67.40±0.11
Each values is mean of three replication (n=3r) ± standard deviation (SD)

1-@1=
91.12±0.30
46.73±1.46
77.78±1.02
85.36±1.18
63.75±0.60


(:>-727-@:9:50=/:9>19>83%

(  
3:2=>18<::>=-9071-@1=:2

A><-/>=
'>18
&::>=
MeOH
81.92±0.21
80.90±0.08
CHCl3
56.55±0.54
44.60±1.05
EtOAc
65.0±1.62
52.20±0.18
BtOH
74.03±0.12
70.20±0.95
AQ
71.45±1.48
82.20±0.15
Each values is mean of three replication (n=3r) ± standard deviation (SD)
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'#&#
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1-@1=
94.96±1.53
72.69±1.62
81.02±1.96
84.67±0.48
91.68±0.68
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'>-90-<0?<@12:<>:>-7;419:7=-90>-9959=/:9>19>


habitat and extraction type can play important role in
the extraction of bioactive compounds [21]. In this
regard Li et al. (2011) examined 3.60 to 66.54 mg
RE g-1 of flavonoid content by screening ethyl acetate, hexane, chloroform, water and n-butanol extracts of  # !! which yield higher flavonoids
content From the present research work it was concluded that organic solvent and extraction methods
[30]. Non standardized procedures of extraction may
lead to the degradation of the phytochemicals present in the plants and may lead to the variations thus
leading to the lack of reproducibility.

 






 


)& 
'>-90-<0?<@12:<>:>-727-@:9:50=/:9>19>

9>5:A50-9>-/>5@5>BThe antioxidant activity
(Table 4) of crude methanol extract and fractions obtained from stem of    reveals that MeOH
extract exhibits significant higher radical scavenging
activity (73.86%) followed by BtOH (71.03%), AQ
(67.55%), EtOAc (66.09%) and CHCl3 (59.46%).
Likewise maximum potential in root extract was observed for MeOH (80.58%) and minimum in CHCl3
(61.19). In case of leaves promising antioxidant
property was found in BtOH (78.60%) and MeOH
(78.46%) followed by AQ (75.74), EtOAc (68.56%)
and CHCl3 (56.77%) respectively. Free radicals are
produced in the body from metabolism or other
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exogenous process causing sever cell and tissue impairments of vital body organs. These radicals include superoxide anions, hydrogen peroxide and hydroxyl radicals responsible for coronary heart disorder, stroke, diabetes and inflammation [31]. The antioxidant and antiradical compounds such as phenols
inhibit the oxidation chain reactions of free radicals
by donating hydrogen ion and converting them to
non-toxic compounds [32]. Due to the low toxicity,
natural antioxidant is preferred over synthetic ones
[33, 34]. The current study was focused to determine
the total polyphenols, tannins and flavonoids moiety
of stem, roots and leaves of the subject plant to evaluate its efficacy as antioxidant. Antioxidant activity
was mainly correlated to the presence of secondary
metabolites in plants. Results show that all the extracts have significant radical scavenging activity.
Our finding in this regards was also supported by
Cakmak et al. (2012) who observed that methanol
extract obtained from the root of  " have
remarkable antioxidant property with IC50 value of
184.99 µg ml-1 respectively [21]. Pratibha et al.
(2012) examined that methanol extract of root and
stolon of    have promising antioxidant activity with IC50 value of 51.07 µg ml-1[22] whereas
Tohma and Gulçin (2010) reported 52.20% and
54.40% of antioxidant activity of aqueous and ethanol root fractions of    [35].

71819>-7/:8;:=5>5:9The results (Table 5)
of elemental composition of stem, roots and leaves
part of the said plant reveals that concentration of Pb,
Cd, Cr and Co was highest in roots while Fe, Zn and
Cu was observed in leaves. However the concentration of all these elements was lowest in stem as compared to roots and leaves. The current findings also
described that Pb, Fe, Zn, Cu and Co are in the safe
recommended limits of WHO (2006) whereas Cd


and Cr was found in higher concentration [36]. The
lowest concentration of Pb and Fe was also reported
by Adu et al. (2012) which are in line with current
findings [37]. The current results also find supportive evidence from the study of Sobukola et al. (2010)
who reported 0.090mg Kg-1 of Cd in fluted pumpkin
[38]. The lowest concentration of Cd (0.049mg
Kg-1) was observed by Farooq et al. (2008) which are
at par with current results [39]. Elbagermi et al.
(2012) reported 5.0, 5.75 and 5.32mg Kg-1 of Cu in
carrot, cucumber and spinach which are much lower
than the present findings [40]. The trace element
such as cobalt, chromium, zinc, copper, lead, nickle,
arsenic and manganese are required in trivial amount
for normal physiological growth and functions of
plants however their high amount may cause serious
problems [41, 42]. Therefore attention has been
given to evaluate the bioaccumulation of heavy
metal in different plants and vegetables [43].

9>5.-/>1<5-7-/>5@5>BThe bactericidal potential of stem extracts (Table 6) against the microbial
strains shows that MeOH extract possess promising
inhibitory activity against   (17mm) as compared to  "#! (14mm) and   !
(10mm). Highest inhibitory zone for CHCl3 fraction
was noted against  "#! (13mm) and lowest
against   ! (8mm). Maximum inhibitory activity for EtOAc and BtOH fraction was recorded
against   (12mm) and   ! (12mm)
while lowest was observed against  "#!
(9mm) and   (10mm). The AQ fraction exhibit
notable inhibitory activity against   (16mm)
and minimum against   ! (13mm) respectively. The results also reveal that among all the test
bacterial strains, lowest activity was observed for
CHCl3 and EtOAc against   ! (8mm) and 
"#! (9mm). 


( 
9>5:A50-9>-/>5@5>B:2=>18<::>=-9071-@1=:2
A><-/>=
'>18
&::>=
MeOH
73.86±1.27
80.58±2.08
CHCl3
59.46±1.77
61.19±0.83
EtOAc
66.09±1.56
71.63±0.53
BtOH
71.03±0.55
78.68±0.36
AQ
67.55±1.32
68.56±1.31
Each values is mean of three replication (n=3r) ± standard deviation (SD)

1-@1=
78.46±0.66
56.77±1.10
68.56±1.19
78.60±1.32
75.74±0.82


( 
!5/<:8591<-7=/:9/19><->5:983 3:2=>18<::>=-9071-@1=:2
!5/<:8591<-7=
# +#7585>=
'>18
&::>=
Lead
0.30
0.240b
0.291a
Iron
425
324.66b
287.33c
Zinc
100
43.66b
45.33b
Cadmium
0.10
0.074b
0.780a
Chromium
0.30
0.034c
0.172a
Copper
73.0
53.33b
49.0b
Cobalt
50.0
24.33c
32.66a
The different alphabetic letters in each row represents that mean values are significant at P ≤ 0.05 
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1-@1=
0.212b
414.0a
68.33a
0.040c
0.106b
60.33a
28.66b
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( 
9>5.-/>1<5-7-/>5@5>B88:2/<?0181>4-9:71A><-/>-90@-<5:?=2<-/>5:9=:2=>18;-<>=:2
A><-/>=



MeOH
10.0±1.5
17.0±1.8
14.0±1.5
CHCl3
8.0±0.5
10.0±1.5
13.0±2.2
EtOAc
11.0±1.7
12.0±1.7
9.0±0.8
BtOH
12.0±1.3
10.0±0.5
11.0±2.1
AQ
13.0±2.6
16.0±2.17
14.0±1.3
Each values is mean of three replication (n=3r) ± standard deviation (SD)

5;<:27:A-/59
30.0±1.8
33.0±1.5
32.0±2.78
35.0±0.5
31.0±2.6

( 
9>5.-/>1<5-7-/>5@5>B88:2/<?0181>4-9:71A><-/>-90@-<5:?=2<-/>5:9:2<::>;-<>:2
Extracts
  !
 
 "#!
MeOH
16.0±1.5
25.0±4.3
14.0±1.8
CHCl3
13.0±0.5
12.0±2.7
10.0±1.5
EtOAc
15.0±1.3
11.0±1.5
17.0±2.6
BtOH
16.0±1.8
13.0±0.8
10.0±0.5
AQ
11.0±2.6
18.0±1.3
12.0±2.2
Each values is mean of three replication (n=3r) ± standard deviation (SD

Ciprofloxacin
32.0±2.5
35.0±0.5
29.0±1.7
33.0±1.5
31.0±3.2


( 
9>5.-/>1<5-7-/>5@5>B88:2/<?0181>4-9:71A><-/>-90@-<5:?=2<-/>5:9=:271-@1=;-<>=:2
Extracts
  !
 
 "#!
MeOH
23.0±1.7
19.0±2.6
20.0±1.8
CHCl3
11.0±0.5
14.0±1.3
19.0±2.6
EtOAc
12.0±2.5
15.0±2.2
10.0±1.5
BtOH
17.0±2.5
19.0±1.8
14.0±2.1
AQ
20.0±1.5
17.0±0.5
24.0±0.5
Each values is mean of three replication (n=3r) ± standard deviation (SD)

Ciprofloxacin
27.0±0.5
29.0±1.1
33.0±2.6
34.0±1.5
35.0±0.5



inhibitory activity was recorded for  "#!
(14mm) and   (17mm) respectively. During the
experiment Ciprofloxacin was used as positive control which significantly inhibits all the bacterial
strains and pure DMSO was used as negative control
which don’t show any inhibitory activity against the
test strains.
Antibacterial and antifungal compounds obtained from plant sources are highly effective in
small quantities and are more active than their synthetic counterparts even if similar techniques of their
evaluation are used [44]. It was observed that inhibitory effect of plant extracts was due to the presence
of total phenols, tannins and flavonoids content as
previously described by Gupta et al. (2013) who observed notable inhibitory zone of methanol and acetone extracts of    roots against gram positive
and gram negative bacteria [45]. Likewise Syed et al.
(2013) screened chloroform, hexane, ethyl acetate
and ethanol extract of the said plant leaves and found
notable antibacterial activity against ! 
 "&#!  ! "&#!
# #! and #! !#"! by using agar well diffusion technique [46]. Our results also find supportive evidence from the study of Patil et al. (2009) who
analyzed promising bactericidal activity of ethanol
and aqueous extract of roots against gram positive
and gram negative bacterial strains as compared to
the standard antibiotic Streptomycin [47].

The antibacterial activity of crude methanol extract and various fractions of root was tested against
the opportunistic pathogenic bacterial strains as
given in Table 7. The results reveals that MeOH extract showing maximum inhibitory zone against 
 (25mm) and minimum against  "#!
(14mm). Similarly CHCl3 and EtOAc fraction exhibits notable activity against   ! (13mm) and
 "#! (17mm) and minimum inhibitory
zone against  "#! (10mm) and  
(11mm). In case of BtOH and AQ fraction promising
inhibitory diameter was observed against   
! (16mm) and   (18mm) while lowest was recorded against  "#! (10mm) and   
! (11mm). Among all the test microbial strains minimum zone of inhibition (10mm) was recorded for
CHCl3 and BtOH extract against  "#!.
The results depicted in Table 8 divulged that
MeOH extract of leaves shows maximum inhibitory
zone against   ! (23mm) followed by  "#
! (20mm) and   ! (19mm). Similarly CHCl3 fraction shows considerable inhibitory
activity against  "#! (19mm) and lowest
against   ! (11mm). The EtOAc fraction exhibits highest activity against   (15mm) followed by   ! (12mm) and  "#!
(10mm). Maximum inhibitory zone for BtOH and
AQ fractions was observed against   (19mm)
and  "#! (24mm) strains while minimum
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)& 
945.5>:<BC:91:2>#/-90!1#:2<::>
1A><-/>=-3-59=>/:75


)&
945.5>:<BC:91:2%-90!1#1A><-/>=:2
=>18-3-59=>/:75


)&
945.5>:<BC:91:2>#-90%1A><-/>=:2
=>18-3-59=>$85<-.575=85<-.575=

)&
945.5>:<BC:91:2>#/-90!1#1A><-/>=
:271-@1=-3-59=>>?812-/519=



#" )'#"'

It was concluded from the present study that
&& '   possesses different classes of
secondary metabolites such as total phenols, tannins
and flavonoids moiety which are mainly responsible
for different biological and pharmacological activities such as antioxidant and antibacterial potential.
The stem, roots and leaves contain notable micronutrient concentration while the extracts has promising
bactericidal and antioxidant activity indicating that
the active ingredients are broad spectrum compounds. Future work on the identification, isolation
and structural characterization of the active components should be the goals of further investigations as
these compounds will serve as good therapeutic
agents.
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velopment of a process for removal of chromium is
significant.
Among the various available methods for the
removal of chromium, the most commonly used
treatment techniques are reduction and precipitation, adsorption and ion exchange. The main advantages of ion exchange are recovery of metal
value, selectivity, less sludge volume produced and
the meeting of strict discharge specifications [3].
Nevertheless, its application is relatively simple and
safe due to the mild operating conditions applied
[4].
The aim of the present study is to investigate
the feasibility of using the ion-exchange resins
Amberjet 1200 and Lewatit CNP 80 as adsorbents
for removal of Cr(III) from aqueous solutions using
a batch technique under different experimental
conditions.

!" "
In the present study, the removal of Chromium
(Cr)(III) ions from aqueous solutions was investigated. Experimental investigations were undertaken
using the ion-exchange resins Amberjet 1200
(strongly acidic cation exchange resin) and Lewatit
CNP 80 (weakly acidic cation exchange resin). The
batch removal of Cr(III) from aqueous solutions
under different experimental conditions was used in
this study. The effects of initial pH, contact time
and resin dosage on the uptake of Cr(III) ions have
been studied. The maximum percentage of metal
removal was attained after about 1 h. The uptake of
Cr(III) ion depended on pH. The resins were more
selective at pH 2,8 for Cr(III) onto Lewatit CNP 80
and pH 3,1 for Cr(III) onto Amberjet 1200.


&% !
Chromium, Cation Exchange Resin, Waste water

" !"!

'-+/'!# Amberjet 1200 (strongly acidic
cation exchange resin) (Rohm and Haas, France)
and Lewatit CNP 80 (weakly acidic cation exchange resin) (Fluka Co.) were used in the carrying
out of the experiments. The specification of the
resins is given in Table 1. Chromium chloride,
sodium hydroxide, hydrochloric acid, and all other
chemicals employed were of analytical reagent
grade and used without further purification. All the
solutions used for the laboratory studies were prepared using double-distilled water. Cr(III) solutions
at various concentrations were made by dissolving
the required quantities of chromium chloride in
double-distilled water.

" #"

Chromium compounds are widely used by
modern industries, resulting in large quantities of
this element being discharged into the environment.
Some of the main uses for chromium compounds
are plastic coatings, electroplating of metal, pigments, wood preservative, leather tanning and finishing [1].
Chromium (III) is the main component used as
tanning agent in leather industry, and considerable
amounts of chromium exist in tannery wastewaters
[2]. As such effluents are one of the main sources
of chromium pollution in aquatic systems; the de
"
.?#/)'!'(*).+/)'!@%@+-/+#%,+#/(#'
%(#-/-+(-#
(+0+- 
Matrix
Styrene/divinyl benzene
Functional groups
Sulphonate
Physical form
Amber spherical beads
Ionic form
H+
Total capacity, eq/L
1.8
Porosity
Gel
Max operating temperature, °C
135
Mean particle size, mm (90%)
0.6 – 0.7
a
Information provided by the manufacturer
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Crosslinked polyacrylate
Carboxylic groups
Opaque coloured spherical beads
H+
4.3
Macroporous
75
0.315–1.60
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+@''-/%( %, -.+ +#/(# The resins were
prepared in glass column. Strong acidic cation
exchange resin, Amberjet 1200 H was prepared in
H+ form by passing respectively the solution of 2L
of 1 M HCl; 2L of distilled water; 2L of 1M NaOH;
2L of distilled water; 2L of 1M HCl and 2L of
distilled water; 2L of 1M NaOH and 2L of distilled
water; 3L of 1M HCl and 8L of distilled water
through 200 mL of resin.
Weak acidic cation exchange resin, Lewatit
CNP 80 was prepared in H+ form by passing respectively the solution of 2L of 1 M NaOH; 2L of distilled water; 2L of 1M HCl; 2L of distilled water;
2L of 1M NaOH and 2L of distilled water; 2L of
1M HCl and 8L of distilled water through 200 mL
of resin.
The resins were then left standing for 24 h and
washed with distilled water until the washing was
free from Cl−. After air drying, the resin was stored
for sorption studies.

/(+-/)#-*?In general the sorption mixture
consisted of 0.5 g of sorbent in 30 mL of metal
solution, for 60 min at 25 ± 2°C. After equilibration, the sorbent-solution was passed through a
filter and was analyzed for metal ion content using
an Atomic Adsorption Spectrometer (Varian AA
300). Contact time adsorption experiments were
conducted at 25°C in a well-mixed pyrex glass
vessel with a cover. Time course experiments were
carried out by shaking the adsorption mixture at
various predetermined intervals and analyzing the
metal content at the end of the contact time.
The metal ion concentration in the original solution and the metal ions left in bulk solution were

determined by the AAS technique. The same measurements were repeated three times and average
values have been taken as the remaining metal
amount in the solution phase. The maximum deviation was 3%.

!#"!!#!!

,,+)- %, )%(-')- -/+ Batch experiments of
adsorption were performed in temperaturecontrolled shaker, at 25 ±2 °C, and shaken at 100
rpm for periods of time that ranged from 1 to 27 h.
In all experiments performed, 0.5 g of sorbent was
thoroughly mixed with 30 mL 1.0x10-3 M Cr(III)
solutions. Cr(III) adsorption has been increased
rapidly first 60 minute and then uptake has been
slowly decreased as shown in Figure 1.

,,+)-%,@The pH of a solution is another
important parameter in adsorption process because
of the dependencies of the complexation reactions
or electrostatic interactions in physisorption processes at the adsorption surface [5]. In order to
found the optimum pH, some experiments were
examined by varying the initial pH of the solutions
with 30 mL of 1.0x10-3mol/L of metal solution
containing 0.5 g of resin at 25±1°C. The studied pH
range was 2-4 in order to avoid and eliminate the
undesirable reduction of Cr(III) to Cr(VI). The
results showed that the percentage of adsorption
increased with increasing pH values and attained a
maximum at pH 2.7 for Amberjet 1200 H and pH
3.2 for Lewatit CNP 80 (Figure 2).
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,,+)- %, +#/( *%#'-+ Figure 3 presents the
removal of Cr(III) as a function of resin dosage.
The adsorbent dosage was varied from 0.5 to 10 g.
The percent removal of Cr(III) increased with increasing adsorbent dosage. Results showed that for
the quantitative removal of Cr(III) from 30 mL
solution containing 1.0x10-3 mol/L of metal a minimum resin dosage of 2 g was required for Cr(III).

*#%@-/%(/#%-.+Adsorption data usually described by adsorption isotherms, such as the
linear, Langmuir, Freundlich isotherm [6]. These
isotherms relate metal uptake per unit weight of
adsorbent qe to the equilibrium adsorbate concentration in the bulk ﬂuid phase Ce. The linear model,
which describes the accumulation of solute by
sorbent as directly proportional to the solution concentration:
qe = KDCe
(1)

The constant of proportionality or distribution
coefficient KD is often referred to as the partition
coefficient.
The Freundlich isotherm is the most widely
used non-linear sorption model and is presented by
the general form:
qe = KFCen
(2)
where KF relates to sorption capacity and n to
sorption intensity. The logarithmic form of Eq. (2)
given below is usually used to fit data from batch
equilibrium studies:
(3)
logqe = logKF + n logCe
Figs. 4 and 5 present the linear, Freundlich
isotherm plots for chromium (III) adsorption on the
ion exchange resins. The equilibrium data were
fitted well to Freundlich sorption isotherms. These
plots were used to calculate the isotherm parameters given in Table 2 for chromium (III).
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Resins
Lewatit CNP 80
Amberjet 1200H
n and KF empirical constants
R2correlation coefficient

n
1,069
0,817

KF
1,339
2,089

In order to investigate the mechanism of adsorption and its potential rate-controlling steps that
include mass transport and chemical reaction processes, kinetic models have been applied to analyse
the experimental data. In addition, information on
the kinetics of metal uptake is required to select the
optimum condition for full scale batch metal removal processes [7, 8].
Pseudo-first-order and pseudo-second-order
kinetic models have been applied to find out the
adsorption mechanism. The equation of the kinetic
models is expressed as follows:
The first-order rate equation is given as:
log(qe− qt ) = log qe–(k1/2.303)t
(4)
where qe and qt are the amounts of adsorbed
Cr (III) on the adsorbent at equilibrium and at time
t, respectively (mmol L-1), and k1 is the first-order
adsorption rate constant (mmol min−1). The calculated results of the first-order rate equation for the
sorption of Cr (III) ions onto Amberjet 1200 H and

R2
0,9871
0,9129

Lewatit CNP 80 are given in Table 3. It is found
that correlation coefficients values are low, showing the bad quality of linearization (not shown
here). Additionally, the qe value acquired by this
method is contrasted with the experimental value.
So the reaction cannot be classified as first-order.
One suggestion for the differences in experimental
and theoretical qe values is that there is a time lag,
possibly due to a boundary layer or external resistance controlling at the beginning of the sorption.
This time lag is also difficult to quantify. For this
reason, it is necessary to use a trial and error method in order to obtain the equilibrium uptake [9].
The pseudo-second-order equation is given as:
t/qt= 1/ k2qe2+ (1/qe)t
(5)
where k2 is the second-order adsorption rate
constant (mmol−1 min−1), and qe is the adsorption
capacity calculated by the pseudo-second-order
kinetic model (mmol L−1).
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Heavy Metal Ions
qe-cal
k1
qe-exp
R2
qe-cal
k2
qe-exp
R2
Lewatit CNP 80
4.073803
0.02303
198
0.425
200
0.025
198
0.9999
Amberjet 1200 H
5.000345
0.027636
161
0.385
166.6667
0.018
161
0.9999
9+, amount of metal adsorbed at equilibrium (mmol/L); 9+)'!, calculated amount of adsorption equation (mmol/L);
1, rate constant of first order adsorption (mmol−1 min−1); 1 , rate constant pseudo-second-order sorption (mmol− min−1);
, the correlation coefficients.


The constant k2 is used to calculate the initial
sorption rate h (mmol−1 min−1), at t→0 as follows
[10]:
h = k2qe2
(6)
The values of the correlation coefficients were
all extremely high and all greater than 0.999. Besides, the calculated qe values agreed very well with
the experimental data. Thus experiment results
supports the assumption behind the model that the
rate limiting step in adsorption of heavy metals are
chemisorption involving valence forces through the
sharing or exchange of electrons between adsorbent
and metal ions [11].


#!

[2] Ding, T.H., Lin, H.H., Whang, C.W. (2005)
Determination of chromium (III) in water by
solid-phase microextraction with a polyimidecoated fiber and gas chromatography-flame
photometric detection. J. Chromatogr. A. 1062,
49-55.
[3] Ali, A.H. and El-Bishtawi, R. (1997) Removal
of Lead and Nickel Ions Using Zeolite Tuff. J.
Chem. Tech. Biotech. 69(1), 27-34.
[4] Gode, F., Moral, E. (2008) Column study on
the adsorption of Cr(III) and Cr(VI) using
Pumice, Yarıkkaya brown coal, Chelex-100
and Lewatit MP 62. Bioresource Technology.
99, 1981–1991.
[5] Ünlü, N., Ersöz, M. (2006) Adsorption characteristics of heavy metal ions onto a low cost biopolymeric sorbent from aqueous solutions. J.
Hazard. Mater. 136, 272–280.
[6] Rengaraj, S., Joo, C.K., Kim, Y., Yi, J. (2003)
Kinetics of removal of chromium from water
and electronic process wastewater by ion exchange resins: 1200H, 1500H and IRN97H. J.
Hazard. Mater. B. 102, 257–275.
[7] Kütahyalı, C., Çetinkaya, B., Acar, M.B., Işık,
N.O., Cireli, İ. (2012) Investigation of Strontium Sorption onto Kula Volcanics using Central
Composite Design. J. Hazard. Mater. 201-202,
115-124.
[8] Febrianto, J., Kosasih, A.N., Sunarso, J., Ju,
Y.H., Indraswati, N., Ismadji, S. (2009) Equilibrium and kinetic studies in adsorption of
heavy metals using biosorbent: A summary of
recent studies. Hazard. Mater. 162, 616–645.
[9] Sağ, Y., Aktay, Y. (2002) Kinetic studies on
sorption of Cr(VI) and Cu(II) ions by chitin,
chitosan and    . Biochem. Eng.
12, 143–153.
[10]Djeribi, R., Hamdaoui, O. (2008) Sorption of
copper (II) from aqueous solutions by cedar
sawdust and crushed brick. Desalination. 225,
95–112.
[11]Isik, N.O., Kaygusuz, M. (2017) Removal of
chromium (VI) from aqueous solutions by anion exchange resins. Oxidation Communications. 40(4), 1384–1391.

The maximum percentage of metal removal
was attained after about 1 h. The uptake of Cr(III)
ion depended on pH. The resins were more selective at pH 2.8 for Cr(III) onto Lewatit CNP 80 and
pH 3.1 for Cr(III) onto Amberjet 1200 H. Equilibrium removal by ion exchange resins followed
Freundlich linear adsorption isotherm. The values
for adsorption capacity (KF) and intensity of adsorption (n) indicate the greater affinity for chromium by these resins. Kinetic study showed that the
pseudo-second order model is appropriate to describe the experimental and film diffusion might be
involved in the sorption process. The low value of
k2 (desorption process) indicates that the adsorbed
chromium is relatively stable on the adsorbent.
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come from photosynthesis, nitrogen fixation and
precipitation, and phosphorus comes from soil
minerals formed by weathering of the parent material. Due to differences in soil, vegetation, topography, and climate and to natural or anthropogenic
ecological disturbances, the quantity or ratio of C,
N, and P in soil displays a certain degree of spatial
heterogeneity [2]. Soil microbes regulate the decomposition of organic matter in soil and the energy balance during the formation of humus. Soil
microbial biomass (SMB) accounts for 1-5% of soil
organic carbon (SOC) [3]. The ecological stoichiometry of C, N, P and other elements in soil and
SMB affects the geochemical processes of the ecosystem and is essential for soil nutrient limitation
[4-6].
Kooijman [7] noted that homeostasis refers to
the ability of most organisms to maintain the
chemical composition of their body constant despite changes in the chemical composition of the
environment. Sterner and Elser [8] argued that
when the stoichiometry of the constituent elements
of an organism is independent of environmental
resources, the organism has strict homeostasis. If
the stoichiometry of an organism is conditional on
the stoichiometry of environmental resources, then
the organism has weak homeostasis. Cleveland et
al. [9] integrated global terrestrial ecosystem data
and concluded that the global C:N:P ratios of soil
and SMB are on average 186:13:1 and 60:7:1, respectively. The C:N:P ratio in SMB, similar to the
“Redfield ratio”, is homeostatic, and the N:P ratio
in SMB can be used as a tool to determine nutrient
limitation. Li et al. [3] thought that the carbon, nitrogen and phosphorus in SMB in southern subtropical China were significantly correlated with
carbon, nitrogen and phosphorus in the soil
(P<0.05) and that the microorganisms had weak
homeostasis. Ehlers [10] argued that exogenous
nitrogen and phosphorus fertilization has no effect
on the stoichiometry of Ferralsol SMB in Kenya
and that the microbial nutrient ratio is independent
of the soil environment. Xu et al. [6] conducted a
large-scale data analysis of carbon, nitrogen and
phosphorus in global soil and microbial biomass
and found that SMB in grasslands, forests and other

We selected 322 sampling sites among five
land use types (woodland, shrubland, grassland,
orchard and farmland) in the Taowan watershed,
China. We assessed the carbon (C), nitrogen (N)
and phosphorus (P) contents in the soil and soil
microbial biomass (SMB); the ecological stoichiometric characteristics of the samples; and the correlations between C:N, C:P, and N:P ratios in soil
and those in SMB. Significant differences were
noted between the atomic C:N, C:P and N:P ratios
in soil and those in SMB. The soil and SMB C:N:P
ratios for the five land use types can be ordered as
woodland>shrubland>grassland>orchard>farmland
and
orchard>farmland>grassland>shrubland>
woodland, respectively. The correlation between
C:P in soil and C:P in SMB was significant (r=0.46,
p<0.001), whereas no significant correlation
(p>0.05) was found for C:N or N:P. At the land-use
scale, the correlations between C:N, C:P and N:P in
woodland soil and the corresponding ratios in
woodland SMB were significant, and the correlations between C:N, C:P and N:P in soil and the
corresponding ratios in SMB for other land use
types were variable. The stoichiometric relationship
of C:N:P in SMB and soil may suggest a weak homeostatic mechanism for C, N and P in SMB in
terrestrial ecosystems.



$" 
Watershed, land use, ecological stoichiometry, carbon,
nitrogen, phosphorus
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The stoichiometric characteristics of carbon,
nitrogen and phosphorus in the soil of terrestrial
ecosystems are important indicators of the content
and quality of organic matter. The stoichiometric
ratio is an important feature of the dynamic process
of community ecology that can accurately reflect
the balance between soil nutrient mineralization
and immobilization [1]. Soil carbon and nitrogen
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chrysanthemum. The orchard, which has been
planted with peach trees and walnuts since the
1980s, was initially farmland. The application rate
of nitrogen fertilizer is 365 kg/hm2 and that of
phosphate fertilizer is 58 kg/hm2. The yield of
peaches is 9,000 kg/hm2. The farmland is tilled
with double cropping. The crops include sweet
potato, soybean, wheat, corn, etc., with an annual
application rate of nitrogen and phosphate fertilizer
of 192 kg/hm2 and 45 kg/hm2, respectively.
According to visits and field surveys, the intensity
of the human activity impact for the five land use
types follow an increasing order of woodland <
shrubland < grassland < orchard < farmland
(Table 1).

natural ecosystems has weak homeostasis and that
SMB in farmlands has the weakest homeostasis.
The Redfield ratio refers to the generally consistent
C:N:P ratio (106:16:1) found in phytoplankton and
throughout the deep oceans [11]. No consistent
conclusion has been reached by related studies
concerning whether soil microbes and soil in the
terrestrial ecosystem have analogous C:N:P ratios
and whether there is a similar feedback mechanism
[3, 9, 12].
The Taowan watershed in the Funiu Mountainous Area, Henan Province is a typical agricultural and forestry watershed. The different land use
types are affected by human activities (farming,
irrigation, nitrogen and phosphate fertilizer application, etc.) to varying degrees. According to the requirements of representativeness and randomness,
we used the cluster sampling method to determine
the C, N and P content in soil and SMB for different land use types and analyzed the correlations
between C:N:P ratios. Our objectives were as follows: (1) to reveal the distribution pattern of the
C:N:P ratio in soil and SMB in the Taowan watershed; (2) to quantify the effects of human activities
on the C:N:P ratio in soil and SMB at the land-use
scale; and (3) to explore the internal homeostasis of
soil microorganisms. This study is conducive to
promoting an understanding of the interaction between soil and soil microorganisms in watersheds
under warm temperate conditions and enriches the
theory of ecological stoichiometry.

2-/5%03/-1+= In April 2017, according to the
requirements of randomness and representativeness
[3], we set up 322 sampling sites for the five land
use types in the Taowan watershed; the distribution
of the sampling sites is shown in Table 1. In June
2017, surface litter was cleared from the sampling
sites, and samples were taken from the 0 to 20 cm
soil layer with a root auger whose inner diameter
was 10 cm. An approximately 600 g sample, evenly
mixed from 6 to 10 soil cores, was taken at each
sampling site. The samples were placed in sealed
bags, numbered, air dried for 3 d, and passed
through a 2 mm sieve.
,)0-'%/%1%/:5-5= The organic carbon, total
nitrogen, and total phosphorus in the soil and the
carbon, nitrogen and phosphorus contents in the
SMB of each soil sample were measured three
times to obtain average values.
The SOC was measured using an automatic
C/N analyzer (vario MAX, Elementar, Germany)
by the combustion method [3]. Soil total nitrogen
was measured using an automatic C/N analyzer
(vario MAX, Elementar, Germany). Soil total
phosphorus was measured by two methods: first,
alkaline oxidation digestion was adopted, and later,
the colorimetric method was used for measurement
[14]. The stoichiometry of soil carbon and nitrogen
is expressed in mol/kg and that of phosphorus is
expressed in mmol/kg.
The C and N contents in SMB were measured
by the chloroform (CHCl3) fumigation extraction
(FE) method [15,16]. Two soil samples, 25 g each,
were dried in advance in an oven. One sample was
not fumigated and was directly extracted with 0.5
M K2SO4 (oscillated at 200 r/min for 30 min). Another sample was placed in a vacuum desiccator,
fumigated with CHCl3 vapor at room temperature
for 24 h, vacuumed for 20 min to remove the remaining CHCl3, and immediately extracted with
100 ml 0.5 M K2SO4. Ten milliliters of fumigated
extraction liquid and an equal amount of unfumigated extraction liquid were collected, and the extracts were measured with an automatic carbon

   

42*-/) 2* 6,) 4)5)%4', %4)%= The Taowan
watershed is located in the Funiu Mountainous
Area, western Henan Province (111º20′0″111º35′55″ E, 33º43′0″-33º55′0″ N), is the source
watershed for the Yihe River, and includes Taowan
Town, Shimiao Township and the western part of
Luanchuan Township, Luanchuan County, Henan
Province. The watershed has a warm temperate
continental monsoon climate with an annual
sunshine of 2103 h, a frost-free period of 198 d and
an average annual precipitation of 872.6 mm. The
watershed area is 329.9 km2. The soil type of the
watershed is mainly brown soil. According to the
disturbance intensity of human activities, land use
is categorized into natural ecosystems (woodland,
shrubland, grassland) and artificial ecosystems
(orchard, farmland). Woodland accounts for 26.5%;
shrubland 19.7%; grassland 17.4%; orchard 18.7%;
and farmland 17.7%. The woodland in the study
area is high in altitude, and the dominant tree
species is cork oak, with an average biomass of
50,000 kg/hm2 [13]. The dominant species of
shrubland are Lespedeza bicolor and ferns, with a
low biomass of 8,000 kg/hm2 [13]. The dominant
species of grassland are Miscanthus and wild

271

"! 

 # 

                             


6%6-56-'%/ %1%/:5-5= SPSS 19.5 statistical
software and Excel 2016 were employed for data
analysis and plotting. The one-way ANOVA and
Duncan methods were used for the analysis of variance and multiple comparison (α = 0.05). The
Spearman method was used to perform the correlation analysis of the C, N, and P content in soil and
in SMB and their ecological stoichiometry.


analyzer (Phoenix 8000, USA) to compare and analyze the C content in SMB. The D-value between
the TOC of the fumigated soil sample and TOC of
the unfumigated soil sample was multiplied by a
conversion coefficient of 0.45 to calculate the C
content in SMB. Another 5 ml of extraction liquid
was collected, added to 10 ml oxidant (0.15 mol/L
NaOH + 30 g/L K2S2O8), and oxidized in an autoclave (at 120-124;C for 30 min). Then, the mixture
was cooled to room temperature. A 1 cm quartz
cuvette was used as a reference, and the absorbance
was read at wavelengths of 220 nm and 275 nm to
calculate the extracted organic nitrogen. The
D-value of the extracted organic nitrogen was multiplied by a conversion factor of 0.45 to calculate
the nitrogen content in SMB. P in SMB was obtained by the chloroform fumigation-NaHCO3 extraction-molybdenum blue colorimetric method,
and 700 nm was the measurement wavelength used
(UV-2450 ultraviolet spectrophotometer) [16]. The
stoichiometry of carbon, nitrogen and phosphorus
in SMB is expressed in mmol/kg.

! 

%4&21 1-642+)1 %1( 3,253,2475 '216)16
-152-/%1(= There was a large variation in the
carbon, nitrogen and phosphorus content in the soil
of the Taowan watershed (Table 2). The carbon
content in the soil was 0.12~5.51 mol/kg, with a
mean of 1.95 mol/kg and a coefficient of variation
(CV) of 46.6%. The N content ranged from 0.054
to 0.409 mol/kg, with a mean of 0.166 mol/kg and a
CV of 40.2%. The P content ranged from 1.6 to
35.4 mmol/kg, with a mean of 14.3 mol/kg and a
CV of 48.6%.


8)48-)92**-8)/%1(75)6:3)5-16,) %29%19%6)45,)(71-72716%-12754)%
Land use
type

Number of
sample sites

Altitude
(m)
1120~
1419

Mean temperature (°C)

Woodland

66

Shrubland

70

1320~
1589

12.5

Grassland

60

1345~
1690

11.5

Orchard

62

890~
1115

10.5

Peach tree, walnut
tree

Farmland

64

899~
1254

13.5

Sweet potato, soybean, corn, wheat

Total

322

10.5

Land management
characteristics

Vegetation
    
  
Ferns,    
,
 
 ,
  
  
    

Extensive operation and low human interference

Extensive operation and low human interference
Occasional grazing interference, extensive operation, and low human interference
Peach woodland, which is intensively managed
with an annual application rate of nitrogen of
approx. 365 kg/hm2 and an annual application
rate of phosphate fertilizer of approx. 58 kg/hm2
Intensively managed with an annual application
rate of nitrogen of approx. 192 kg/hm2 and an
annual application rate of phosphorous of approx.
45 kg/hm2



$
6%6-56-'52*'%4&211-642+)1%1(3,253,2475'216)16-1*-8)/%1(75)6:3)5-16,) %29%19%6)45,)(=
C
Land use
type

Minimum
value
mol/kg

Maximum
value
mol/kg

Woodland

0.119

5.505

Shrubland

0.843

3.818

Grassland

0.721

3.531

Orchard

0.123

2.796

Farmland

0.19

5.146

Whole
watershed
area

0.119

5.505

N
Mean
mol/kg

2.439±
0.88a
2.492 ±
0.82a
2.201 ±
0.58ab
1.393 ±
0.56b
1.347 ±
0.91b
1.957

CoeffiMinimum
cient of
value
variation
mol/kg
%

Maximum
value
mol/kg

36.6

0.0981

0.252

32.2

0.0558

0.29

26.6

0.0749

0.358

40.8

0.0622

0.409

67.1

0.0537

0.327

46.6

0.054

0.409

Mean
mol/kg

P
MaxiCoeffiCoefficient Minimum mum
cient of
Mean
of variation value
value
mmol/kg variation
%
mmol/kg mmol/k
%
g

0.170 ±
0.042b
0.185 ±
0.064ab
0.197 ±
0.065a
0.129 ±
0.067c
0.141 ±
0.066c
0.166

Notes: A different letter or letter combination indicates a significant difference in the same column.
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25.2

6.5

30.9

34.8

1.7

32.1

33.1

4.8

35.4

51.4

1.6

31.8

47.8

1.7

32.6

40.2

1.6

35.4

13.2±
5.94b
13.7 ±
6.60b
16.4 ±
14.15a
13.1 ±
6.99b
14.2 ±
6.72b
14.3

45.1
48.2
48.6
50.8
47.8
48.6

"! 

 # 
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6%6-56-'52*%1('216)165-1*24*-8)/%1(75)6:3)5-16,) %29%19%6)45,)(=
C
Land
Coeffiuse Minimum Maximum Mean cient of
value
value
type
mmol/kg variation
mmol/kg mmol/kg
%
Woodl
137.9±5
8.29
603.3
43.3
and
9.7a
Shrubl
156.6±5
10.81
462.8
34.2
and
3.5a
Grass72.4±31.
9.78
312.4
43.0
land
1b
Or44.7±25.
7.45
310.7
58.1
9c
chard
Farm32.4±22.
6.01
367.4
70.4
land
7c
Whole
wa6.01
603.3
80.86
51.3
tershed
area

N
MiniMaximum
mum
Mean
value
value
mmol/kg
mmol/kg
mmol/kg
11.50±4.
1.26
27.93
96a
12.73±5.
1.30
31.77
15a
6.61±2.8
0.75
16.15
1b
3.88±2.0
0.79
10.55
0c
2.32±1.3
0.71
10.40
9c

P
MiniMaxiCoefficient
mum
mum
Mean
of variation
value
value mmol/kg
%
mmol/kg mmol/kg
2.00±1.01
43.2
0.10
4.51
a
2.05±1.08
40.5
0.05
4.28
a
0.93±0.57
42.6
0.07
3.21
b
0.62±0.36
51.6
0.03
1.58
c
0.45±0.29
60.3
0.02
1.55
c

0.71

63.9

31.77

7.44

0.02

4.51

1.24

Coefficient of
variation
%
50.4
52.8
61.8
58.5
66.5

83.6

Notes: A different letter or letter combination indicates a significant difference in the same column.

At a land-use scale, the carbon content in
woodland and shrubland was the highest, followed
by that in grassland, and orchard and farmland had
the lowest carbon content. There was a significant
difference between the values for woodland, shrubland, and grassland and the values for orchard and
farmland (p<0.05). Grassland had the highest content of total nitrogen, followed by woodland and
shrubland. The nitrogen content in orchard and
farmland was low. There was a significant difference between the values for grassland, shrubland,
and woodland and the values for orchard and farmland (p<0.05). The trend of total phosphorus content was similar to that of nitrogen.
The variation in carbon, nitrogen and phosphorus content in SMB in the Taowan watershed
was greater than that in soil and had a higher CV
(Table 3). The C content in SMB ranged from 6.0
to 603.3 mmol/kg, with a mean of 80.8 mmol/kg
and a CV of 51.3%. The C content in SMB was
4.1% of the SOC content on average. The N content in SMB ranged from 0.71 to 31.7 mmol/kg,
with a mean of 7.44 mmol/kg and a CV of 63.9%.
The N content in SMB was 4.6% of the total soil
nitrogen (TSN) content on average. The P content
in SMB ranged from 0.02 to 4.51 mmol/kg, with a
mean of 1.24 mmol/kg and a CV of 83.6%. The P
content in SMB was 8.6% of the soil total phosphorus content on average. The contents of C, N
and P in the SMB of woodland were the highest,
and no significant difference (p>0.05) was observed between woodland and shrubland. The contents of C, N and P in the SMB of orchard and
farmland were low, and the difference was not significant (p>0.05). There was a significant difference (p<0.05) between the values for woodland and
shrubland and the values for grassland, orchard and
farmland.

that there was a significant positive correlation between the SOC content and TN content in soil in
the Taowan watershed (r=0.827, P<0.001) (Figure
1). SOC and TP showed a significant positive correlation (r=0.3280, p<0.001), and there was a significant positive correlation (r=0.278, p<0.001)
between TN and TP. The correlation coefficient
between SOC and TN was higher than that between
TN and TP. The correlation coefficients between
TP and TN and between SOC and TN were low.
However, due to the large sample size, the P available to soil plants in the study area might have a
significant impact on the accumulation levels of
SOC and TN [3].
Spearman’s correlation test revealed that there
was a significant positive correlation between C
content and N content in SMB in the Taowan watershed (r=0.781, P<0.001) (Figure 2). A significant
positive correlation (r=0.459, p<0.001) was present
between the C and P content in SMB, and a significant positive correlation (r=0.354, p<0.001) was
also present between N and P in SMB. The correlation coefficient between C and N in SMB was
higher than that between N and P. The correlation
between C and N in SMB was lower than that between C and N in soil, while the correlations between C and P in SMB and between N and P were
higher than their counterparts in soil.

  %1(  -1 52-/ %1( = The
soil C:N in the Taowan watershed ranged between
7.9 and 18.5, with a mean of 11.9 and a CV as
small as 18.5%. The variation in soil C:N was
much smaller than that in soil C content (51.3) and
N content (61.9), and the variation range was significantly constrained (Table 4). The soil C:P ratio
in the Taowan watershed ranged from 43.0 to
410.1, with a mean of 129.0 and a CV of 34.4%.
The soil N:P ratio ranged from 3.3 to 52.5, with a
mean of 10.8 and a CV of 31.1%. The CVs of the
soil C:P and N:P were much higher than that of soil

244)/%6-21 &)69))1   %1( '216)16-1
52-/%1(= Spearman’s correlation test revealed
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244)/%6-215&)69))1%1(-1=

C:N. The range of CVs for soil C:P and N:P was
also constrained compared to those for soil C, N,
and P.
The C:N ratios in the natural ecosystems, including woodland, shrubland and grassland, were
not significantly different (p<0.05), and the C:N
ratios of the artificial ecosystems, including farmland and orchard, were also not significantly dif-

ferent (p<0.05). However, there was a significant
difference (p>0.05) between the C:N ratio of
woodland and that of farmland. The C:P and N:P
and C:N ratios for the five land use types showed
similar patterns. The atomic C:N:P ratio in the soil
of the Taowan watershed was 129:10.8:1 (equivalent to a mass ratio of 49.9:4.9:1).
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.
6%6-56-'52*%1(4%6-25-16,) %29%19%6)45,)(=
C:N
Land use
Minimum
type
value

Maximum
value

Woodland

10.9

18.5

Shrubland

9.2

18.1

Grassland

8.4

17.6

Orchard

7.9

17.3

Farmland

8.1

18.4

Whole
watershed
area

7.9

18.5

C:P
Mean
14.0±
1.7a
14.7±
1.7a
12.0±
1.8ab
10.3±
1.8b
10.0±
1.9b
11.9

Coefficient Miniof variamum
tion%
value

Maximum
value

11.9

30.1

279.0

11.9

55.7

410.1

14.6

72.9

346.9

17.6

58.7

305.2

19.0

43.0

292.6

18.5

43.0

410.1

Mean

N:P
Coefficient of
variation%

Minimum
value

26.4

4.4

Maximum
value

C:N:P

Mean

Coefficient of
variation%

179.0±
47.3a
176.6±
53.5a
131.0±
34.0b
97.0±
42.7c
88.8±
31.4c

12.8±3.0
a
12.0±3.1
40.7
a
10.9±3.0
47.0
ab

30.3

4.2

25.9

4.1

44.1

3.7

52.5 9.4±3.9b

41.9

35.4

3.3

40.0 8.9±3.0b

33.5

89:8.9:1

129.0

34.4

3.3

52.5

31.1

129:10.8:
1

35.3

10.8

23.3
25.7
27.7

179.2:12.
8:1
176.4:12:
1
130.8:10.
9:1
96.8:9.4:
1

Notes: A different letter or letter combination indicates a significant difference in the same column.


0
6%6-56-'52*%1(4%6-25-1-16,) %29%19%6)45,)(=
Land use type Minimum
value
Woodland

2.8

Shrubland

4.0

Grassland

4.8

Orchard

4.9

Farmland

5.7

Whole watershed area

2.8

C:N
Maximum
Mean CV %
value
11.8±2.3
23.6
19.3
a
11.8±1.7
18.4
14.1
a
11.5±2.3
22.3
20.2
a
12.5±3.0
31.3
24.0
a
12.5±3.5
39.4
27.6
a
39.4

11.9

Minimum
value

25.1

4.7
18.9
11.6
21.5
22.4
4.7

C:P
Maximum
Mean CV %
value
72.2±26.
291.9
36.2
1b
70.8±21.
242.3
30.0
2b
72.3±21.
227.0
30.1
7b
82.4±35.
508.2
42.7
2a
82.3±46.
794.1
56.8
8a
794.1

74.7

50.2

N:P
Minimum
value

Maximum
value

Mean

CV %

0.9

14.9

6.1±1.7a

27.5

1.4

60.0

6.0±3.2a

52.8 70.8:6:1

0.7

28.1

6.3±2.2a

34.7 72:6.3:1

1.4

27.3

6.6±2.6a

39.0 82:6.6:1

1.5

48.8

6.6±3.9a

58.9 82:6.6:1

0.7

60.0

6.3

46.0

C:N:P

72:6:1

74.7:6.3
:1

Notes: A different letter or letter combination indicates a significant difference in the same column.

3
3)%40%1'244)/%6-21&)69))1%1(4%6-25-152-/%1(-1-16,) %29%19%6)45,)(
,-1%
Land use type
Woodland
Shrubland
Grassland
Orchard
Farmland
Whole watershed area

C:N
r
-0.19
0.21
0.19
0.03
0.16
0.07

p
0.031
0.001
0.019
0.361
0.071
0.277

C:P
r
0.59
0.40
0.26
0.19
0.54
0.46

p
<0.001
<0.001
0.002
0.029
<0.001
<0.001

N:P
r
0.27
-0.04
0.07
0.11
0.07
0.14

p
0.006
0.491
0.415
0.438
0.454
0.085


The soil C:N:P ratio in the Taowan watershed
represented the different degrees of land use or
human disturbance. As shown in Table 4, the C:N
ratio of woodland (14) and that of shrubland (14.7)
were very similar; both of these ratios were slightly
higher than that of grassland (12.0) but significantly
higher than those of orchard and farmland. The C:P
and N:P ratios displayed similar patterns.
The soil C:N:P ratio was generally in the order
of woodland > shrubland > grassland > orchard >
farmland. The soil C:N:P ratio of woodland was
179.2:12.8:1, slightly higher than that of shrubland
(176.4:12:1) and significantly higher than those of

orchard and farmland (96.8:9.4:1 and 89:8.9:1, respectively) characteristic of strong human disturbance.
The SMB C:N ratio in the Taowan watershed
ranged from 2.8 to 39.4, with a mean of 11.9 and a
CV of 25.1%. The SMB C:P ratio ranged from 4.7
to 794.9, with a mean of 74.7 and a CV of 50.2%
(Table 5). The SMB N:P ratio ranged from 0.74 to
59.9, with a mean of 6.3 and a CV of 46.0%. According to their CVs, the SMB C:P ratios were
more scattered than other ratios. The C:N:P ratio in
SMB in the Taowan watershed was 74.7:6.3:1
(equivalent to a mass ratio of 28.9:2.8:1). Similar to
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the variations in the soil C:N:P ratio, the CVs of
C:N, C:P, and N:P in SMB were all smaller than
the corresponding SMB C:N:P values, and the distribution of the SMB C:N, C:P, and N:P ratios was
also constrained.
Under the abovementioned five land use types,
no significant difference (p<0.05) was observed
between SMB C:N and N:P. Similarly, no significant difference (p<0.05) was observed between the
SMB C:P ratios of woodland, shrubland and grassland, and no significant difference (p<0.05) was
observed between the SMB C:P ratios of orchard
and farmland. However, a significant difference
(p>0.05) was present between the SMB C:P ratios
of woodland and farmland. The SMB C:N:P ratios
followed a descending order of farmland > orchard > grassland > shrubland > woodland.

mass ratio of 31:3.6:1), which was well constrained. The average soil C:N:P ratio in the
Taowan watershed was 129:10.8:1, which was well
constrained. However, the C:N:P ratio in the soil of
the Taowan watershed is higher than the national
soil C:N:P ratio estimated by Tian et al. [19] and
higher than that estimated by Li et al. [3], yet lower
than the global soil C:N:P ratio (186:13:1) estimated by Cleveland et al [9]. The C and N content vary
greatly in Chinese soils, and the total P content is
low overall. In addition, the soil C:P and N:P ratios
are high [19, 20]. Although this study area is close
to that of Li et al. [3] and Chen et al. [21] in geographical location, the soil C:N:P ratios for the
three regions are not consistent, indicating that the
soil C:N:P ratio shows substantial heterogeneity.
Geographical location, land management mode,
soil texture, vegetation type and other factors exert
a profound impact on the soil carbon, nitrogen, and
phosphorus content. The divergence in research
results might also be due to differences in the
method of determining sample sites and the method
of measurement.
The SMB C:N:P ratio in the Taowan watershed is 74.7:6.3:1 (equivalent to a mass ratio
28.9:2.8:1), which approximates that of SMB in
southern subtropical China (70.2:6:1, equivalent to
a mass ratio of 27.2:2.7:1) found by Li et al. [3] and
is also close to the global SMB C:N:P ratio (60:7:1)
obtained by Cleveland and Liptzin [9]. Soil microbes are mainly composed of bacteria and fungi
in the soil, and the distribution of microbes in the
soil is not even. Microbial bacteria have strict homeostasis, while microbial fungi do not have such a
property [22]. Therefore, generally, the C:N:P ratio
of SMB may vary with the resource dependence
determined by the population and composition of
bacteria, fungi and other forms of SMB in soil. The
stoichiometric SMB C:N:P data obtained by
Cleveland and Liptzin [9], Li et al. [3] and researchers in this study came from different regions.
Soil microorganisms are affected by element availability, vegetation type, hydrological characteristics, climate, human disturbance and other habitat
factors. However, the similarity of numerical values
and constraints for this stoichiometric relationship
indicates that a ratio similar to the marine Redfield
ratio may also exist for soil SMB. Moreover, the
paired contents of C:N, C:P and N:P in SMB in the
Taowan watershed display high CVs. The C:P ratio
in SMB varies greatly for different land use types,
and its CV can reach as high as 50.2%. Under certain circumstances, there is a weak homeostasis in
the elemental stoichiometry of SMB [23,24].
Little literature is available concerning the
correlation between the C:N:P ratios in soil and
SMB [25-27]. The correlations between the C:N
and N:P ratios in soil and the corresponding ratios
in SMB in the Taowan watershed were not significant. There was a significantly positive correlation

244)/%6-21&)69))1%1(4%;
6-25-1 52-/ %1( = Table 6 shows that the correlations between the stoichiometric ratios of C:N,
C:P, and N:P in soil and the corresponding ratios in
SMB in the Taowan watershed were not consistent.
Only the correlation between C:P in soil and in
SMB was extremely significant (r=0.46, p<0.001),
and the correlations for C:N and N:P were not significant (p>0.05) at the watershed scale. At a
land-use scale, the correlations for C:N, C:P and
N:P in woodland were all significant, and the correlations for C:N and C:P in shrubland and grassland were both significant. However, the correlation for N:P was not significant. The correlation for
C:N was significant in woodland, shrubland, grassland and farmland, but not so in orchard. The correlation for C:P was significant in all five land use
types (p<0.05). N:P was only significantly correlated in woodland.


!
Soil is the basis for nutrient supply and regulation in terrestrial ecosystems. Soil C:N:P is an
important indicator of soil carbon, nitrogen and
phosphorus cycling. This ratio can reflect the variability of ecosystem functions and is conducive to
determining the response of relevant ecological
processes to global changes. However, there is no
completely consistent consensus on the soil C:N:P
ratio relationship [17, 18]. Tian et al. [19] used the
Chinese soil database to calculate the average
C:N:P ratio as 60:5:1 in China. However, the variation was substantial and not well constrained. Furthermore, Tian et al. [19] believed that the average
C:N:P ratio of tropical and subtropical soil in China
was 78:6.4:1 and the C:N:P ratio in the 0-10 cm
layer of organic-rich soil in soil was 136:9.3:1; both
of these ratios were well constrained. Li et al. [3]
considered that the soil C:N:P ratio in southern
subtropical China was 80:7.9:1 (equivalent to a
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between the C:P ratios, indicating that the SMB
C:P ratio in the Taowan watershed underwent a
positive change with respect to the C:P ratio in the
soil environment. If sufficient C is available in soil,
then P accumulated in SMB may respond positively
to the bioavailable phosphorus in the soil environment. This also demonstrates that to some extent,
phosphorus is the limiting factor of soil microbial
productivity in the Taowan watershed, and SMB
may not be a homeostatic system [3, 10]. Soil in the
Taowan watershed is highly weathered, and soil
phosphorus is strongly adsorbed or bound by soil
calcium, iron and aluminum composite compounds.
Therefore, the availability of phosphorus is very
low [3, 28]. Cross et al. [23] reported that the C:P
ratio of bacteria ranged between 5 and 370 and that
of fungi ranged between 300 and 1190. Manzoni et
al. [24] thought the SMB C:P ratio ranged between
60 and 860. Li et al. [3] reported that the SMB C:P
ratio in southern subtropical China ranged from 7.3
to 249.3. The ratio in the Taowan watershed ranged
between 4.7 and 794.1. All of these results prove
that the SMB C:P ratio is highly variable and that
its variation hinges on the soil resource environment. The correlations between C:N and N:P in soil
and the corresponding ratios in SMB in the Taowan
watershed were not significant (Table 4), which is
consistent with the results obtained by Cleveland
[9], Ehlers [10] and Li et al. [3]. Moreover, the
range of C:N ratios in SMB was greater than that in
soil, which further indicates that the microbial
community is not an equilibrium system.
At the land-use scale in the Taowan watershed, the atomic C:N:P ratios of different soils
show a significant trend (Table 4). The soil C:N:P
ratio generally follows the order of woodland >
shrubland > grassland > orchard > farmland. We
believe that the difference in environmental factors
(different altitudes, etc.), vegetation types and land
management measures (fertilization, irrigation, etc.)
are the factors determining the soil C:N:P ratio. In
this study, the ratio of C:N:P in woodland soil
(179:12.8:1) was the highest, closely followed by
that of shrubland, whereas that of farmland
(89.8:9:1), being the lowest, was close to that of
orchard. The ratio of grassland was intermediate.
This trend may be due to the fact that the soil was
highly weathered in the watershed. The TP content
in the soil was usually very low, and the C:N:P
ratio in the woodland soil was high, which may be
attributed to the relatively high SOC content in
woodland soil in the Taowan watershed or to the
artificial application of more phosphorus fertilizer
in farmland and orchard. The results of this study
are also consistent with those of related studies. For
example, Cleveland and Liptzin [9] argued that the
C:N:P ratio of global forest soil is 212:15:1 and that
of grassland is 166:12:1. Aponte et al. [29] believed
that the average C:N:P ratio of forest soil was
higher than that of orchard soil in Spain.

At the land-use scale in the Taowan watershed, the SMB C:N:P ratio was completely different from the soil C:N:P ratio. The order was orchard> farmland > grassland > woodland> shrubland. Affected by human activities and environmental factors, the SMB C:N:P ratios of farmland
and orchard (artificial ecosystem) were close and
relatively high. The SMB C:N:P ratios of woodland, shrubland and grassland (natural ecosystem)
were relatively low. There was a significant difference in C:P between the two groups. However,
there was no such significant difference in the C:N
and N:P ratios. Compared with the soil C:N:P ratio
(Table 4), SMB C:N:P showed no obvious change
tendency under the influence of environmental factors and land management modes. This indicates
that SMB stoichiometry is affected by land use type
and land management measures (irrigation and fertilization). Moreover, SMB stoichiometry may be
related to the complex chemical composition of
SMB itself. Different land use types in the Taowan
watershed exhibited different SMB C:N:P ratios
(Table 5). Among the five land use types, the SMB
C:N:P ratio in shrubland was the lowest, whereas
that in orchard was the highest (Table 4). In stark
contrast to the trend in the soil C:N:P ratio, a greater application of exogenous fertilizer contributed to
a lower C:N:P ratio. The factors affecting the
C:N:P ratio of soil cannot account for the trends in
the SMB C:N:P ratio.
There are significant differences between
SMB C:N:P ratios for different land use types in
the Taowan watershed; these ratios are also significantly different from the SMB C:N:P (48:5:1) of
grassland and that (74:9:1) of forest on a global
scale reported by Cleveland and Liptzin [9]. Aponte
et al. [29] noted that there were different SMB
C:N:P ratios between artificial woodland (75:9:1)
and natural forest (85:11:1) in the Spanish data set.
Differences in land use, vegetation type and land
management mode may result in differences in the
soil microbial community structure and biomass.
The stoichiometry of SMB elements varies with
land use type.
There was an extremely significant correlation
between the C:P ratio in soil and that in SMB in the
Taowan watershed, yet no significant correlation
was observed for the C:N and N:P ratios, indicating
a weak homeostatic mechanism for the stoichiometry of elements in SMB. The complex correlation
between the C:N, C:P and N:P ratios in soil and
those in SMB for different land use types further
illustrates the dependence of the chemical composition of C, N, and P on the soil environment to varying degrees.
The woodland in the Taowan watershed is a
pure natural ecosystem with extensive management
and no artificial application of nitrogen or phosphorus fertilizer. There was a significant positive
correlation between the C:P ratio of woodland soil
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and that of woodland SMB, as there was for the
N:P ratio (r=0.27, p<0.05). The significant positive
correlations for the C:P and N:P ratios may indicate
that microorganisms in woodland soil in the
Taowan watershed exhibit weak homeostasis; that
is, the chemical composition of C, N and P in microorganisms relies on soil environmental resources. There was a significant negative correlation (r=-0.19, p<0.05) between the C:N ratios in
woodland soil and woodland SMB, indicating that
soil C may be limited in the woodland of this region. When the amount of vegetation litter, such as
    is low and malnutrition occurs, litter
contributes little to soil humus C [30]. SMB adapts
to adverse environments by reducing the utilization
efficiency of exogenous carbon [24]. In addition,
the observed C:N ratios may be due to the increased activated nitrogen emissions resulting from
air pollution or anthropogenic activities in recent
years, leading to a remarkable increase in nitrogen
deposition in this region [31]. However, the actual
mechanism responsible for the significant negative
correlation between the soil and SMB C:N ratios in
woodland remains unclear.
Although a great deal of nitrogen and phosphorus fertilizer is applied to farmland and orchard
in artificial ecosystems, nutrient consumption (crop
harvesting, soil gas emission, nutrient leaching, soil
erosion, etc.) remains high under the current farming system [32]. Fifty percent of nitrogen and
phosphorus is lost by crop harvesting in the
Taowan watershed. The correlations between the
C:N and C:P ratios in soil and those in SMB for the
five land use types in the Taowan watershed show
that SMB in natural ecosystems (woodland, shrubland, etc.) depends more on N and P in the soil environment than does SMB in artificial ecosystems
(farmland and orchard) [3].

type and artificial management method. Weak homeostasis is present for the stoichiometric C:N:P
ratio in SMB in the Taowan watershed. Our study
is limited to a small watershed in a warm temperate
zone. Only by statistical analysis of large samples
of data in different climatic zones and land uses
worldwide can light be shed on the correlation between the soil and SMB C:N:P ratios and the regulation mechanism for the elemental stoichiometry
of SMB.
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concentration of solid particles is not the only factor
to be examined. The size of particles is important as
well. In particular, in the case of combustion-related
particles it has been observed that the fine particulate
matter fractions are especially harmful to the human
health and, indeed, it is well known that residential
combustion generates high amounts of fine particulate matter [3]. In Croatia, the maximum permissible
emission values of solid particles are stated in the
Regulation on limit values of pollutant emissions
into the atmosphere from stationary sources (N.N.
87/17) for various technological processes [4].
The determination of the actual concentrations
of solid particles in waste gas (regardless of the technological process) is done in accordance with standardized sampling methodology and sample processing. The procedure is different for higher concentrations of solid particles ranging from 20 mg
m-3 to 1000 mg m-3, and lower concentrations in the
range of 5 to 50 mg m-3. The two ranges are covered
by two different standards – ISO 9096 and ISO EN
13284-1, respectively [5, 6]. In both cases, a sample
stream of the gas is extracted from the main gas
stream at specified sampling points for a measured
period of time, with an isokinetic, controlled
flowrate. The volume of gas collected is measured,
and a pre-weighed filter, which is then dried and reweighed, separates the particulate matter (dust) entrained in the gas sample. Deposits upstream of the
filter in the sampling equipment are also recovered
and weighed. The increase in mass of the filter and
the mass deposited upstream of the filter is attributed
to particulate matter collected from the sampled gas.
The ratio of the mass of the particulate matter collected to the volume of gas collected allows the flue
gas particulate concentration to be calculated [5].
Sampling equipment commonly consists of a sample
pump with differential manometer, Pitot tube, sampling system (entry nozzle, suction tube, filter
holder, filters), dust deposit recovery accessories and
equipment for conditioning and weighing [5, 6].
Although the methods are well described in the
standards, there are still some problems associated
with them. With respect to the gas velocity which is
presumably equal to the velocity of particles, there
are two ways to measure it. One involves putting the
sensor at the sampling point before the sampling is

 

The device for measuring the gas velocity, volume flowrate of gas streams in ducts and mass concentration of solid particles in the waste air for interlaboratory comparative measurements in compliance with the standards ISO 10780, ISO 9096 and
ISO EN 13284-1 was envisaged and constructed.
The first set of measurements was done to allow for
the calculation of reference values of gas velocity
and solid particles concentration. The second set of
measurements done by independent laboratories was
used to calculate the value of standard deviation for
proficiency assessment of interlaboratory comparison in accordance with the standard statistical tests.
The data by independent laboratories were then assessed individually to check their performance.
Among the eight declared values, one unsatisfactory
value of gas velocity was detected. The results confirmed the validity of the idea behind this project.
  
Interlaboratory comparative measurement, gas velocity,
solid particles

    
In order to ensure the environmental compliance, all the reported emissions have to be tested for
quality and comparability, which can be done by accredited measurements only [1]. Among other procedures, interlaboratory comparisons are commonly
used to determine the performance of individual laboratories for specific calibrations, tests or measurements, and to monitor the continuing performance of
laboratories [2].
Regarding waste gas emissions, common regulated emission species include CO, NOx, TOC and
particles. Among those, CO, NOx and TOC are routinely measured by instrumental techniques based on
NDIR, chemical luminescence and FID. On the other
hand, measurement of solid particle concentration is
an example of manual method as it involves physically collecting the sample followed by manually
weighing the particles [1]. Yet, the overall
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started and the other is to measure the velocity during the sampling period using a sensor fastened to
the nozzle of the aspiration probe. Neither of the
ways is ideal. For the first method, the main problem
is in the time lag of the velocity measurement and
the aspiration of an aerosol sample. For that reason,
the measured velocity may not necessarily correspond to the one occurred at the sampling period.
This may violate the required isokinetic conditions
for sampling and the sample of solid particles taken
may not be representative. In the second measurement method, the velocity sensor is installed closely
to the inlet of the aspiration probe nozzle which may
disturb the motion of particles and therefore their velocity. This disadvantage may be reduced by a special probe with a pressure-balance aspiration with an
anemometric function. In both cases, it is important
to install the probe correctly in a sampling train
equipped with automatic control of the sampled gas
flow rate [7]. In addition to this, the accuracy of
measurements is influenced very often by the fact
that the sensor is not well placed and therefore the
gas samples are not representative for the whole
emission of particles [8].
The research described in this paper originated
from a desire to create a reference material (reference sample) that could be used in carrying out interlaboratory comparison measurements of solid particles in flue gases from stationary sources. By having such a sample, laboratory bias might be deprived
of the influences of poor stability or poor repeatability. The examples in the literature are scarce. Such a
sample may be realized in a predesigned device only,
with well-defined geometry and process parameters.
There is one such device in the Technical University
of Ostrava, the Czech Republic. The device consists
of a 7 m long, 313 mm wide circular duct, solid particles dosing system equipped with a fan, suction fan
and a cyclone. [9]. The device is situated within a
facility which increases the operating costs. On the
other hand, the duct diameter is lower than the critical value of 400 mm. This makes it unsuitable for
evaluating performances of laboratories involved in
measurements of solid particle concentrations in
large-diameter industrial chimneys, where a different sampling method is involved.
Therefore a new device is envisaged and constructed for creation of the reliable sample (reference
sample, i.e. reference material) of the known solid
particles concentration. The particles are to be uniformly dispersed across the duct; this requirement is
similar to the one observed in sampling gas or organic vapour mixtures [10]. The conditions of stability, homogeneity, repeatability and reproducibility
of sample generation are implied thereby.
In order to convert such a reliable sample into
reference material (or reference sample), it is necessary to perform a variety of measurements and tests
and to perform a statistical analysis of the

measurement results [11, 12]. Within this article, the
procedure is described in details.
     

-):<9-5-6;,-=&+-)6,+-5&+)4:For the
implementation of interlaboratory comparative
measurements of gas velocity and solid particulate
concentrations, a device was envisaged and constructed. The device consists of a fan powered with
a suitable engine, a circular duct with the sampling
ports, the dosing system for solid particles and the
metal platform (Fig. 1).
The duct is 800 mm in diameter and 6000 mm
in height, made of polypropylene. Sampling ports
are positioned at the height of 5 hydraulic diameters
above the ultimate point of the local pressure loss in
the flow path (elbow). Four sampling ports in the
form of 100 mm diameter flanges are placed in the
same cross section of the pipe (sampling plane); the
ports are positioned on two diameters perpendicular
to each other (axes x and y, Fig. 2).
The system incorporates a radial (centrifugal)
fan, manufactured by Miplast, Samobor, Croatia,
type: TK PRV-S7 P.P. of the following characteristics: the fan provides an air flow of 18000 m3 h-1 at
the static pressure increase (overpressure) of 1050 Pa
and the temperature of 20 °C.
The overall pressure drop due to the surface
roughness, the elbow, the transition from the square
profile to the round one at the duct entrance and the
height difference sum up to 120 Pa, with the maximum air flow at the sampling ports of 23000 m3 h-1
where the gas velocity is 12.72 m s-1 at the air temperature of 20 °C and the fan static pressure increase
of 930 Pa (taken from the aerodynamic fan characteristics provided by the manufacturer).
The dosing system incorporates a powder
mixer vessel to be used for the implementation of interlaboratory comparative measurements. The powder used consists of 3M™ glass spheres, type K1,
composed of soda lime borosilicate glass (97 – 100
%, CAS 65997-17-3) and synthetic amorphous
(crystal-free) silica gel (< 3 %, CAS 112926-00-8).
Particle size is about 115 μm, bulk density is 0.125 g
cm-3; the particles are white, odourless and chemically inert [13].

-):<9&6/897+-,<9-The reference value of
concentration of solid particles in the gas flow (the
reference sample) is to be created by introducing the
known mass of solid particles of the known composition and bulk density into the duct using a dosing
system. The concentration of solid particles between
15 and 25 mg m-3 is supposed to be achieved.
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+-5);&+=&->7.;-,-=&+-.795-):<9-5-6;7./):=-47+&;B)6,+76+-6;9);&767.:74&,8)9;&+4-:&6>):;-
)&9 C).)687>-9-,>&;):<&;)*4--6/&6- C)+&9+<4)9,<+; C;-,7:&6/:B:;-5.79:74&,8)9;&+4-:
C;-5-;)484);.795)6,C:)584&6/879;:
of the Pitot tube in the form of small holes. The difference between these two pressures is dynamic
pressure or differential pressure (diff). Dynamic
pressure is converted by calculation into gas velocity
() that is displayed on the display of the measuring
device. The gas volume flow in the duct is calculated
by multiplying the cross-sectional area of the duct by
the gas velocity. In principle, Pitot tubes of L type
and S type can be used for the measurement of gas
velocity in the duct. The most commonly used L type
Pitot tube is more suitable for gas velocity measurements when no pollutants are sampled at the same
time. L type pipe is less susceptible to fluctuations in
the flow than other types (e.g. S type). In the described case a L type Pitot tube was used for the determination of reference value of gas velocity (when
no solid particles were dosed in the duct).
The whole process consisted of the measurement of duct dimensions, definition of the required
number and positioning of sampling points (according to the standard ISO 10780), differential and static
pressure measurements, gas velocity measurements
at each sampling point, and finally of the calculation
of the volume gas flow [14].
After the exact determination of the gas velocity or gas flow profile, it is necessary to calculate the
mass of the solid particles to be added to the gas flow
in a given time interval to obtain the target concentration. The calculated amount of solid particles is
dosed into the gas duct in two measurement runs. In
the first run the sampling is performed for 16
minutes at four sampling points along the x axis of
the sampling cross section. In the second run the
same is done at the other four sampling points along
the y axis. For sampling of solid particles was performed using S type Pitot tube.


     







 

















 








     










)584&6/87&6;:*4)+3+&9+4-:87:&;&76&6/&6;-
,<+;+97:::-+;&7676;-;>7)?-:?)6,B
In order to obtain the specified value, firstly it
is necessary to determine the true values of the gas
velocity, i.e. the gas flow in eight sampling points
(Fig. 2) located in the same sampling plane according to the requirements of the standard measurement
method (ISO 9096, EN 13284-1, ISO 10780) [5, 6,
14]. The method requires measurements of temperature and absolute pressure at all sampling ports. For
the purpose of further calculation, 12 complete sets
of measurements were performed.
The gas velocity or gas flow rate is determined
by placing Pitot tube in the duct in the direction of
gas flow and then the differential pressure is measured by a measuring device (digital manometer). The
total pressure (t) of the gas flow is detected through
the central opening of the Pitot tube, and the static
pressure (st) is measured through the side openings
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;57:8-9&+89-::<9-),&..-9-6;&)489-::<9-,&..)6,:;);&+:;7=-989-::<9-,<+;;-58-9);<9-
)6,/):=-47+&;B )=-9)/-:7=-9-&/;:)584&6/87&6;:
)584-7
1
2
3
4
5
6
7
8
9
10
11
12
-)6

)!)
102100
102100
102100
102100
102100
102100
102100
102100
102100
102100
102100
102100


,&..!)
91.39
91.01
91.15
91.69
91.60
90.89
94.51
94.34
93.22
93.11
93.57
95.12
  

:;!)
9.81
10.14
10.08
7.80
7.12
6.64
12.18
10.85
9.48
10.06
9.19
11.54
 

     

-.-9-6+- =)4<- 7. /): =-47+&;B Table 1
shows the values of measured differential pressure,
static pressure and temperature. The data entries are
the average values measured at all eight sampling
points along the two axes of the sampling cross section.
With the known conditions of temperature, differential and static pressure in the duct and atmospheric pressure, it is possible to calculate the reference value of the gas velocity at any time, by the
equation:
78<?>>
8= 6

[m s-1]

  5: 
12.48±0.39
12.45±0.39
12.46±0.39
12.50±0.39
12.49±0.39
12.44±0.38
12.69±0.39
12.68±0.39
12.60±0.39
12.59±0.39
12.63±0.39
12.73±0.39
B  

where  is the Pitot tube coefficient (1.01 for the L
type tube [8, 9], 0.84 for the S type tube[8]),  is the
conversion parameter equal to 129 m s-1 [kg(kmol
K)-1]0.5, is the average stack gas temperature [K],
is the molar mass of gas (29 kg kmol-1 is assumed
for air), e is the absolute gas pressure [kPa], ,0.. is
is the average Pitot tube pressure difference [kPa]
[14]. Absolute gas pressure is calculated by summing the static (over)pressure, st and atmospheric
pressure, a, at the instant of measurement. Eq. 1 can
be used for the calculation of mean value of reference velocity at all sampling points in both axes.
All the results are shown in the corresponding
column of Table 1. The reference value of the gas
velocity at a temperature of 25.0 °C and atmospheric
pressure of 102100 Pa is calculated as a mean value
of all 12 complete sets of measurements and amounts
to 12.56 m s-1. The reference value applies exclusively to the existing device installation used for the
interlaboratory parallel measurements of gas velocity, volume gas flow and solid particles concentration.
Fig. 3a compares the measured values of differential pressure and the allowed deviation. Namely,
differential pressure measured at all sampling points
on both axes must not deviate more than 24 Pa from
the mean differential pressure measured at all sampling points on both axes, as regulated by the standard [14]. Obviously, the condition is satisfied.
A similar test has to be done for the gas velocity
values, see Fig. 3b. The mean gas velocity measured
at each sampling point of each axis must not deviate
by more than ± 5% of the mean velocity measured at
all sampling points in both axes, as regulated by the
standard [14]. This condition is satisfied as well.
According to the results of differential pressure, static (over)pressure (tested but not shown due
to the practical irrelevance for the results), temperature and gas velocity, it can be concluded that the
conditions of differential pressure, temperature and
velocity are homogeneous. This means that there are
no significant changes in the values measured at the
height of 5 hydraulic diameters above the ultimate

Samples of solid particles in gas were extracted
from the duct at the same sampling points used for
measuring gas velocity, in a given time interval and
with controlled isokinetic conditions. Isokinetic
sampling involves equalizing the velocity within the
measuring device (in the Pitot tube) with the velocity
in the duct, by equalizing the two static pressures on
the differential pressure meter of the sampling device. The volume of sampled gas is passed through
the filter paper (previously dried and weighed). After
sampling and drying, the filter paper is re-weighed
to determine the mass difference, i.e. the concentration of solid particles in the volume of waste gas.
It is also necessary to collect residual particles
in parts of sampling equipment upstream of the filter,
which is done by washing with acetone and water
solution. The beakers with the rinse solution and the
remaining solid particles are dried in the drying oven
and then weighed. The total mass of solid particles
in the waste gas stream is obtained by summing the
mass of the particles remaining on the filter paper
and the mass of residual particles from the sampling
equipment.
For the purpose of further calculation, 12 complete sets of measurements were performed.

 D  J

A
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
 

(1)
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point of the local pressure loss in flow path (elbow),
i.e., the sampling points are representative and the
results can be used to calculate the reference gas
velocity.
For the interlaboratory comparison, the information on the measurement uncertainty of gas velocity ( ,ref)) has to be included in the results. This
includes the measurement uncertainties of differential pressure gauge (dpg), differential pressure (pdif),
static pressure (sp) and ambient temperature (at)
uncertainty (change in ambient temperature during
measurement) [15]. Atmospheric pressure uncertainty may be neglected because it is unlikely that the
atmospheric pressure will change significantly during the measurement (i.e. during several hours).
Likewise, the uncertainty of static pressure change is
negligible. The measurement uncertainty of gas velocity is therefore calculated by:

where pdif stands for the standard deviation of measured differential pressure for all samples and  is the
number of samples. The similar formula was used
for the temperature uncertainty, at=at/0.5 with at
being the standard deviation of measured temperature.
The calculated measurement uncertainty of velocity amounts to  ,ref)=±0.20 m s-1 for average
value of gas velocity. Nevertheless, the metrology
requires reporting the expanded measurement uncertainty as calculated by:
(3)
M:2-. N D  M:2-. N
where  = 2 is the so-called coverage factor for
Gaussian distribution, which corresponds roughly to
the 95% coverage probability (two-sigma rule) [15].
The reference value of the gas velocity is therefore
⎯ ,ref = 12.56±0.39 m s-1.

$
$
$
A 1,0.
A +4
M:2-. N D J,1/

-.-9-6+-=)4<-7.:74&,8)9;&+4-:+76+-6;9)
;&76 For the determination of solid particles concentration, 12 samples were collected at the atmospheric
pressures of 101545 Pa and 100850 Pa and duct temperatures of 5 °C and 4 °C, respectively, see Table 2.

(2)

The value for dpg is estimated to ±0.03%, as
coming from the calibration certificate [15, 16]. The
value for pdif is estimated to amount to ±1,52%, as
calculated from measured data, using pdif = pdif/0.5,
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*.79/):=-47+&;B .975;-5-)6=)4<-)6,;74-9)6+-:

 – average along both axes,  average along x axis,  –average along y axis. Straight solid lines denote min. and max.
tolerance levels at ±24Pa and ±5%, respectively.


 
):;-58-9);<9-);57:8-9&+89-::<9-,7:-,5)::7.:74&,8)9;&+4-:)6,:74&,8)9;&+4-:+76+-6;9);&76
)=-9)/-:7=-9-&/;:)584&6/87&6;:
)584-7
1
2
3
4
5
6
7
8
9
10
11
12
-)6

)!)
101545
101545
101545
101545
101545
101545
100850
100850
100850
100850
100850
100850


A
5
5
5
5
5
5
4
4
4
4
4
4
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180
180
180
180
180
180
180
180
180
180
180
180


89-.5/5 
15.65±1.10
15.50±1.09
15.06±1.05
14.96±1.05
15.35±1.08
15.77±1.10
15.41±1.08
15.02±1.05
15.55±1.09
15.69±1.10
15.60±1.09
15.47±1.08
 B  
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Dosing of solid particles and sampling of air
stream loaded with particles was performed as described above, in the experimental part. Solid particles were collected from the filter and from deposits
upstream of the filter and weighed. The results are
shown in Table 2 as well.
In expressing the results for concentration of
solid particles, the mean gas velocity has to be converted into the mean volume gas flow by:
(4)
 D    
[m3 h-1]
where  stands for the duct cross section area
[m2]. Volume gas flow is then reduced to standard
conditions (temperature of 273 K and atmospheric
pressure of 101325 Pa), by:
$'%
8;
P, [m3 h-1]
(5)
) D  O P O#"#%$&
7
where a and are actual readings of atmospheric pressure and ambient temperature at the instant of measurement.
Solid particles concentration is then calculated
easily by:
$'%
8;
) D  O 7 P O#"#%$&
P, [m3 h-1]
(6)
where  is the weighed mass of particles and 
is the sampling time. The results are included in Table 2, as averages over eight sampling points.
For the purpose of declaring the reference solid
particles concentration, it is necessary to provide the
information on the measurement uncertainty. This
includes the measurement uncertainties of dosage
(d), weighing scale (ws) as well as the measurement
uncertainty of gas velocity (( ,ref)) as calculated by
Eq. 2 [15-18].
The uncertainty of dosage originates from the
corresponding value of weighing scale only:
$ .
, D I53
(7)
Measurement uncertainty of solid particles
concentration is then calculated by:
M12-. N D J,$ A $ M:2-. N .

particles concentrations. Therefore, it is time to introduce other laboratories results into discussion.
The interlaboratory comparison was attended
by four test laboratories from Croatia, Bosnia and
Herzegovina and Serbia accredited according to the
ISO/IEC 17025 standard for measuring the gas velocity and the total dust content, the concentration of
solid particles in the waste air. The measurements
were done on the above described device in one day
where each laboratory measured the gas velocity and
solid particles concentration twice. All the measurements were performed at the atmospheric pressure of
102100 Pa, ambient temperature of 25.0 °C and relative humidity of 66%. The results are presented in
Table 3, in comparison to the reference values. The
reference value for solid particles concentration differ from that presented in Table 2 due to the fact that
they cannot be replicated exactly. Namely, mass of
dosed particles, ambient temperature and atmospheric pressure are all different for every series of
measurements and solid particles concentration has
to be recalculated each time the interlaboratory comparison is organized.
The same is in principle true for the reference
values for gas velocity. Nevertheless, in the presented case the differences in atmospheric pressure
and temperature were negligible at the instants of
reference measurements and interlaboratory comparison measurements.
;)6,)9,,-=&);&768)9)5-;-9:7.5-):<9-
5-6;. In interlaboratory comparative measurements
for accredited methods the ! value is used. It is the
so-called standard deviation for proficiency assessment (of interlaboratory comparison). It is the key
measure of (acceptable) dispersion used in the assessment of proficiency, based on the available information. There are five approaches to its setting:
1) by prescribing the value, 2) by perception, 3) from
a general model, 4) from the results of a precision
experiment and 5) from data obtained in a round of
a proficiency testing scheme. The choice between
these methods shall be the responsibility of the coordinator of interlaboratory comparative measurements, in consultation with the members of the
scheme and any relevant accreditation body, and taking into account any relevant regulation. The method
5) is unlikely to be applicable when the number of
laboratories participating in the scheme is small [19].
This issue is discussed in a recent article by Coleman
  as well. [20].
In this work, methods 2) and 4) were combined
and used for the determination of the 14 value.
Firstly, σL value, the between-laboratory standard
deviation is calculated from the results of a precision
experiment:
( D I*$ B 2$
(10)
where σR is the standard deviation of reproducibility of all laboratories (as calculated from data entries in Table 3, including the reference values) and

(8)

In previous equations, the value for ws is estimated to ±0.07%, as originating from the calibration
certificate [10, 12]. The total standard measurement
uncertainty of solid particles concentration in the described experiment amounts to ( ,ref) = ±1.55%.
As mentioned before, the expanded measurement
uncertainty has to be calculated by:
(9)
M82-. N D  M82-. N,
and reported subsequently. Thus in the described experiment the expanded measurement uncertainty amounts to ( ,ref) = ±3.10%. The percentage is converted into the value and included in
Table 2. The reference value of the solid particles
concentration is therefore ⎯ ,ref = 15.42 ±
0.48 mg m-3.
?8-9&5-6;)49-:<4;:7.&6,-8-6,-6;4)*79)
;79&-:The final purpose of investigations described
in this article is to prepare a reference sample for interlaboratory comparisons of gas velocity and solid
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σr is the standard deviation of repeatability of our

(12)
M: NMG1 HN E 14 ,
where M: N and M8 N are measurement uncertainties of the assigned values of velocity and particles concentration, respectively. If the criterion set
by equation 12 is applied, then it can be assumed that
the measurement uncertainty of the assigned value is
negligible and may be excluded from the interpretation of the results of the interlaboratory comparison
[19]. Based on the results shown in Table 5, the
measurement uncertainty of the assigned gas velocity cannot be neglected and that of the assigned solid
particles concentration is negligible. The difference
between meeting or non-meeting the condition will
be reflected in the way how the results of individual
labs are assessed, to be described later in more details.
In principle, the reference material/sample has
to be characterized with respect to the values of homogeneity, repeatability and reproducibility [11]. As
proved by Figs. 3 and 4, the reference sample is sufficiently homogeneous and stable with respect to differential pressure and velocity (and all other conditions). The set of properties to be tested for homogeneity depend on the intended use of the reference
material as well as on the measurement process itself
[21]. The second test deals with an additional condition for homogeneity verification is described by the
following equation [19]:
2 E 14 ,
(13)

measurements (as calculated from dana entries for
gas velocity and solid particles concentration in Table 1 and 2, respectively. The results for σR, σr and
σL are all summarized in Table 4. Secondly, according to [13] the formula:
(11)
14 D IM C ( N$ A M2$ N
is used where ϕ is the factor to be determined
by experience (ϕ ≥ 0.5) and  is the number of replicate measurements to be performed by each laboratory ( = 2 here). If the value set for  is small (say
 < 0.5), it implies that the chosen value of σpt corresponds to a level of reproducibility that laboratories are unable to achieve in practice [19]. In this
case ϕ was set to 1. Due to the complexity of measurements (sampling under isokinetic conditions, filter preparation, sample treatment, weighing etc.) the
ϕ value was set to 1 which produced reasonable values for σpt to comply with the achievable reproducibility of the tested laboratories. The calculated σpt
values are added to complete the Table 4.
;);&:;&+)4;-:;&6/Based on the standard deviation of interlaboratory comparison, σpt, several important statistical tests are performed. The first of
them is application of σpt in determining the uncertainty of the assigned value, in this case of the gas
velocity and solid particles concentration. According
to [19] the criterion is described by the following
equation:


-:<4;:7./):=-47+&;B)6,:74&,8)9;&+4-:+76+-6;9);&765-):<9-5-6;:.975.&=-&6,-8-6,-6;4)*79);79&-:
)*79);79B






):-47+&;B5: 
Sample 1
Sample 2
Reference
13.37±0.50
13.86±0.50
12.23±1.90
12.40±1.90
12.56±0.39
14.56±1.35
14.91±0.39
13.30±1.50
13.40±1.50
13.10±0,41
12.70±0,40

74&,8)9;&+4-:+76+-6;9);&765/5 
Sample 1
Sample 2
Reference
14.28±1.21
14.88±1.26
16.72±3.20
17.05±3.30
16.08±0.50
13.84±2.86
14.49±2.97
16.60±2.90
15.96±2.80
*
*

*One of the attending laboratories failed in sampling the solid particles.



5879;)6;8)9)5-;-9:7.5-):<9-,/):=-47+&;B)6,:74&,8)9;&+4-:+76+-6;9);&76
!)9)5-;-9
Standard deviation of reproducibility of all laboratories, σR
Standard deviation of repeatability of our measurements, σr
Between-laboratory standard deviation, σL
Standard deviation of interlaboratory comparison, σpt

):=-47+&;B
5: 
0.49
0.10
0.48
0.48

74&,8)9;&+4-:+76+-6;9);&76
5/5 
1.13
0.27
1.10
1.12



5879;)6;8)9)5-;-9:7.5-):<9-,/):=-47+&;B)6,:74&,8)9;&+4-:+76+-6;9);&76
74&,8)9;&+4-:+76+-6;9);&765/5 
;);&:;&+)4;-:;
):=-47+&;B5: 
Uncertainty of assigned value
0.20 > 0.14*
0.23 < 0.34
Homogeneity
0.10 < 0.14
0.27 < 0.34
Stability
0.02 < 0.14
0.04 < 0.14
*Condition not met
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where σr is the between-samples standard deviation
and σpt is the standard deviation of interlaboratory
comparison as calculated in the previous section.
The results shown in Table 5 prove that the reference
sample is homogeneous. This homogeneity must not
be mixed with the homogeneity as defined in Section
3.1 – this one deals with the reference sample and
that one is related to the very measurement method,
i.e. with the properties of the gas flow through the
tube of the device.
The third test deals with the stability of reference sample in time, i.e. it compares the subsequent
values in time series and detects the eventual drifting. The condition for stability verification [19] is
described by the following equation:
K@9#$% B @9#$% K E 14 
(14)
@
where 9#$% is the average value of gas velocity or solid particles concentration from the first series of three measurements and @9#$% is average
value of gas velocity or solid particles concentration
from the second series of three measurements. The
values used in calculating the averages are listed in
Tables 1 and 2 for gas velocity and solid particles
concentration, respectively. The results shown in Table 5 prove that the reference sample is stable with
respect to time changes.

This formula uses ( pt) which is the standard
uncertainty of the assigned value  [5, 19]; in this
case -scores would be used for evaluating the laboratories’ data on gas velocity. Alternatively, σpt
value for gas velocity may be increased deliberately
to the value (σpt = 0.66 m s-1) which will produce
constructive output of the criterion denoted by
Eq. 12.
When a participant reports a result that gives
rise to a -score (or ’-score) above 3.0 or below
–3.0, then the result shall be considered to give an
“action signal” or “signal to be responded to”. Likewise, a -score (or ’-score) above 2.0 or below –2.0
shall be considered to give a “warning signal”. A single “action signal”, or “warning signals” in two successive rounds, shall be taken as evidence that an
anomaly has occurred that requires investigation
[19].
6;-94)*79);79B+758)9&:769-:<4;:The data
of individual laboratories will be tested against the
reference (assigned) values of the mean gas velocity
of 12.56±0.39 m s-1 and the concentration of solid
particles of 16.08±0.50 mg m-1. By setting σpt values
for the mean gas velocity and concentration of solid
particles to 0.66 m s-1 and 1.07 mg m-1, respectively,
the conditions declared by Eq. 12 are satisfied, the
measurement uncertainty of the assigned values can
be neglected and -score, Eq. 17, can be used to show
the success of each laboratory in the interlaboratory
comparison procedure.
Results of interlaboratory comparison between
four independent laboratories (Rows 1–4 of Table 3)
with their average values and expanded measurement uncertainties are used to calculate deviations
from the reference/assigned value. The results are
shown in Table 6 for gas velocity and solid particles
concentration measurements [22].
In interlaboratory comparison it is common to
show -scores in a graphical form. The results are
presented in Fig. 4 for gas velocity and solid particles
concentration measurements, respectively. It is immediately seen that all the results are within the acceptable range of  < 2.0, except for the gas velocity
measurements of Laboratory 3, where the -score
above 3.0 is produced. This is the “action signal”; an
anomaly in measurements has occurred that requires
investigation. It is interesting to note that although
the unsatisfactory result of gas velocity measurement is found, its subsequent use in the calculation
of solid particles concentration produces satisfactory
result. Nevertheless, from the standpoint of statistical analysis of the results of interlaboratory comparison this situation is ignored; the persisting errors are
likely to be detected in the next rounds of interlaboratory comparison which is to be performed regularly.

6;-94)*79);79B +758)9&:76 .795<4): The
results of different laboratories presented in Table 3
were used firstly to determine the reasonable value
of σpt. Now it is time to use them in assessing the
performance of each particular laboratory within the
interlaboratory comparison process. The purpose of
the process is to measure the deviation from the assigned value in a manner that allows comparison
with performance criteria [11]. Several criteria can
be used, depending on the nature of measurement
process and calculated statistical properties: -score,
-score, -score and n-number [19].
The statistics for quantitative results is listed
below, in order of increasing degree of transformation of participants' results [11]. The difference,
, between participants' results, , and assigned
value, pt, is calculated using the following equation:
 D M B 14 N,
(15)
where  is the participants' result and 89 is the
assigned value. The percent difference, %, is calculated using:
 D G B 14 HF14 ×.
(16)
The -scores are calculated by:
 D K B 14 KF14 .
(17)
The -scores are used wherever the uncertainty
of the assigned value is not taken into account: in this
case -scores will be used for assessing the laboratories’ data on solid particles concentration. The scores are calculated using:
$
 L D K B 14 KFJ14
A $ G14 H .

(18)
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;);&:;&+)49-:<4;:.79/):=-47+&;B)6,:74&,8)9;&+4-:+76+-6;9);&765-):<9-5-6;:
)*79);79B





Average / (m s-1)
13.62±0.51
12.35±1.85
14.74±1.37
13.35±1.50

)*79);79B





Average / (m s-1)
14.58±1.24
16.89±1.25
14.17±2.92
16.28±2.85

):=-47+&;B
Ref. value / (m s-1)
12.56 ± 0.39
74&,8)9;&+4-:+76+-6;9);&76
Ref. value / (m s-1)
16.08 ± 0.50



% / %
8.48
-1.67
17.32
6.29

-score
1.6
0.3
3.3
1.2

 / (m s-1)
-1.50
0.81
-1.92
0.20

% / %
-9.33
5.01
-11.91
1.24

-score
1.4
0.8
1.8
0.1








 / (m s-1)
1.07
-0.21
2.18
0.79
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instant of measurement and (for solid particles concentration) on the exact mass of dosed particles.
Secondly, the set of measurements was performed by five independent laboratories. The reference values corresponding to this set of measurements were 12.56±0.39 m s-1 for gas velocity and to
16.08±0.48 mg m-3 for solid particles concentration.
Of those five laboratories, four produced the reasonable results to be used in determination of the value
of standard deviation for proficiency assessment of
interlaboratory comparison, σpt. The values of 0.48
and 1.12 for gas velocity and solid particles concentration were found to the statistical criteria of the uncertainty of assigned value, homogeneity and stability, which are all important for interlaboratory comparison.
Thirdly, the set of measurements by four independent laboratories accredited for the measurement
of emission of pollutants from stationary sources
was used to test their performance. The satisfactory
results of the measurement of gas velocity and solid
particles concentration in the waste air were found in
most cases. The “action signal”, i.e. unsatisfactory
value of gas velocity was detected for one of the laboratories. The results confirmed the validity of the
whole idea behind this project.




The device was envisaged and constructed for
performing the measurements necessary for defining
the reference sample with respect to the gas velocity
and mass concentration of solid particles in the waste
air. The construction of the device was in compliance with the requirements of standards ISO
10780:1994 Stationary source emissions – Measurement of velocity and volume flowrate of gas streams
in ducts, ISO 9096 Stationary source emissions –
Manual determination of mass concentration of particulate matter and EN 13284-1 Stationary source
emissions. Determination of low range mass concentration of dust. Manual gravimetric method. The necessary measurements were done and all the statistical
parameters related with the definition of reference
material (sample) were calculated. Firstly, it was
shown that the sampling points were selected
properly and that the measured values of differential
pressure, static (over)pressure, temperature and gas
velocity are homogeneous and may be used in the
calculation of reference gas velocity, which was
shown to amount to 12.56±0.39 m s-1 for 102100 Pa
and 25 °C. The reference value for solid particles
concentration was found to amount to 15.42±0.48
mg m3 for 101200 Pa and 5 °C. The reference values
depend on the exact atmospheric conditions at the
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Pakistan is considered as one of the top ten
ranked countries in date palm fruits production. This
study was conducted to assess losses at farm, wholesale and retail levels in supply chain of Dhakki dates
in D.I. Khan, Pakistan. Furthermore, physical and
chemical characteristics of dates were also determined. For the observation of losses all the samples
were randomly collected at farm level. Dates were
conventionally packaged and transported in open
mini trucks to wholesale market and retail outlets/vendors in Peshawar city and losses were noted.
Results indicated that overall percent losses in
Dhakki dates at farm level were 29.6 %, while losses
at wholesale and retail level were observed as 41.33
% and 35.33 %, respectively. Major factors for causing losses during supply chain are insect’s infestation, birds attack, sunburn, cracking, mechanical
damage, fermentation, decaying, bruising and fungal
attack. Proper determination of physical parameters
including linear dimensions, volume, bulk density,
porosity and fruit mass can reduce the mechanical
injuries, bruising, cracking and decaying of Dhakki
dates during picking and sorting at farm level as well
as packaging, transportation and storage at wholesale and retail level. Timely estimation of firmness
has key role in minimizing bruising and other defects
in date fruits. Moreover it is recommended that suitable cushioning materials can play a vital role in
packaging of Dhakki dates during entire supply
chain.

fibers, vitamins and minimum amount of fat and protein [3, 2]. The total cultivated area of all types of
date fruits in Pakistan surpasses 97,107 ha with its
estimated annual production over 4,67,756 tons [4].
The date fruit is important cash crop of Pakistan and
can be considered as a good source of foreign exchange [5]. There are more than three hundred date
fruit varieties grown in Pakistan including commercially available varieties Dashtiari, Sabzo, Koharba,
Jaan Swore, Rabai, Dhakki, Begum Jhangi, Halawi,
Karbalaen, Aseel, Muzawati and Fasli [6]. Date
fruits cultivation and production in Khyber Pakhtunkhwa (KPK) province is over 1,619 ha with
12,319 tons [4]. In KPK province most of date fruits
are cultivated in Dera Ismail Khan region majorly in
(Dhakki, Panyala, Paharpur and Chowdhwan villages) and the total production of Dhakki dates is
6,500 to 7,000 tons per year [7]. Dhakki is a famous
date fruit variety in Pakistan and also well-known all
over the world. So, the demand of Dhakki dates is
continuously increasing in local and international
fruit markets because of its jumbo size and weight
with fine texture and sweet taste [8]. 
A typical post-harvest supply chain of Dhakki
dates in Pakistan consist of few stages for the movement of harvested product from field to wholesale
and retail market. The major quantitative and qualitative losses during entire supply chain of date fruits
in D.I. Khan are due to adverse environmental conditions, improper harvesting, poor storage facilities,
lack of infrastructure and processing facilities as
well as inadequate market facilities. These factors
not only reduce the availability of Dhakki dates but
also increase the per-unit cost. The growers of
Dhakki dates making %" (dried dates) which is
achieved by drying of the Dhakki dates due to the
lack of processing and storage of fresh Dhakki dates
[9].About 40-50% of date fruit losses occurs at farm
level in the maturation stage of Dhakki dates due to
monsoon season and increases in the atmospheric
humidity in the month of July and August which
make pavement for the fungal attack and spoilage
[10, 11]. These losses become more pronounced due
to improper postharvest handling and unavailability
of proper storing and processing facilities in D.I.
Khan region. The major causes of postharvest losses
in date fruits occur due to birds attack which leads to
dropping of immature fruit, insects infestation,

)(!#$
Chemical characteristics, Dates, Physical Characteristics,
Supply Chain Losses

 %#!&%! 

The date palm (  $( ") cultivated
in arid and semi-arid areas in the world as a staple
food. It can tolerate and grow at high range of temperatures -6 to 50oC, hot and dry conditions and even
resistant to salinity of water and soil [1, 2]. Date fruit
is easily digestible and gives rapid energy to the human body. It provides carbohydrates, minerals,
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The Dhakki date fruits were harvested from the
three villages including Panyala (Pa), Paharpur (Pr)
and Dhakki (Di) of D.I. Khan district of Khyber
Pakhtunkhwa province of Pakistan and the losses
within supply chain (Farm, Wholesale and Retail)
were thoroughly investigated. Thenthe Dhakki dates
were procured to the Post Graduate Laboratory of
the Department of Food Science and Technology,
The University of Agriculture Peshawar, Pakistan
during the year 2018 to evaluate physical and chemical characteristics.

$695270<+:6?185/;5/7 :/<256:
4/<5/>/5. Samples were collected from orchards in
the mentioned villages of D.I. Khan district. Three
representative samples were collected during harvesting season of Dhakki dates. Losses at farm,
whole sale and retail levels were determined with
consultation of farmers, wholesaler and retailers.
Each sample consisted of 200 fruits randomly taken
from harvested fruit heaps (unsorted lots) with sample size (200×3×3). All the samples were counted to
assess the percent mean losses at farm level in different categories such as insects infestation, damaged by birds, compressed or mechanical damages,
sunburn damaged fruits, cracked fruits and effected
by fungal infection. Harvesting, sorting and conventional packaging (in wooden boxes) was carried out
before 12.00 PM while all the packages were loaded
in open min trucks till 04.00 PM and the fruits were
supplied to wholesale market in Peshawar city next
day early morning after covering a distance of about
302 km in local logistics. Similarly, all the date fruit
samples (Pa, Pr and Di) were randomly collected
with samples size (200×3×3) at wholesale level to
assess the losses. Later on the samples for evaluation
of losses were collected from retail outlets/vendors
with sample size (200×3) in Peshawar city.Losses
were observed during wholesale and retail levels i.e.
cracked fruits, fermented fruits, bruising, mechanical damaged fruits, Decay fruits (dates that are in
very objectionable in appearance) and fungal attack
such as infection with visible mold growth (pathological loss).

fungal invasion, fermentation, bruising and mechanical damaged due to improper handling and packaging [12, 13]. At wholesale and retail level fruit losses
were due to weight loss, browning, bruising, compression and fruit decay caused by improper packaging and stacking, poor logistics and transportation in
non-refrigerated trucks [14].
Dhakki Date producers not only have to concentrate on consumer satisfaction but also needs to
follow all the quality criteria which improve economic profit, as is the case with any producer in the
food industry. However, the quality criteria for the
Dhakki dates can only be the outcome of proper determination of chemical composition, physical, mechanical and rheological properties, as well as sensory characteristics [15]. For this purpose, a clear observation is needed for relationship between date
fruit characteristics and its quality because industry
requires a clear view of these properties for the design of machines for processing and packaging [16].
The determination of physical characteristics of date
fruits including measurement of shape and linear dimensions required for proper sorting and packaging.
Similarly, date fruits densities and bulk densities can
play major role during transportation, grading and
storage. The determination of date fruits volume, porosity and surface areas are very useful for proper
drying and cooling processes [17, 18]. Many researchers have led the experiments for assessing the
physical characteristics of different types of fruits,
but no such type of work has been reported in Pakistan. Earlier some of the physical characteristics of
plums [19] citruses [20] apple [21] and date cultivars
[22, 17, 23, 24, 25] have been reported.
In Pakistan pre-harvest losses and post-harvest
treatments have been observed in previous studies in
Dhakki dates [26, 27, 28, 5, 29, 8]. But the losses
occur in complete supply chain of Dhakki dates have
not been determined. For this purpose, in this study
supply chain from farm to wholesale and retail level
of Dhakki dates abundantly grown in Panyala, Paharpur and Dhakki villages have been studied. In addition, physical and chemical characteristics of the
Dhakki dates have been studied in order to educate
and benefit the farmers, packaging and processing
sector of D.I. Khan district, Pakistan. The objectives
of this study were to evaluate Dhakki date losses at
farm level in three different villages of D.I. Khan
district while losses were evaluated at wholesale
level and different vendors/outlets at retail market
level in Peshawar. Furthermore, this study also includes some physical and chemical characteristics of
Dhakki dates to develop appropriate technologies for
its processing.

"1B;2251:2</:2;<22;The three linear dimensions length, width and thickness of Dhakki date
fruits/seeds were measured with the help of Vernier
caliper with precision up to 0.01 mm. Mass was determined on hundred randomly selected Dhakki date
fruits/seeds. For finding the one thousand date fruits
and seeds weight (W1000), 10 sub-samples were selected in which each one containing of ten date fruits
and seeds, was randomly picked from the bulk sample and then weighed. This weight was extrapolated
to one thousand date fruits and seeds [22, 30]. One
thousand date fruits/seeds weight (W1000) were
measured with the help of electronic balance of
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[31, 37]. Similarly, the firmness was measured with
the help of penetrometer (Wanger FT-327).

0.001 g sensitivity.Date fruit unit volume (VF) was
calculated by water displacement method. The
Dhakki fruit is forced into the water in graduated cylinder with the help of rod. When the fruit is fully
submerged into water, the reading was noted, and
this reading was subtracted from the weight of the
container and water is the weight of the displaced
water which was used in Eq. (1). While date fruit
densities (ρf) were measured by dividing unit mass
to the unit volume [22, 31]. Bulk density (ρb) was
calculated with the help of mass/volume association
by the method of filling a blank plastic container of
calculated volume and mass with date fruits that was
poured and weighed. Then porosity (ε) was measured by using Eq. (2) [32]. Geometric mean diameter
(g) Eq. (3), sphericity index (ϕ) Eq. (4), and surface
areas () Eq. (5) were measured with the help of following equations [33, 34].

"#
VF (cm3) =
[Eq. 1]
ε =

!!
!

Ra =
Da =
De = $

[Eq. 2]

1/3

[Eq. 3]
g = (LWT)
Φ = g L
[Eq. 4]
 = Л2g
[Eq. 5]
Aspect ratio was calculated with the help of
formula given in Eq. (6) [35, 36]. While arithmetic
mean diameter and equivalent diameter were determined using the relationship given in Eq. (7) and (8)

!>/:558;;/;

Di (27.93%)


" 


[Eq. 7]
#

%

[Eq. 8]

Pr (30.00%)

Pa (30.82%)

3.0 - 8.0
4.0 - 7.0
4.0 - 11.0
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1/62251:2</:2;<22;The pH of Dhakki
date samples were noted with the help of AQUASOL Digital-Handled pH meter (AM-PH-01). The
total soluble solids of Dhakki dates were determined
at room temperature with the help of Abbes Refractometer. While moisture content, ash content, percent acidity and total sugar were observed by the
standard method of [38].

$<<2;<22575B;2;The mean and range values were calculated about losses at farm, wholesale
and retail market level whereas the mean and standard error (±) was calculated for physical and chemical characteristics in 3 replications. One-way analysis of variance (ANOVA) using a completely randomized design (CRD) was conducted with IBM
SPSS® STATISTICS 20 software. While internal
comparison between the samples was carried out by
Duncan's Multiple Range Test at level (P=0.05) as
described by [39].

 " #

x 100

[Eq. 6]


23.0 - 26.0
24.0 - 27.0



26.0 - 34.0
7.0 - 11.0
6.0 - 9.0
6.0 - 7.0
5.0 - 7.0
6.0 - 8.0
4.0 - 6.0
4.0 - 8.0
6.0 - 8.0
4.0 - 10.0
5.0 - 6.0
6.0 - 8.0
5 .0 - 7.0
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Pa= Village Panyala, Pr= Village Paharpur, Di= Village Dhakki; II= Insects Infestation, BA= Birds attack, MD= Mechanical
Damage, SB= sunburn, CF= Cracked fruits, FA= Fungal attack.
Heights of horizontal bars indicate the mean of samples whereas the values above bars indicate the range in samples. The line
above the horizontal bars indicates standard error of the mean.
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This is the first study reporting the postharvest
losses during supply chain as well as evaluation of
physical and chemical characteristics of Dhakki
dates.

massive amount of fruits and increases the post-harvest losses [9, 43].

8;;/;<?185/;5/6:4/<5/>/5The results
indicated that the range and mean losses in wholesale market samples were cracked fruit in Pa 8.0 –
13.0 (mean 10.33 %), Pr 9.0 – 11.0 (mean 10.33 %),
Di 9.0 – 12.0 (mean 10.67 %), fermented fruits Pa
15.0 – 18.0 (mean 16.67 %), Pr 8.0 – 16.0 (mean
13.33%) Di 14.0 – 18.0 (mean 15.67%), bruised
fruits Pa 9.0 – 12.0 (mean 10.33 %), Pr 8.0 – 14.0
(mean 10.33 %), Di 7.0 – 11.0 (mean 9.33 %), decay
fruits Pa 8.0 – 13.0 (mean 10.67 %), Pr 9.0 – 13.0
(mean 10.67 %), Di 6.0 – 8.0 (mean 9.33 %), mechanical damaged fruits Pa 19.0 – 28.0 (mean 24.33
%), Pr 21.0 – 25.0 (mean 23.67%), Di 19.0 – 29.0
(mean 23.67 %) and fungal invasion in Pa 10.0 –
19.0 (mean 15.0 %), Pr 8.0 – 17.0 (mean 13.0 %), Di
9.0 – 18.0 (mean 12.67 %). Similarly, overall percent
mean losses were noted in cracked fruits (mean
10.44 %), fermented fruits (mean 15.22 %), bruised
fruits (mean 9.99 %), decay fruits (mean 9.33 %),
mechanical damaged fruits (mean 23.89 %) and fungal invasion (mean 13.55 %) as mentioned in (Fig.
2). Highest damages were observed in samples of Pa
43.66 % followed by Pr 40.99 % whereas minimum
losses were noted in Di 39.24 %. Compression and
mechanical damage contribute (23.89%) losses of
Dhakki dates in all the three associated villages due
to improper packaging system in wooden boxes
without checking the fruit physical symmetry and
positioning during transportation from D.I. Khan to
Peshawar wholesale market. Improper packaging
followed by poor transportation and logistics resulted in heavy losses of Dhakki dates. It was observed higher loss upto (15.8 %) in the acceptable
quality of Litchi fruits in terms of compressed fruits,
decay and bruised fruits at wholesale level during
2012 in Delhi market [14]. About 60% postharvest
losses occurred due to mechanical damage in banana
fruit at wholesale level and this defect comes
through poor packaging and transportation [44]. It
was observed that bruising of Dhakki fruits enhanced upto 9.99% due to compactness in the packaging during transportation. Bruising of Dhakki
dates commonly occur due to vibrant impacts and
heavy loads or striking of any other stuff during handling, sorting, packaging and transportation [45].
For this purpose [46] used proper packaging with
cushioning materials to reduce bruising effect between the papaya fruits. It was noted that cracking
problem enhanced the Dhakki dates losses (avg.
10.44%) which further resulted in destruction of eatable quality during transportation may be due to the
presence of fungus and rise in atmospheric moisture
content [47]. The most common fungal species (! 
% . !%# #! "%#  #! "% and
 %" #! ") are responsible in the degradation and
spoiling of date fruits [48, 49].

8;;/;<1:>/;<:65/>/5The data gathered at farm level indicated losses in Dhakki dates
due to several reasons in all the samples (Fig. 1). Noticeable range and means losses occurred due to insects infestation in Pa 5.0 – 7.0 (mean 6.0%), Pr 6.0
– 8.0 (mean 6.7%), Di 5.0 – 6.0 (mean 5.3%), birds
attack Pa 4.0 – 10.0 (mean 6.7%), Pr 6.0 – 8.0 (mean
7.0%), Di 4.0 – 8.0 (mean 6.0%), mechanical damaged fruits Pa 4.0 – 6.0 (mean 5.0%), Pr 6.0 – 8.0
(mean 7.0%), Di 5.0 – 7.0 (mean 6.3%), sun burn
fruits in Pa 6.0 – 7.0 (mean 6.3%), Pr 6.0 – 9.0 (mean
7.67%), Di 7.0 – 11.0 (mean 8.3%), cracked fruits
Pa 26.0 – 34.0 (mean 31.0%), Pr 24.0 – 27.0 (mean
25.67%), Di 23.0 – 26.0 (mean 24.67%) and fungal
invasion Pa 4.0 – 11.0 (mean 6.67%), Pr 4.0 – 7.0
(mean 6.0%), Di 3.0 – 8.0 (mean 5.3%). The percent
mean losses in all the samples at farm level due to
insect infestation (mean 6.0 %), birds attack (mean
6.6 %), mechanical damaged fruits (mean 6.1 %),
sun burn fruits (mean 7.4 %), cracked fruits (mean
27.1 %) and fungus invasion (mean 6.0 %). Highest
damages were observed in Pa 30.82 % followed by
Pr 30.00 % whereas minimum losses were noted in
Di 27.93 %. The result indicated that average losses
of Dhakki dates caused by sunburn (avg. 7.42%) and
cracking (avg. 27.11%) due to abrasion owing to the
rapid change in climatic condition which enhances
the ripening process due to hot and dry windy
weather condition with temperature ranges (38 –
48oC) followed by earlier monsoon rain fall (30 cm)
which make pavement for insects infestation, fermentation, fungal infection and birds attack [3]. Our
results are endorsed by [9, 40, 5]. The bagging of
Zaghloul date fruits with transparent and blue ethylene decreased the cracking problem at the tip of
fruit before harvesting. While plastic nets were used
to cover Dhakki date fruit bunches and preserved by
solar dryer technology also improved the production
with acceptable quality [40, 41, 42]. Dried fruit beetle is the main pest/insect that affects the quality of
dates (avg. 6.0%) as noted in our research work and
it make pavement for the fungal invasion during ripening and storage [9]. Even at farm level minimally
damaged Dhakki dates are heavily affected by fungus #! "%# spp (avg. 5.99%) in D.I. Khan district because of abrupt rise in environmental humidity due to early monsoon rains. The fungal infection
causes yellow spores on date palm called # " which
is transferred through root system of date palm and
eventually to the date fruit while heavy winds transfer the fungus to neighboring trees which effect the
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Pr (40.66%)

9.0 - 18.0
8.0 - 17.0
10.0 - 19.0
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Pa = Village Panyala, Pr = Village Paharpur, Di = Village Dhakki. CF= Cracked Fruits, FF= Fermented fruits, BF= Bruised
Fruits, DF= Decay Fruits, MD= Mechanical Damage, FA= Fungal attack.
Height of horizontal bars indicates the mean of samples whereas the values above bars indicate the range in samples. The line
above the horizontal bars indicates standard error of the mean.
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CF= Cracked fruits, FF= Fermented fruits, BF= Bruised Fruits, DF= Decay Fruits, MD= Mechanical Damage,
FA= Fungal attack.
Height of horizontal bars indicates the mean of samples whereas the values above the bars indicate range in samples.
The line above the horizontal bar indicates standard error of the mean.



8;;/;<<1/:/<256:4/<5/>/5The results
showed that the range and mean losses in Dhakki
dates samples collected randomly from selected retail outlets/vendors in Peshawar were due to cracked
fruits 4.0 – 13.0 (mean 8.77 %), fermented fruits 8.0
– 17.0 (mean 13.33 %), bruised fruits 7.0 – 14.0
(mean 10.67 %), Decay fruits 7.0 – 19.0 (mean 12.0
%) compressed/ mechanical damage fruits 15.0 –

23.0 (mean 19.22 %) and fungal invasion 4.0 – 10.0
(mean 6.63 %). The maximum damage 19.22% was
observed due to compressed/mechanical damages of
Dhakki dates at retail level as shown in (Fig. 3).The
mentioned factors increased the Dhakki date losses
at retail level and it was personally observed that
fresh Dhakki dates were sold out comparatively at
cheaper rates by the retailers commonly due to
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advancement in fermentation which resulted in alcoholic odor in minimally bruised Dhakki dates beyond ten days of storage. The formation of alcoholic
odor of date fruit is due to fermentation which enhances in damaged fruits during retail storage at
25oC [50]. Even yeasts and molds attack was higher
in Saudi Arabian Anbara dates cultivar at retail outlets [51]. Similarly, pathogenic yeasts (mostly 
 $" !#) considered responsible for decaying
of date fruits (mean 12.0% as noted in our research
work) at retail market level [52].

"/:2/7< 98;<1:>/;< 58;;/; =:270 ;=995B
2127 Overall post-harvest losses from Farm level
(D.I. Khan) to wholesale and retail market in Peshawar city has been estimated in (Fig. 4), that postharvest losses of Dhakki dates in the supply chain with
the total average loss found to be 35.42%, more percent of the total loss being at the wholesale 41.33%
followed by at retail market 35.33% and farm level
29.6%. Mechanical damages were therefore recognized as the common causes resulting in increased
postharvest losses of the Dhakki date fruits at all the
stages of the supply chain. Based on the results and
observations made during the research, it seems that
the current postharvest management system of
Dhakki dates both at farm and marketing levels are
inadequate.

"1B;225 21:2</:2;<22; 8+ 1442 </;
Physical parameters of Dhakki dates (at Tamar
stage) of all the samples (Pa, Pr and Di) are summarized in (Table 1). According to statistical analysis
most of the parameters were significantly ( <0.05)
different including length and mass of each date,
weight of 1000 dates, mass of pulp, length, width,
thickness and weight of 1000 date seeds, arithmetic
mean diameter (AMD), volume, density and
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porosity while non-significant difference were noted
in width and thickness of whole date, seed mass, geometric mean diameter (GMD), equivalent diameter
(ED), bulk density, sphericity, surface area, aspect
ratio and firmness. Comparatively the evaluated parameters showed higher values in Di followed by Pr
and Pa because the village Dhakki and Paharpur are
near to Indus river and availability of water is more
to date palm due to which the date fruits are larger
size as compared to village Panyala which is deserted and mountainous area where the results of
Dhakki dates are lower than others.
The results showed that the means of linear dimensions of Dhakki whole dates were noted as L=
45.44mm, W= 23.14mm and T= 21.13mm while the
date seeds have L=20.06mm, W= 3.97mm and
T=3.37 mm. The mean mass of each and one thousand Dhakki whole dates were evaluated as 24.62g
and 24,593.03g while the mass of seeds were noted
as 1.19g and 1191.67 g, respectively. The mean mass
of Dhakki date pulp was observed as 23.44g.Geometric mean diameter (GMD), Arithmetic mean diameter (AMD) and Equivalent diameter (ED) of
Dhakki dates were noted as 26.96mm, 29.70mm and
26.94mm, respectively. The mean values for Sphericity and aspect ratio of Dhakki dates were noted as
0.58 and 0.50. The mean values of surface area and
volume of Dhakki date were noted as 2338.72mm2
and 23.78cm3, respectively. The mean value for density and bulk density of Dhakki date were observed
as 0.99g/cm3 and 0.53g/cm3.The mean value for porosity of Dhakki date was 45.51% while the mean
firmness of Dhakki date was noted as 0.44kg/m2.
Fresh Dhakki dates can be contaminated with
pathogens from surrounding environment during
growth, harvesting and packaging. For this purpose
proper processing should be carried out after
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and 22.22mm, respectively [22]. The mean surface
area of Tunisian date fruits and Mazafati date fruit
was recorded as 1063.6mm2 and 1840.80mm2, respectively. While determination of density and bulk
density can be considered as an important practice
for minimizing the losses during transportation and
act as a valuable tool for the designing of storage
boxes and silos for date fruits which plays vital role
at retail market level to reduce postharvest losses
[57, 53]. The results are in complete agreement with
the results of [54]. Similarly, [17] observed the bulk
density of cv. Stamaran date fruit for six months
which ranged from 0.51g/cm3 – 0.56g/cm3. While
the density and bulk density of cv. Mazafati date
fruit were evaluated as 0.82g/cm3 and 0.44g/cm3, respectively [25]. Porosity has a key role for maintenance of fruits texture and the pore space inside the
packaging because higher pore space reduces humidity with minimizes the fungal invasion during
wholesale and retail level [58]. The porosity of cv.
Stamaran date fruit from 49.73% to 45.71% during
storage [17]. Firmness affects the potential and severity of bruising while proper estimation of firmness has key role to minimizing bruising in dates.
Our results showed that Dhakki have very firm variety at rutab stage that’s why it faces major post-harvest losses (mechanical damaged, cracking, bruising, decaying and fermentation) during supply chain
at wholesale and retail level, to overcome these problems proper cushioning materials in the packaging
should be utilized according to linear dimensions,
mass, density, bulk density and volume of Dhakki
dates. The firmness of Sukkary date variety was
noted in carton and basket packaging which were
21.63mm and 24.48mm [51].

determination of specific physical characteristics
(length, width, thickness, sphericity and aspect ratio)
to avoid losses of Dhakki dates at farm level. Further
physical characteristics can be helpful for factories
producing suitable packaging system according to
Dhakki dates sizes and shapes for safety and maintenance of suitable quality [53]. However, some researches showed that Dhakki dates grown in Pakistan are very famous for their length 40.0 – 50.0mm
and thickness 20.0 – 30.0mm [5, 54]. Determination
of dates mass is useful tool for grading process and
also play vital role in minimizing postharvest losses
specifically at farm and wholesale level. Previous
studies clarified that the weight of Dhakki date is approximately equal to 18.14g and 15.81g and date
pulp weight is up to 18.08g and 18.53g in the years
2007 and 2008 [27, 55]. Further determination of linear dimensions, total mass and pulp weight of dates
at farm level can reduce the mechanical injuries,
bruising, cracking and decaying during transportation and also help in utilization of proper cushioning
materials for improvement in packaging to increase
the shelf life during storage at retail level. Date fruit
customers commonly purchase it on the basis of its
uniform mass, volume and shape. Volume of date
has important role in the consumer acceptance further it helps in proper placing of fruits in the packaging system which will eventually reduce losses at
wholesale and retail level. The Dhakki date has highest volume 26.0cm3 in comparison with other varieties grown in Pakistan [56]. Similarly,the sphericity
of cv. Dairi variety was observed upto 0.63 by [16].
The GMD of cv. Mazafati dates was noted as
27.87mm [25]. The GMD, AMD and ED of Mech
degla variety were observed as 22.16mm, 23.72mm
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Length (mm)
Width (mm)
Thickness (mm)
Seed Length (mm)
Seed Width (mm)
Seed Thickness (mm)
Mass (g)
Mass pulp (g)
Mass of 1000 Dates (M1000) (g)
Seed Mass (g)
Mass of 1000 Date seeds (g)
Geometric Mean Diameter (Dg mm)
Arithmetic mean diameter (D a mm)
Equivalent Diameter (De) (mm)
Volume (cm3)
Density (g/cm3)
Bulk Density (g/cm3)
Porosity (%)
Sphericity
Surface area (mm2)
Aspect Ratio (Ra)
Firmness (Kg/m2)

"
44.84 ± 0.10a
22.72 ± 0.10a
19.92 ± 0.33a
19.15 ± 0.01a
3.63 ± 0.17a
3.006 ± 0.01a
23.80 ± 0.08a
22.77± 0.17a
23820.0 ± 170a
1.15 ± 0.01a
1146.33 ± 4.63a
26.74 ± 0.17a
29.11 ± 0.04a
26.55 ± 0.43a
23.19 ± 0.02a
0.98 ± 0.00a
0.53 ± 0.00a
45.04 ± 0.08a
0.57 ± 0.00a
2298.06 ± 20.22a
0.50 ± 0.01a
0.44 ± 0.02a

":
45.17 ± 0.08a
23.09 ± 0.27ab
21.07 ± 0.12b
20.33 ± 0.23b
4.06 ± 0.03b
3.23 ± 0.06a
24.95 ± 0.08b
23.72 ± 0.11b
24881.33 ± 207b
1.19 ± 0.01ab
1196.0 ± 8.14b
26.68 ± 0.41a
29.77 ± 0.15b
26.71 ± 0.24a
24.01 ± 0.04b
0.99 ± 0.01a
0.53 ± 0.01a
45.09 ± 0.02a
0.59 ± 0.01a
2334.05 ± 14.88ab
0.50 ± 0.00a
0.44 ± 0.02a

2
46.30 ± 0.30b
23.63 ± 0.05b
21.12 ± 0.16b
20.69 ± 0.13b
4.23 ± 0.08b
3.89 ± 0.25b
25.11 ± 0.08b
23.85 ± 0.05b
25076.70 ± 70b
1.23 ± 0.04b
1232.67 ± 4.97c
27.46 ± 0.08a
30.23 ± 0.06c
27.56 ± 0.09a
24.14 ± 0.03c
1.01 ± 0.03b
0.55 ± 0.01a
46.39 ± 0.14b
0.59 ± 0.01a
2384.15 ± 26.59b
0.50 ± 0.00a
0.45 ± 0.03a

Mean ± standard deviation. Pa= Village Panyala; Pr= Village Paharpur; Di= Village Dhakki.
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45.44 ± 0.24
23.14 ± 0.15
21.13 ± 0.22
20.06 ± 0.24
3.97 ± 0.10
3.37 ± 0.15
24.62 ± 0.21
23.44 ± 0.18
24593.03 ± 211
1.19 ± 0.01
1191.67 ± 12.87
26.96 ± 0.10
29.70 ± 0.17
26.94 ± 0.21
23.78 ± 0.14
0.99 ± 0.01
0.53 ± 0.04
45.51 ± 0.22
0.58 ± 0.00
2338.72 ± 16.33
0.50 ± 0.00
0.44 ± 0.01
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pH
7.08 ± 0.01a
7.11 ± 0.01ab
7.12 ± 0.01b
7.10 ± 0.01
TSS
34.98 ± 0.19a
35.01 ± 0.04a
35.13 ± 0.17a
35.04 ± 0.07
Moisture Content
38.95 ± 0.16a
39.37 ± 0.37a
39.29 ± 0.60a
39.20 ± 0.22
Ash Content
1.56 ± 0.03a
1.65 ± 0.05a
1.66 ± 0.13a
1.62 ± 0.04
% Acidity
0.15 ± 0.008a
0.15 ± 0.01a
0.18 ± 0.01a
0.16 ± 0.01
Total Sugar
68.83 ± 0.36a
69.54 ± 0.30a
70.11 ± 0.86a
69.49 ± 0.34
Mean ± standard deviation. Pa= Village Paharpur; Pr= Village Panyala; Di= Village Dhakki.
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The statistical analysis of chemical characteristics
showed that there were no significant differences (
<0.05) between the samples summarized in (Table
2). The mean values of chemical characteristics of
Dhakki dates were pH 7.11, total soluble solids
34.98obrix, moisture content 39.61%, ash content
1.63%, titrable acidity 0.158% and total sugar
69.93%. The ash content of Dhakki date was evaluated by [54] as 1.43% while the total sugars were
66.10%. The TSS and titrable acidity of Dhakki
dates were 36.3 obrix and 0.159% during the study
of applying different pollen sources [28]. The pH of
Dhakki dates were gradually decrease from 6.3 –
3.58 during the storage under oxygen and over
higher water activities [3]. The pH, acidity and moisture content of Mozafati date fruit were evaluated as
6.9, 0.43% and 28.0% during harvesting period [59].

I am very grateful to the farmers of date palm
orchards for extending their cooperation in collecting fruit samples for performing experiments.
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Approximately 1-2 hours before the start of the three
heavy rain events, the atmospheric water vapor density increased relatively significantly, and water vapor density peaks existed in the form of large fluctuations during the whole process of the heavy rain
events. The high-value centers of vertical velocity,
atmospheric temperature, relative humidity and water vapor density correspond well to the precipitation
in terms of duration and intensity, and all significantly decreased when precipitation weakened and
stopped. In short, this study deepens our comprehension of the fine atmospheric structure during rainstorms in Urumqi and is improves the use of radar
wind profile and ground-based microwave radiometer data in the analysis of torrential rain in this area.

A deeper understanding of the dynamic
changes in the atmosphere during Urumqi rainstorms is necessary to improve the early warning capabilities for torrential rain in this arid region. Thus,
the horizontal wind field and vertical velocity characteristics based on radar wind profile data and the
characteristics of atmospheric temperature, relative
humidity and water vapor content based on groundbased microwave radiometer data are analyzed during three heavy rain events (labeled process 1, process 2 and process 3) that occurred in this region in
2015-2016. The research results suggest the following: the radar wind profile and ground-based microwave radiometer data can record the continuous state
of the atmospheric wind field, vertical velocity, temperature, relative humidity, and water vapor density
during heavy rain events in this region and can therefore improve the ability to monitor heavy rain at the
observation site. The entire atmosphere exhibited
northwesterly or northerly wind during process 1,
and an obvious shear line was located at 1500 m during process 2. During these two processes, sudden
changes in wind direction and increases in wind
speed corresponded to short-term heavy precipitation. During process 3, the shear line gradually rose
from 1500 m to 5500 m. In all three rainstorms, the
vertical speed increased rapidly 1-2 hours before the
start of the rainstorms. Furthermore, the vertical
speed below 3000 m was more than 6 m/s during
process 1 and process 2, and the sinking speed below
1500 m was more than 2 m/s during process 3. For
process 1 and process 2, the temperature of the atmosphere increased approximately 2 hours before
the start of the rainstorm, and several significant
temperature peaks occurred during the entire rainstorm process. For process 3, the temperature of the
rainstorm process also increased significantly, but
the temperature peaks were not as sharp as those in
the other two events. The atmospheric relative humidity increased with fluctuating conditions approximately 1 hour before the start of the three rainstorms,
and the region of saturated relative humidity exhibited fluctuations throughout the heavy rain events.


*)!$%
Radar wind profiler, Ground-based microwave radiometer,
Torrential rain, Differences in characteristics



 &$!'&! 
Heavy rain events are one of China's major disastrous weather events, as they often cause huge socioeconomic losses and affect the lives and property
of people. The forecast and research of heavy rain
has thus received considerable attention from the
Chinese government and meteorologists [1]. Tao
Shiyan comprehensively and systematically studied
weather-scale and mesoscale systems of heavy rain
and noted that heavy rain is often caused by the
mesoscale system under suitable weather-scale conditions, as it represents the product of interactions of
different-scale systems [2-4]. However, thus far,
studies of the multiscale interactions of heavy rain
are still challenging to perform in the field of heavy
rain research, as the weather-scale and mesoscale
systems that cause heavy rain are more or less different every time; thus, more in-depth and meticulous
research is needed.
The radar wind profiler is a remote sensing instrument that has been developed to detect atmospheric conditions, and vertical and horizontal
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velocities and many other data can be measured in
real time. The vertical profile structure reflects continuous and detailed changes in a system, such as
front, trough and ridge systems, shear lines, and
gravity waves. The in-depth and meticulous analysis
of radar wind profile data can help improve forecasting, warning levels and the ability to assess storm
weather processes. Radar wind profile data have
been used to study heavy rain both in China and in
many other countries and have been widely used in
atmospheric detection and weather forecasting [510]. Gage and Nastrom [11] used radar wind profiler
data to study the precipitation rate and vertical velocity and found that the average precipitation rate
has a good correlation with subweather-scale vertical motion and that the fluctuations in the precipitation rate exhibit a good correlation with the fluctuations in vertical velocity. May and Wilczak [12] analyzed in detail the issues of the precipitation structure and atmosphere circulation of the main rain belt
and secondary rain belt of a typhoon by using the
wind profile data. May et al. [13-14] used radar wind
profile data to study in detail the internal structural
characteristics of thunderstorms in the tropics. In
China, Gu and Tao [15] researched storm front
weather systems using ultrahigh-frequency (UHF)
radar wind profile data collected as part of a
mesoscale experiment in North China in 1989 and
found that the wind profile data were very useful for
forecasting short-term rainstorms. Liu et al. [16]
used wind profile data collected from a rainstorm experiment in South China to study the correlation between low-level jets and heavy rain events and noted
that the pulsation of the low-level jets corresponded
to the occurrence of intense precipitation.
Ground-based microwave radiometers have the
ability to continuously monitor the atmosphere from
the ground up to 10 km by obtaining atmospheric humidity and temperature information with high temporal and spatial resolutions from radiosonde measurements. The humidity and temperature data retrieved by microwave radiometers have been widely
used by many researchers in the field of atmospheric
detection [17-22]. Feltz et al. [23] noted that high
temporal resolution monitoring of the atmosphere is
very significant for the early warning of strong convection. A study on the application of microwave radiometers in heavy rain events in Hong Kong
showed that the temperature and humidity profiles of
microwave radiometers were critical and important
for the nowcasting of rainstorms in Hong Kong [17].
A multichannel ground-based microwave radiometer can not only obtain continuous vertical profiles of
parameters such as atmospheric temperature and humidity but can also invert for integrated water vapor
and cloud water content, which can reflect changes
in water vapor in the atmosphere [24-25]. Won et al.
[26] used brightness temperature data from a microwave radiometer to estimate the occurrence and

intensity of precipitation. The above studies indicate
that radar wind profilers and ground-based microwave radiometers have played critical and positive
roles in the early warning and forecasting of heavy
rain events.
Located in the arid region of central Eurasian,
Urumqi is situated in the middle of the northern foothills of the Tianshan Mountains and features complex terrain, including oases, mountains and the
Gobi desert. This area features a typical continental
arid climate with an average annual precipitation of
only 236 mm. Urumqi is one of the largest cities in
Central Asia. In this area, heavy rain does not occur
frequently, but when rainstorms do occur, they cause
huge economic losses. Because the terrain of the area
is complex, the coverage of surface vegetation is low,
and the ecological environment is very fragile, this
area is highly vulnerable to heavy rain. Disasters
such as floods and mudslides caused by heavy rain
often destroy buildings and vegetation, causing severe damage to the local ecological environment
[27-31]. Nevertheless, the rational storage and utilization of the large amount of water resources generated by heavy rain has important practical significance for the process of reservoir water storage, irrigation and water circulation and is important to improving the local arid ecological environment [3235]. Therefore, accurate and timely forecasting and
warning of the heavy rain process is particularly important. Radar wind profilers and ground-based microwave radiometers producing high temporal and
spatial resolution observations have been studied
and applied in many places to assess heavy rain processes; however, the combination of observation
data with these two types of observation instruments
has been less commonly used to study heavy rain
processes in Central Asia, where the terrain is complex and the climate is dry. Wang et al. [36] studied
rainstorms in Urumqi using radar wind profiler data
and obtained some useful conclusions. However,
they did not provide a detailed classification discussion of the rainstorm process, and the source of the
data used was relatively simple, so the guidance for
the rainstorm warning in the region was limited.
Based on the above reasons, this paper uses radar
wind profile and ground-based microwave radiometer data from Urumqi to analyze three rainstorm processes that occurred in Urumqi in 2015–2016. We
hope that the radar wind profile data and groundbased microwave radiometer data, which have high
spatial and temporal resolutions, can be effectively
applied to the early warning of storm weather processes in Urumqi.
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Urumqi, Changji, and the Tianshan Mountains in
Xinjiang. These areas experienced rainstorms, and
the precipitation amount in Urumqi reached 25.0
mm. Intense rainfall totaling 14.7 mm occurred at
1200 UTC on 9 June during process 1 (Fig. 1).
From 1100 to 2000 UTC on 27 June 2015, the
Tianshan Mountains and northern Xinjiang experienced rainstorms, which were produced by the eastward movement of the Central Asia trough. The precipitation amount in Urumqi reached 28.1 mm; during process 2, the precipitation at 1600 UTC on 27
June was 10.1 mm.
From 1000 UTC 1 to 0400 UTC on 2 October
2016, the Central Asia trough again moved eastward,
causing torrential rain, with precipitation reaching
43.7 mm in Urumqi during process 3.
A rainfall event with a 24-h precipitation
amount of 50 mm is defined by the China Meteorological Administration (CMA) as heavy rain. However, Xinjiang is located in northwestern China, and
the average annual precipitation is approximately
100 mm; thus, this region is a typical arid area. Based
on the characteristics of the heavy rain events and the
seepage conditions of the underlying surfaces and
rivers, rainstorms with daily precipitation values
reaching 24.1 mm can be defined as heavy rainfall
events [38].

9,7B=4=:1>30.4<.?7,>4:9=4>?,>4:9During
process 1, the 500-hPa circulation at 1200 UTC on 8
June 2015 (figure omitted) shows that the mid-latitude Eurasian area was controlled by two troughs
and two ridges. The Black Sea and Balkhash Lake
were controlled by ridges, and the Aral Sea and
Mongolia were controlled by troughs. As the trough
and ridge system moved eastward at 1200 UTC on 9
June (Fig. 2a), the Balkhash Lake region was controlled by a trough, Xinjiang was controlled by a
ridge, and Urumqi exhibited northwesterly airflow
ahead of the Xinjiang ridge.

&$% &!%
The detection instruments applied in this research are radar wind profilers manufactured by the
No. 23 Research Institute of China Aerospace Science and Industry Corporation and the 35-channel
MP-3000A microwave radiometers produced by the
Radiometrics company, USA. The radar wind profilers have a detection height of 5000–7000 m and
mainly consist of a transmitter, antenna, monitoring
system, receiver, signal processing and control unit,
and data processing package. For information on the
specific parameters, please refer to Wang et al. [37].
For the microwave radiometers, an entire sky scan
observation is completed every 3 minutes, and the
observed brightness temperature data are used for inversions in the neural network. Finally, humidity,
temperature, liquid water content and water vapor
profile data in 58 layers from the ground to a height
of 10 km in the zenith direction are output. The vertical resolution of the profile is 50 m below 500 m,
100 m from 0.5 to 2 km and 250 m above 2 km.
This research also analyzed a series of data sets
from the Urumqi Meteorological Bureau (43°47’N,
87°39’E, elevation: 936 m) consist of radar wind
profiler data, ground-based microwave radiometer
data, blackbody temperature (TBB) data from the
FY-2G satellite, ground precipitation data and NCEP
1°×1° reanalysis data for the three heavy rain events
that occurred in Urumqi on 9 June 2015, 27 June
2015 and 2–3 October 2016 (hereinafter referred to
as process 1, process 2 and process 3). All times are
in UTC.


$%'&% %'%%! 
0=.<4;>4:9:1>3030,@B<,49;<:.0==From
1000 to 1900 UTC on 9 June 2015, the Xinjiang
ridge shifted eastward and affected Xinjiang,
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(black circle represents the location of Urumqi, same as below)


During process 2, as indicated by the 500-hPa
circulation diagram at 1200 UTC on 26 June 2015
(figure omitted), the mid-latitude Eurasian region
had two ridges and one trough, and the Caspian Sea
and western China were controlled by ridges. A wide
trough extended from the Aral Sea to Xinjiang. At
1200 UTC on 27 June (Fig. 2b), with the development and evolution of a trough and ridge system during eastward movement, Urumqi experienced heavy
rain resulting from the southwesterly airflow related
to the low-pressure trough.
During process 3, as indicated by the 500-hPa
situation at 1200 UTC on 1 October 2016 (figure
omitted), an obvious northeast-southwest trough
controlled the Caspian and Aral Sea regions,
whereas Xinjiang was controlled by a broad ridge.
During the eastward movement of the system, at
1200 UTC on 2 October (Fig. 2c), Xinjiang was controlled by a wide trough, and Urumqi experienced
southwesterly airflow, with wind speeds reaching 25
m/s in front of the trough.

9,7B=4= :1 .7:?/ .3,<,.>0<4=>4.= -,=0/ :9
*  =,>0774>0 /,>, Heavy rain events are often
caused directly by mesoscale systems in favorable
large-scale situations [39-42]. The terrain of Xinjiang is extremely complex, and conventional observations are rare and unevenly distributed, which

makes it difficult to assess the mesoscale system and
its evolution. Therefore, it is necessary to analyze
satellite observations in this region. Here, TBB data
from the FY-2G satellite are used to analyze the activity and evolution of the mesoscale system during
the heavy rain events.
Figure 3a shows that a β-mesoscale cloud cluster with a central intensity of -52 °C, which developed rapidly near Urumqi and caused heavy rain in
Urumqi during process 1.
Figure 3b reveals that the Urumqi rainstorm
was caused by the rapid formation and evolution of
a γ-mesoscale cloud cluster with a smaller scale and
center intensity of -48 °C near Urumqi during process 2.
Figure 3c indicates that northern Xinjiang was
subject to significant large-scale cloud system control, which contained several mesoscale clouds with
a central intensity of -52 °C and caused Urumqi to
experience heavy rain during process 3.
9,7B=4= :1 3:<4C:9>,7 A49/ /,>, :1 <,/,<
A49/;<:1470</?<492/4110<09>>B;0=:130,@B<,49
The temporal and vertical spatial resolutions of the
radar wind profile data are very high. The structure
of the multilayer atmosphere can be determined by
analyzing the horizontal wind data; the evolution of
high-level and low-level jets and trough-ridge

313

"!

 # 



    


variations can be well monitored [36-37]. Figure 4a
shows the time–height charts of horizontal wind during the heavy rain process on 9 June 2015. The atmosphere can be carefully divided into a structure
comprising 2-layer flow fields before the rainstorm
(0400-0730 UTC) in the vertical direction, in which
easterly wind was dominant below 400 m, and northerly and northwesterly winds were dominant at
heights above 400 m. One noticeable change is that
at approximately 0800 UTC, the easterly wind below
400 m gradually turned into northwesterly wind, and
the height of the northwesterly winds increased to
7500 m, which indicates that the northwesterly air
current in front of the ridge began to affect Urumqi.
At 0830 UTC, the wind speed at 2000-3000 m obviously increased, and a northwesterly jet stream exceeding 36 m/s appeared and spread to the lower
layer. Then, the Urumqi rainstorm began to appear
at 0900 UTC. Furthermore, obvious wind shear occurred from the bottom to the middle of the troposphere (from the ground to 3000 m) at approximately
1000 UTC and was characterized by westerly, northwesterly, easterly, and northerly wind, and the vertical wind shear led to the unstable development of atmospheric layer dynamics. The entire layer comprised northwesterly and northerly winds, with clear
jets at altitudes of 500 m and 4500 m, respectively,
at approximately 1200 UTC; at this time, the hourly
precipitation was 14.7 mm. Subsequently, the height

of the jet at 4500 m gradually decreased to approximately 1000 m at approximately 1900 UTC, corresponding to the end of heavy rain.
Figure 4b shows that from 0400 to 1200 UTC
on 27 June 2015, the airflow above 3000 m was controlled by the southwesterly airflow in front of the
trough, the airflow between 1500 and 3000 m was
mainly controlled by the southeasterly wind, the airflow between 400 and 1500 m was mainly controlled
by the northwesterly wind and the airflow below 400
m was relatively messy. Obvious shear lines separated the high-level southeasterly wind and lowlevel northwesterly wind near the height of 1500 m
beginning at 0800 UTC. At approximately 1000
UTC, the lower-level wind transitioned to southwesterly wind, and the southwesterly wind above
3000 m strengthened. At this point, a rainstorm began to appear. After 1230 UTC, the winds in the
near-surface layer became consistent northwesterly
winds, and the height of the shear line rose above
1500 m. The main period of precipitation then began.
At approximately 1540 UTC, there was a sudden
change in wind direction and an increase in wind
speed at approximately 2500-3000 m and 4500-6000
m, followed by short-term heavy rainfall of 10.1 mm
at 1600 UTC. With the weakening of the high-level
southwesterly wind and the low-level northwesterly
wind, the rainstorm gradually weakened and stopped.
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(The black solid line position corresponds to the time of rainstorm start, the red solid line position corresponds to the time of
rainstorm end, and the black rectangular position corresponds to the time of short-term strong precipitation occurrence, same
as below)


Figure 4c shows that a shear line between lowlevel northerly wind and high-level southerly wind
existed near 1500 m and developed upward from
0400 UTC on 2 October 2016. Additionally, the surface wind began to turn into northwesterly wind. The
shear line was located near 3000 m at 0900 UTC, and
a low-level jet stream with a maximum wind speed
of 27.7 m appeared. At the same time, the height of
the southwesterly wind decreased, indicating that the
influence of the high-altitude trough intensified and
precipitation began. Subsequently, the shear line was
developed further near 5500 m, and a low-level jet
of more than 12 m/s emerged below 1000 m.

The analysis of the three heavy rain processes
described above indicates that for process 1 with the
ridge and β-mesoscale system, the entire atmosphere
featured northwesterly or northerly wind. More importantly, before the occurrence of short-term heavy
precipitation, the wind direction exhibited obvious
and short-term changes, and the high wind speed
rapidly spread to the lower layer. For process 2 with
the trough and γ-mesoscale system, an obvious shear
line between high-level southeasterly winds and
low-level northwesterly winds at a height of 1500 m
can be observed, and when short-term heavy precipitation occurred, an obvious sudden change in wind
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direction and an increase in wind speed occurred at
approximately 2500-3000 m and 4500-6000 m. For
process 3 with the trough system, a gradual rise of
the shear line between low-level northerly wind and
high-level southerly wind from 1500 m to 5500 m is
clearly visible, and before the heavy rain approaches,
the low-level jet began to appear. Moreover, before
the three heavy rain events, the wind in the near-surface layer became northwesterly wind before the
rainstorm approached.

the vertical velocity from the radar wind profiler during the three rainstorms. When torrential rain occurs,
the distribution of the power spectral density detected vertically by the radar wind profiler contains
both the return signals of precipitation particles and
the atmospheric return signals [43], and the vertical
velocity during the heavy rain indicates a combination of the falling velocity of precipitation particles
and the vertical wind speed [44-46]. Because precipitation has a higher reflectivity than clear air, the
value of vertical velocity here primarily represents
the falling velocity of precipitation particles during
the rainstorm.

9,7B=4= :1 @0<>4.,7 @07:.4>B /,>, :1 <,/,<
A49/ ;<:1470<= /?<492 /4110<09> >B;0= :1 30,@B
<,49 Figure 5a–c shows the time–height charts of
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Figure 5a shows that before the start of process
1, the vertical wind speed was relatively low; however, the vertical wind speed increased above 5000
m 1 hour before the start of the rainstorm, and the
vertical wind speed from 1000 m to 3000 m increased rapidly by approximately 3.0–6.0 m/s at the
start of the torrential rain at approximately 0900
UTC. These results indicate strong sinking movement (the vertical speed of the downward wind is defined as positive and that of the upward wind is defined as negative for the CFL-03 radar wind profiler),
and the vertical velocity at this moment primarily
represents the falling velocity of precipitation particles. During the entire rainstorm process, intense
falling movement was predominant in the level below 3000 m, with the vertical velocity fluctuating in
the range of 2.0–9.0 m/s. The highest sinking speed
occurred at approximately 1200 UTC, when the
maximum sinking speed was more than 9 m/s, and
sinking speeds exceeding 5 m/s occurred from near
the ground to over 4500 m. At this time, the hourly
precipitation total was 14.7 mm. When the rainstorm
ended at approximately 1900 UTC, the vertical velocity rapidly decreased.
For process 2, Figure 5b shows that the vertical
wind speed increased to 5 m/s or more below 3000
m 1 hour before the start of the rainstorm and that the
falling speed of the precipitation particles reached 6
m/s or more in the main period of heavy rain below
the height of 3000 m. Additionally, the strongest
sinking speed reached 9 m/s at approximately 18002500 m. At exactly 1600 UTC, the short-term heavy
precipitation total was 10.1 mm. When the rainstorm
weakened and stopped at approximately 2000 UTC,
the vertical speed obviously decreased.
Figure 5c displays the time–height variations in
the vertical velocity of process 3. The vertical wind
speed increased to 2 m/s or more below 2000 m approximately 1 hour before the start of the rainstorm.
Sinking speeds of more than 2 m/s occurred below
1500 m during the entire rainstorm. The highest
sinking speed of 7 m/s and the highest hourly precipitation total during the entire rainstorm of 5.2 mm
occurred at 1400 UTC. After the precipitation weakened and stopped, the vertical velocity rapidly decreased.
The analysis of the three heavy rain processes
described above indicates that the vertical speed increased rapidly 1-2 hours before the start of the three
rainstorms. For process 1 and process 2 with shortterm heavy precipitation, the vertical speed from the
ground to 3000 m was more than 6 m/s during the
whole rainstorm in general, and the strongest sinking
speed reached 9 m/s. For process 3, sinking speeds
of more than 2 m/s occurred below 1500 m during
the entire rainstorm, and the highest sinking speed
was 7 m/s. However, the vertical velocity quickly
and significantly decreased when the three torrential
rain events weakened and ended. Additionally, there
was a good correspondence between vertical

velocity and precipitation intensity during the entire
rainstorm.

,>, ,9,7B=4= :1 ,>8:=;30<4. >08;0<,>?<0
/,>,:12<:?9/-,=0/84.<:A,@0<,/4:80>0<The
profiles of temperature and humidity from the surface to 10 km can be obtained based on groundbased microwave radiometers by measuring the radiation intensity at multiple frequency channels in
the microwave spectrum that are controlled by cloud
liquid water, atmospheric water vapor and molecular
oxygen emissions [25].
Figure 6a–c shows the time–height charts of atmospheric temperature detected by ground-based
microwave radiometers during the three rainstorm
events mentioned above. Figure 6a indicates that the
temperature near the ground layer was relatively
high, reaching up to 30 °C before the start of process
1 and that the atmospheric temperature above 3000
m increased slightly at approximately 0700 UTC, 2
hours before the start of the rainstorm. At the beginning of the rainstorm, there was a significant increase in temperature in the atmosphere, and a temperature peak occurred at approximately 0930 UTC.
Additionally, several temperature peaks occurred
during the rainstorm process, and the highest values
appeared at approximately 1130 UTC, with hightemperature centers of 11 °C appearing at heights of
3000 m and 5500 m. These high temperatures occurred at the same time as the hourly precipitation
total of 14.7 mm. When the rainstorm was over, the
temperature fluctuations quickly disappeared at approximately 1900 UTC.
For process 2, Figure 6b shows that weak temperature peaks occurred approximately 2 hours before the start of the rainstorm. At approximately
0800 UTC, corresponding to the beginning of the
rainstorm, there was a significant increase in temperature in the atmosphere, reaching a temperature peak
at approximately 1030 UTC. Several other obvious
temperature peaks also occurred in the atmosphere
during the rainstorm process. During process 2, the
highest hourly precipitation of 10.1 mm occurred at
approximately 1530 UTC, and high-temperature
centers with temperatures of 14 °C and 13 °C appeared at heights of 5500 m and 3500 m, respectively.
At the end of the storm at 2000 UTC, the temperature
peak disappeared, and the atmospheric temperature
dropped significantly.
For process 3, Figure 6c shows no significant
changes in atmospheric temperature before the rainstorm approached, but at the beginning of the rainstorm, there was a significant increase in temperature
in the atmosphere, reaching a temperature peak at
approximately 0930 UTC. Similarly, during the full
rainstorm process, several obvious temperature
peaks occurred in the atmosphere, and a large temperature band above 10 °C was located at 3000-4000
m. When the rainstorm was over, the temperature of
the whole layer rapidly decreased.
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temperature peaks disappeared, and the atmospheric
The analysis of the three heavy rain processes
temperature decreased significantly.
described above indicates that for process 1 and pro
cess 2 with short-term heavy precipitation, the tem;;74.,>4:9 :1 <07,>4@0 3?84/4>B /,>, 1<:8
perature of the atmosphere increased approximately
>302<:?9/-,=0/84.<:A,@0<,/4:80>0<=Figure
2 hours before the start of the rainstorm. Addition7a–c shows the time–height charts of atmospheric
ally, several significant temperature peaks occurred
relative humidity detected by the ground-based miduring the rainstorm process, and the highest temcrowave radiometers during the three heavy rain
perature values occurred at a height of 5500 m. In
events mentioned above. Figure 7a shows that the
contrast to the first two heavy rain events, for process
entire atmosphere was relatively dry before the start
3, the temperature of the atmosphere also increased
of process 1: the relative humidity above 1500 m was
significantly during the rainstorm process, but the
less than 50%, whereas the relative humidity in the
temperature peaks were not as sharp as those of the
near-surface layer was 80% or more. Approximately
other two processes. Furthermore, the high tempera1 hour before the start of the rainstorm, a large area
ture centers appeared at heights of 3000-4000 m. At
with high relative humidity began to develop at the
the end of the three heavy rain events, the
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top of the profile, and the relative humidity at heights
m to 5000 m during the entire heavy rain process,
from 3000 m to 5000 m reached 100% at approxiand when the highest hourly precipitation occurred,
mately 1100 UTC on 9 June 2015. This process was
the saturated area from 3000 m to 5000 m became
followed by the highest hourly precipitation. Along
more apparent because of the reduction in the relawith the dramatic fluctuations in relative humidity,
tive humidity near the ground. When the rainstorm
the atmosphere from a height of 1000 m to 4000 m
was over, the saturated zone below 3000 m gradually
was basically saturated with water vapor during the
disappeared, whereas the relative humidity above
rainstorm. When the rainstorm was over, the relative
4000 m increased.
humidity of the entire layer gradually decreased.
For process 3, Figure 7c clearly shows that the
For process 2, Figure 7b displays a slight inatmosphere below 1000 m was relatively dry, with a
crease and fluctuations in relative humidity at
relative humidity value of less than 50% before the
heights of 500 m and 3500 m approximately 1 hour
start of the heavy rain. Approximately 1 hour before
before the start of the rainstorm. Soon thereafter at
the start of the rainstorm, the relative humidity above
approximately 1030 UTC, an obvious saturated zone
8000 m and below 1000 m gradually increased. The
with 100% relative humidity appeared at heights
atmospheric relative humidity near the ground infrom 2000 m to 4000 m at the beginning of process
creased significantly at the beginning of the rain2. The fluctuating saturated region ranged from 2000
storm, and the saturated region with fluctuating
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relative humidity conditions decreased slightly from
1000 m to 3500 m during the heavy rain. When the
rainstorm process weakened and stopped, the relative humidity of the entire atmosphere rapidly decreased while exhibiting dramatic fluctuations.
The analysis of the three heavy rain processes
described above indicates that for process 1 and process 2 with short-term heavy precipitation, the atmospheric relative humidity increased and fluctuated approximately 1 hour before the start of the
rainstorm. When the highest hourly precipitation occurred, the saturated area from 3000 m to 5000 m

became more apparent and exhibited obvious fluctuations. Moreover, the saturated region persisted, albeit with fluctuations, throughout the entire heavy
rain process. In contrast to the other two heavy rain
events, for process 3, approximately 1 hour before
the start of the rainstorm, the relative humidity above
8000 m and below 1000 m gradually increased, and
the change in relative humidity during the whole
rainstorm process was slower than in the other two
rainstorms. At the end of the three heavy rain events,
the vertical distribution of atmospheric relative humidity changed significantly in different ways.
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before the start of heavy rain. The water vapor density peaks existed in the form of large fluctuations
during the whole heavy rain process, and the water
vapor density below 2000 m reached 20 g/m3 when
the highest hourly precipitation occurred. For process 3, the water vapor density increased slightly at
approximately 3000 m approximately 2 hours before
the start of the rainstorm, and the water vapor density
below 3000 m increased significantly at the beginning of the rainstorm. The water vapor density below
2500 m maintained a large value of more than 7 g/m3
during the heavy rain. The main period of heavy rain
was accompanied by multiple peaks of high water
vapor density values during the three heavy rain
events, and the water vapor density decreased significantly when the precipitation weakened and stopped.

,>, ,9,7B=4= :1 A,>0< @,;:< /09=4>B :1
2<:?9/-,=0/84.<:A,@0<,/4:80>0< Figure 8a–
c displays the time–height charts of the water vapor
density data detected by ground-based microwave
radiometers during the three heavy rain events discussed above. Figure 8a illustrates that the water vapor was mainly concentrated in the near-ground region below 500 m before the start of the first type of
heavy rain and that the peak value of the water vapor
density rose upward (purple area) before the rainstorm approached at 0830 UTC on 9 June 2015. The
main period of heavy rain was accompanied by multiple peaks of high water vapor density values, and
at approximately 1100 UTC, the area with the highest water vapor density in the rainstorm period appeared. At this time, the water vapor density below
2000 m reached 20 g/m3, and the highest hourly precipitation of 14.7 mm occurred. With the obvious decrease in precipitation intensity, the water vapor density below 2000 m also obviously decreased after
1200 UTC, and after the precipitation completely
stopped, the water vapor density decreased further
after 1900 UTC.
Figure 8b indicates that the water vapor density
near the ground before the start of process 2 was 16
g/m3 and that there were fluctuations in the water vapor density. The water vapor density below 1000 m
increased and fluctuated approximately 1 hour before the start of the rainstorm. These fluctuations extended to a height of 4000 m (yellow area) at the beginning of the precipitation at approximately 1030
UTC on 27 June 2015. During the rainstorm, there
were several water vapor density fluctuations, and
the water vapor density below 3000 m was greater
than 10 g/m3. The zone with the maximum water vapor density of 20 g/m3 extended from the ground to
a height of 2000 m at approximately 1530 UTC,
when the highest hourly precipitation of 10.1 mm occurred. As the rainstorm weakened and stopped, the
water vapor density gradually decreased.
Figure 8c demonstrates that before the start of
the third heavy rain event, the low-level layer below
1000 m exhibited a low water vapor density, corresponding well to the characteristics of this dry area
based on the relative humidity data in Figure 7c. A
slight increase in water vapor density at approximately 3000 m occurred approximately 2 hours before the start of the rainstorm. At approximately
0930 UTC on 1 October 2016, the water vapor density below 3000 m increased significantly (from the
green area to the yellow area) when the rainstorm began. During the heavy rain, the water vapor density
below 2500 m maintained a high value of 7 g/m3 or
more. As the precipitation weakened and stopped,
the water vapor density decreased significantly.
The analysis of the three heavy rain processes
described above indicates that for process 1 and process 2 with short-term heavy precipitation, the atmospheric water vapor density in the lower atmosphere increased relatively significantly 1-2 hours

! '%! 
Based on the different precipitation characteristics of heavy rain events in Urumqi (including the
different weather circulation conditions, cloud characteristics, atmospheric wind field, vertical velocity,
temperature, relative humidity, and water vapor density), three torrential rain processes (labeled process
1, process 2 and process 3) with significant differences occurring in Urumqi during 2015-2016 are
used as examples in this research. This paper analyzed the different variation features of the atmosphere by radar wind profiles and ground-based microwave radiometers during the three heavy rain
events. The major findings are summarized as follows:
(1) For process 1, which was affected by a ridge
and β-mesoscale system, the entire atmosphere exhibited northwesterly or northerly wind during the
torrential rain process, and the wind direction exhibited obvious and short-term changes before the occurrence of short-term heavy precipitation. For process 2, which was affected by a trough and γmesoscale system, an obvious shear line between
high-level southeasterly winds and low-level northwesterly winds at a height of 1500 m developed, and
a sudden change in wind direction and an increase in
wind speed occurred at the same time as the shortterm heavy precipitation. For process 3, which was
affected by a trough and large-scale cloud system, a
shear line between low-level northerly wind and
high-level southerly wind gradually increased in altitude from 1500 m to 5500 m and was clearly visible.
Before the three heavy rain events, the wind in the
near-surface layer turned northwesterly as the rainstorm approached. The vertical speed increased rapidly 1-2 hours before the start of the three rainstorms.
For process 1 and process 2, the vertical speeds from
the ground to 3000 m were generally more than 6 m/s
during the whole rainstorm events, and the highest
sinking speed reached 9 m/s. For process 3, sinking
speeds of more than 2 m/s occurred below 1500 m
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during the entire rainstorm, and the highest sinking
speed was 7 m/s. The vertical velocity quickly and
significantly weakened when the torrential rain
ended. The vertical distribution of cloud and rain
particles had a good correspondence with the highvalue centers of vertical velocity.
(2) The three torrential rain events are clearly
evident in the time–height charts of atmospheric
temperature, relative humidity and water vapor density detected by the ground-based microwave radiometers. For process 1 and process 2, the temperature of the atmosphere increased approximately 2
hours before the start of the rainstorms, and several
significant temperature peaks occurred during the
entire rainstorm process. For process 3, the temperature of the atmosphere also increased significantly
during the rainstorm process, but the temperature
peaks were not as sharp as the other two processes
and the high-temperature centers appeared at heights
of 3000-4000 m. For process 1 and process 2, the atmospheric relative humidity increased with fluctuations approximately 1 hour before the start of the
rainstorm, and the region of saturated relative humidity existed with fluctuations during entire heavy
rain process. For process 3, approximately 1 hour before the start of the rainstorm, the relative humidity
above 8000 m and below 1000 m gradually increased,
and the change in relative humidity was slower
throughout the whole rainstorm process than in the
other two rainstorm events.
(3) For process 1 and process 2, 1-2 hours before the start of heavy rain, the atmospheric water
vapor density increased relatively significantly in the
lower atmosphere. Water vapor density peaks produced by dramatic fluctuations occurred throughout
the whole process of the heavy rain events. For process 3, the water vapor density exhibited a slight increase at approximately 3000 m approximately 2
hours before the start of the rainstorm, and the water
vapor density below 3000 m increased significantly
at the beginning of precipitation. The water vapor
density below 2500 m maintained a large value of
more than 7 g/m3 during the heavy rain process. The
high-value centers of atmospheric temperature, relative humidity and water vapor density corresponded
well in terms of timing and intensity to precipitation,
and all decreased significantly when precipitation
weakened and stopped.
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adults and larvae from the whole grain and usually
their damages along with other storage pests are
about 5-10 to 20-30% in the temperate and tropical
zone, respectively [1-3]. The control of herbivorous
pests, such as  #$, is a great economic problem for the world population, from past till now.
Rapid population growth from one side, and increasing demand for the food, on the other, has
caused widespread use of chemical pesticides. Unfortunately, overuse of agrochemicals increases the
pesticide residues in our ecological environment.
These synthetic chemicals can contaminate food,
water, soil and air due to direct or indirect applications. In addition to these problems, pest resistance
to insecticides is also seriously discussed [4, 5].
Therefore, the protection of stored grains
against these pests has been a major problem for
producers [6]. Usually, conventional and synthetic
chemical insecticides such as liquid and gaseous
compounds have been considered to control the
pests of stored grain. But continuous application of
these insecticides has irreparable consequences on
the environment, human health and livestock products. In addition, repeated use of these insecticides
can also lead to reduce the population of natural
enemies, development resistance and outbreaks of
rice weevil [3, 7]. According to what was said,
development of eco-friendly compounds as an
alternative substances for synthetic pesticides is
very essential, because these natural compounds are
usually compatible with ecosystems and human
health [6, 8]. One of these alternatives ways is the
use of botanical insecticides, especially with the
origin of aromatic plants. Botanical insecticides
present less risk to the environment and human
health while increasing the food safety [4]. These
plants usually provide secondary metabolites and
constitute a rich source of bioactive chemicals. Also
these natural products are less harmful to the human
health, food and environment and consequently can
be introduced as an alternative stored pest control
strategy [3, 7-9]. Therefore, focus on plant materi-

 

The rice weevil,  ! #$ (L.) (Coleoptera: Curculionidae) is one of the most destructive insects of stored grain pest in Iran and many
parts of the world. Using plant extracts such as
walnut extract as an alternative stored pest control
strategy has no irreparable consequences on the
environment, human health and livestock products.
In this study, we evaluated the contact, fumigant
and antifeedant activities of !  leaf
extract to control of  #$. The contact toxicity
showed that the highest concentration of walnut
extract (0.1 g/ml) was the most effective concentration (66.66 %) at different days after treatment. The
LC50 value was calculated equal to 0.012 (0.0020.481) g/ml. The results of fumigant toxicity of
walnut extract during different days showed that the
mortality was dependent upon the concentration so
that the highest amount of mortality was observed
in the 0.1 (g/ml) concentrations on the 7th, 10th and
14th days after treatment with 43.33%, 56.66% and
76.66%, respectively. The antifeedant toxicity revealed that weight of rice kernels was decreasing
with the increasing of walnut extract concentration
and weight loss was slightly increased from 0.1
(g/ml) to 0.00001 (g/ml) concentrations. Our results
imply that the leaf extracts of   can be introduced as an effective insecticide against  #$.


&  
Walnut, leaf extract, ! ,  ! #$,
Fumigant, Antifeedant


    
The rice weevil,  ! #$ (L.) (Coleoptera: Curculionidae) is known as one of the most
destructive insects of stored grains pests in many
parts of the world. Grain loss caused by feeding the
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als as stored-product insect control agents could
lead to the development of safe insect control strategy in integrated pest management [7].
Many extracts from the different plants have
demonstrated insecticidal or anti-feeding properties
against insect pests such as stored grain insects [2,
10]. One of these plants is !  that belongs to walnut family. Green huske and leaves of
walnut has notable economic and medicinal values
and also shown insecticidal activities in some studies [11, 12] but there were no reports on rice weevil. So, this paper defines a laboratory study to
examine the potential of walnut leaves extracts as
botanical insecticides and anti-feeding agent. Insecticidal activities of methanol extract from . 
was produced and evaluated against adults of the
rice weevil, . #$ (L.).


     

extract was obtained, which then was freeze-dried
to completely remove the solvent [15, 16].

&6)##)?#65-)+- 6>&+&-?The contact activities of walnut extract were evaluated in impregnated-paper assays. A series of dilutions (0.1,
0.001, 0.0001, 0.00001, 0.000001 g/ml) of walnut
extract were prepared using methanol as a solvent.
Aliquots of 0.5 ml of the dilutions were applied to
filter papers (Whatman No. 2, 5 cm diameter) and
control received 0.5 ml of methanol. Then all filter
papers were air-dried under laboratory conditions
for 2 min to evaporate the solvent. After drying,
each filter paper was placed in the bottom of a
petri-dish (5 cm diameter), and then 10 adults (7-14
days old) of  #$ were placed in each which
was covered with a lid and 6-8 holes were made to
allow air circulation [17, 18]. Each petri-dish contains four grams of rice kernels in order to feed the
insects. The petri-dishes were kept in the insectarium (28±1C°, 75±5 % R.H.,16:8 L:D) and mortalities were recorded every 24 h during 14 days.
Adults were considered dead if appendages did not
move to a gentle probe with a fine brush [7]. All
experiments were performed with 3 replications.

4&/)5- -6>&+&-? The fumigant toxicity of
walnut extract was conducted as the methods of
Huang, Lam [18] with some modifications. A filter
paper (diameter 5.0 cm) was impregnated with 25
μl of each concentration and methanol as a control.
After evaporating the solvent for 2 min under laboratory conditions, the filter paper was attached to
the undersurface of a petri-dish lid (diameter 5.0
cm) and then 10 adults (7-14 days old) of  #$
were placed in each. Then each petri-dish was covered with a lid without any holes. Then the lids of
each petri-dish were tightly sealed and were kept in
the insectarium (28±1 C°, 75±5 % R.H, 16:8 L:D).
Three replicates of each control and treatment were
set up. After 24 h, the insects were transferred to
clean petri-dish contains four grams of rice kernels
and kept under insectarium conditions (28±1C°,
75±5 % R.H.,16:8 L:D) for mortality determination
during 14 days after treatment.

5-&.--,)5-)+-&<&-?Antifeedant activity was
determined as the methods of Gomathi and Rathinam [2] and Brari and Thakur [19] with some modifications.1 mL of each concentrations (0.1, 0.001,
0.0001, 0.00001, 0.000001 g/ml) and 1 mL of
methanol as control were mixed with 4 gr rice kernels in beaker (25 mL) on a shaker at medium
speed for 1 hours. During this one hour beaker was
coated by a nylon cover. After the mixing was
completed, the nylon cover was removed from the
beaker to evaporate the solvent. After evaporating
the solvent, rice grains were transferred into Petridishes (diameter 5.0 cm) and then 10 adult of 
#$ were introduced into the petri-dishes con-

5#-+-3--. #$ were obtained from
entomology laboratory stock culture of Mazandaran
University of Medical Sciences, Sari, Iran. Weevils
were originally collected from a rice warehouse
from Sari County (36°33′47″ N, 53°03′36″ E, 43 m
above sea level) in 2014 and are constantly rearing
since that date without contact with insecticides.
The insects were transferred to new plastic containers (30×30×30cm3) and reared on un-infected rice
grains in plastic container under the laboratory
conditions at 28±1C°, 75±5 % R.H., and a 16:8 L:D
photoperiod. The F3 generation (In order to adapt to
new containers) of the adults from the new cultures
was used. All experiments were conducted at same
conditions.

!3)5-# )5, #)473- 7-7))-&65 Walnuts
green leaves samples, free of exposure to insecticides, were collected from Savadkuh County, Mazandaran province, Iran (35°59'40" N, 52°41'57" E,
2102 m above sea level) and were transferred to the
Entomology Laboratory of Mazandaran University
of Medical Sciences, then all leaves carefully
washed with distilled water. After evaporation of
distilled water with air-dried at room temperature
all leaves were placed in the oven at 450C (at least
for 48 hours) until the leaves were brittle [13]. After
dried leaves were mechanically powdered, the
powder was extracted as the methods of Chaleshtori
et al., [14] with some modifications [14]. 30 g of
powder was extracted using methanol 99 % (300
mL) on a shaker at 100 rpm for 48 hours. Thereafter, the extract was separated from the sample residue by filtration through Whatman No. 1 filter
paper. This procedure was repeated 3 times. The
extract was filtered (using filter papers) and concentrated under reduced pressure at 40°C using a
rotary evaporator (about 25 min) until a crude solid
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taining the treated or untreated grains. After covering each petri-dish with a lid (with 6 to 8 holes),
adults were allowed to feed for 7 days. After the
feeding period, weight loss of rice kernels was
measured and the percentage of antifeedant index
(%WL) was calculated by following formula:

doses 0.00001, 0.0001, 0.001, 0.01 and 0.1 g/ml,
respectively. It was found that the various doses of
walnut extract were not efficient in the control of 
#$ adults on the first day after treatment, and
also there was no significant difference between the
different doses (P=0.07). But over time the mortality rate of insects gradually increased and adults of
 #$ showed susceptibilities to the contact toxicity of walnut extract. The results indicated that the
insecticidal activity of the walnut extract at dose 0.1
gr/ml was significantly higher than the other doses
at 4 (26.66±6.66), 7 (33.33±3.33), 10 (46.66±3.33)
and 14 (66.66±3.33) days after bioassay (P<0.001).
The LC50 value for walnut extract was calculated
equal to 0.012666 (0.0022018-0.48110) (g/ml) and
shown in Figure 1.

4&/)5--6>&+&-?The response of  #$
adults to the fumigant toxicity of walnut leaf extract
varied with different concentrations. During all
days exposure, there was a significant difference (P
< 0.05) in the fumigant activity of walnut extract at
the highest concentration (0.1 g/ml) in which the
highest mortality was observed on the 7th, 10th and
14th days after treatment with 43.33, 56.66 and
76.66 %, respectively (Table 2). Fumigant toxicity
of walnut extract revealed that the mortality was
dependent upon the concentration.

5-&.--,)5- )+-&<&-? Antifeedant activity of
walnut extracts was evaluated against adults of 
#$. The results showed that adults that fed on
the treated rice kernels for 7 d, had a significant
weight loss with respect to the control (P < 0.05)
(Figure 2). The highest weight loss of rice kernels
was significantly (P < 0.01) observed in control
treatment (81.25±3.6 %) and the lowest weight loss
of rice kernels was significantly (P < 0.001) observed at 0.1 g/ml concentration (4.16±2.2 %).


where IW denotes initial weight and FW denotes final weight.

-)-&#-&+)3)5)3?#-#The percentage mortality
was corrected by Abbott’s formula [20] and then
transformed to arcsine for analysis of variance
(ANOVA, IBM SPSS V20.0). All corrected mortality means values were compared and separated on
the basis of Fisher’s least Significant Difference
(LSD) value at =0.05 probability level using of
SAS Institute, Inc. (1985) [21]. The mortality rates
from the bioassay of the five different concentrations of the walnut extracts using methanol solvent
were subject to a probit analysis to estimate the
LC50 (concentration at which 50% of the rice weevils died) and the slope of the regression line. Probit
analysis [22] was performed using Graph-Pad
Prism 5.0 software [23] for analyzing the dosage
mortality response. LC50 curve was plotted using
MedCalc.v18.9.1 software [24].

 



65-)+- )+-&<&-? The toxicity of different
doses of walnut extract to  #$ adults is recorded in Table 1. All the treatments produced significant mortality at 14 days after bioassay. The
mortality ranged from 0 to 26.66%, 0 to 26.66%, 0
to 30%, 6.66 to 46.66% and 6.66 to 66.66% with



 
5#-+-&+&,)3)+-&<&-&-#6.,&..--5-,6#-#6.7)35-->-)+-)/)&5#-),3-#

6-)3&-?4-)5A 



6#)/-#/ 43
)?#).----)-4-5-




)? 
)?
)?
)? 
)? 


0*
20)
20±0*
23.33±3.33*
26.66±6.66+


0*
0*
6.66±5.77+
20±0+
26.66±5.77+
 
0*
3.33±3.33*
10±0+
10±0+
30±5.77*+
 
6.66±3.33)
6.66±3.33*
6.66±3.33+
13.33±3.33+
46.66±6.66*
 
6.66±3.33)
26.66±6.66)
33.33±3.33)
46.66±3.33)
66.66±3.33)
=0.07
=0.001
˂0.001
˂0.001
=0.001

df=4
df=4
df=4
df=4
df=4
¥

LSD=6.7
LSD=11.5
LSD=8.1
LSD=8.1
LSD=16.9
*Each datum represents the mean of three replicates; each set up with 10 adults (n=30).
¥
Fisher’s Least Significant Difference (LSD) value (When the difference between the means of the two treatments is further
apart than the LSD value, significant (P≤ 0.05) differences exist.).
**Means within a column followed by the same letter are not significantly different at = 0.05.
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4&/)5-)+-&<&-&-#6.7)35-->-)+-)/)&5#-
6-)3&-?4-)5A 


)?#).----)-4-5-
)? 
0*
0*
0*
6.6±3. 3)
10±0)
=0.0016
df=4
¥
LSD=4.7

)?
13.33±6.66*
0*
3.3±3.33*
6.66±3.33*
30±5.77)
=0.0058
df=4
LSD=14.1









)?
13.33±6.66*
6.66±3.33*
10±0*
6.66±3.33*
43.33±6.66)
˂0.0012
df=4
LSD=14.8

)? 
16.66±3.33*
20±0*
10±0*
13.33±3.33*
56.66±8.81)
˂0.0001
df=4
LSD=14.09

)? 
20±0+
26.66±3.33+
30±5.77*+
40±5.77*
76.66±3.33)
˂0.0001
df=4
LSD=13.2

*Each datum represents the mean of three replicates; each set up with 10 adults (n=30)
¥
Fisher’s Least Significant Difference (LSD) value (When the difference between the means of the two treatments is further
apart than the LSD value, significant (P≤ 0.05) differences exist.).
**Means within a column followed by the same letter are not significantly different at = 0.05.
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! by Wang et al., [13]; it was found that
kind of solvent can increase or decrease the mortality effect of walnut leaves extracts [12, 13].
Furthermore, some plant leaf extracts are
known to possess harmful and insecticidal effects
against various stored-product insects. GuruPirasanna-Pandi et al., [29] studied toxicity and
repellency activities of the   ! !
leaf extract on adults of  #$ and !
 !, and reported that the leaf extract significantly reduced the survival potential of two important insect pests in stored rice. In addition, repellent activity of extracts was observed against both
insects. Ali et al., [10] assessed the contact toxicity
of  !  leaf extracts against two major
stored grain pests, the khapra beetle and the rice
weevil, under laboratory conditions. Results indicated that the highest concentration of leaf extracts
induced the significantly highest mortality in 
! and  #$ after 7 days of exposure.
Jide-Ojo [30] evaluated the biological effects of
leaf extracts of   ! against . $
and observed that the extract significantly inhibited
oviposition in a dose dependent manner. Also their
results showed that there is a dose-dependent insecticidal and antifeedant effects. So, as can be seen,
outcomes obtained in all mentioned studies obviously showed that leaf extracts proves a good potential as a source of a novel plant-based biopesticide [30].
As mentioned above, leaf extracts of  
can can be introduced as an effective pesticide.
Previous studies assessed the source and the mode
of action of the pesticides activities of walnut leaf
extracts [13]. In the leaves of   there is an
active substance called juglone (5-hydroxy-1,4naphthoquinone). Juglone is a phenolic compound
that released by walnut trees. This compound is
considered as important natural antioxidants which
are toxic to many insects, plant, bacteria and fungi.
[13, 25, 31]. Inhibitory and mortality effects of
juglone on plants and insects have led to that this
compound considered as an herbicide or insecticide
[31].
In our study, walnut leaf extracts significantly
served as an antifeedant with notable insecticidal
properties. One of the plant defense mechanisms
against insects’ pest is the production of secondary
metabolites such as terpenes that have biological
effects against different insect species. These compounds such as -clerodane diterpenes and triterpenes have demonstrated antifeedant activity toward some insect species. Since previous studies
demonstrated that   leaf is contained terpenes
[13, 32] therefore, the walnut extract can have an
important role in antifeedant activity against 
#$.
Finally, it should be noted that insecticidal and
antifeedant effects observed for  is were
parallel to other leaf botanical extracts which is

 

Although, it was described that the walnut leaf
extracts had powerful contact and anti-feeding
effect on lepidoptera and aphids [12] but, little
work has been done on the efficacy of walnut leaf
extract for the management of stored-product insects. Therefore, in our study walnut leaves extract
was tested against adults of  #$ for the first
time. In this study, five different concentrations of
walnut extract were tested by direct contact application against adults of  #$. The study results
showed that the methanol extract from leaves of 
 have insecticidal activities in contact toxicity
against adults of rice weevil but the insecticidal
activity varied with concentrations and exposure
time. We also found that   leaf extract exhibited fumigant toxicity against  #$ in the laboratory. It is concluded that the leaf extracts of 
can can be introduced as an effective pesticide
against insects at the same time, which suggested
the benefits of botanical pesticides that reduce the
potential insect developing resistance [13].
Potent insecticidal, acaricidal, antibacterial
and antifungal activity of the walnut’s leaves, fruits
and green husk extracts were described [13, 25, 26].
Kumar et al., [27] assessed the efficacy of green
leaf extracts of   against the "
 under field conditions. Results revealed
that at 7 days after treatment the walnut extract
killed 70.07 % of pest population [27]. Palagacheva
and Kehayov [28] investigated the toxicity of walnut extract on such pollen beetle (   
! F.) and blossom beetle (    Poda)
and indicated that plant extracts in a solution with a
concentration above 1% can be effectiveness
against adults beetles [28]. Wang et al. [13] found
that   leaf extracts exhibited contact toxicity
to  #! ! and  "
under laboratory conditions. They reported that
percent mortality of the  ! and 
" by walnut leaves extracts from methanol
were 30.18% and 31.74%, respectively, under room
temperature. Also the LC50 of the extracts from
methanol to the two mite species were 61.80 and
60.57 mg/ml, respectively, by using slide dip bioassay technique [13]. Wang et al. [12] in another
experiment showed the acaricidal activity of methanol extract from walnut green husk against 
!. The results showed that the insect
mortality was 35.07 % after exposed in the methanol extract (1 mg·mL-1) from walnut green husk
[12]. As mentioned above, walnut leaf extract has a
different effect in terms of lethality. In this regard,
using different extraction techniques or different
solvent in the production of plant extract and even
the ecological impacts of plant production or harvest can be related to this issue. For example in the
study of acaricidal activity of !  leaf
extracts on  #! " and  #!
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considered as bio-pesticides. This is very important
point because the botanical insecticides not only
have toxic effects on narrow range of pest insects
but also have slight or no harmful effects on nontarget organisms or environment and can therefore
be introduced as an alternative to chemical pesticide [7, 8].


   

As the same way, outcomes and observations
of this study indicate that   leaf extract can
be useful for managing populations of  #$ and
it is opening a new perspective in .  research.
Thus, this work can support the ongoing study of
walnut leaf structural identification of activity materials which can help to progress the new botanical
insecticides.
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Rockwool is made from igneous volcanic rocks
and blast furnace slag. The manufacturing process
starts the melting of dolomite basalt and coal as fiber
in 1380-1500 ° C and then it is transformed 97% natural fiber. Generally, the rockwool fibers are adhered
to each other, a mixture called ‟Binder” is used. This
binder can be prepared from chemicals such as phenol-formaldehyde resin, silane, silicone and process
oil. It can also be prepared using different chemicals
such as anhydride, amine, reducing sugars. As an alternative, in this study we tried to produce environmentally friendly rockwool insulation material with
high thermal resistance, odorless and high strength
with inorganic resin. In the products, all values except water absorption and dimensional stability were
obtained within limits.

 #!$# 

Rockwool is a non-metallic, inorganic product
manufactured using volcanic rock, typically basalt,
dolomite and coke. It is generally used as a fire-resistant, water-repellent heat and sound insulation
material. The manufacturing process starts the melting of dolomite basalt and coal as fiber in 1380-1500
° C and then it is transformed 97% natural fiber (Figure 1) [1-4].
When the chemical composition of the rockwool is considered, its typical composition contains
oxides such as SiO2, Al2O3, CaO, MgO, Na2O+K2O,
B2O3, P2O5 ve Fe2O3 according to the variety of inorganic raw materials used (Table 1). The remaining
2-3% organic content in the product as sold is generally a thermosetting resin binder (adhesive) and a little oil.
In order to ensure that the rockwool fibers are
adhered to each other, a mixture called ‟Binder” is
used. Generally, this binder mixture can be prepared
from chemicals such as phenol-formaldehyde resin,
silane, silicone and process oil [3, 4] it can also be
prepared using different chemicals such as anhydride, amine, reducing sugars. [7, 8].



4'&!"
Rockwool, basalt, phenol-formaldehyde resin, inorganic
binder
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!/+-=38780"35+7/8>953711/7=@3=278;1+73-!8-4@885"85/5 /=28.
for this resin analysis. For the analysis of finished
products, TA Instruments FOX 314 Thermal Conductivity Analyzer was used for thermal conductivity analysis and DVT FU50 D NN Pull-Press Analyzes was used for pull-press analysis.
Improvements in the existing casting resin were
carried out as follows;
•
Firstly, in order to obtain properties
such as viscosity, density and gelling time, which are
similar to phenol formaldehyde resin, solvent rates
were changed in inorganic casting resin.
•
In the second trial; we aimed at expanding of intermolecular voids in inorganic resin to
prevent product disintegration. For this aim, we
changed the amount of silicate found in inorganic
resin structure.
•
In the last trial, we added water-repellent agents to the resin to achieve the appropriate
rockwool water retention value.

/7/;+5 !8-4@885 ;8.>-=387 ;8-/.>;/
Rockwool is obtained by melting the inorganic basalt, dolomite stone and coke at 1350 -1500 ° C in the
cupola. The melting mixture turns into rockwool fiber in spinning discs. At this time, the resin (Phenolformaldehyde binding mixture) is sprayed into the
system to allow the rockwool fibers to stick together.
The resinous rockwool fibers are sent to a curing
oven to cook and take the final product shape. Curing
process is done at 230-270° C. The finished products
of the curing process are transferred to the packing
section by conveyor belts.
Scope of work; The production of rockwool
boards had be started in accordance with the general
rockwool production procedure. Also, some parameters were changed with the first product received
during production. For example, due to rapid surface
cooking, the temperature of the oven was reduced
from 230-270° C to 180-200 ° C in Curing process.
In the same way, the amount of binding dosing was
halved.

# 
87-/7=;+=387/;-/7=+1/<8078;1+73-A3./<
37!8-4@885"=;>-=>;/) *
Oxides
SiO2
Al2O3
CaO
MgO
Na2O+K2O
B2O3
P2O5
Fe2O3
Other Oxides

Percentage Range
%35-70
%0-27
%4-20
%0-6
%0-20
%0-10
%0-5
%0-15
%0-5

Binding of the phenol-formaldehyde resin,
known as the organic polymer, to the inorganic rockwool fibers is achieved by the so-called silane binding agent. Silane coupling agent is bonded to inorganic rockwool fibers by ‟sol-gel" method to help
phenol-formaldehyde resin perform its function on
rockwool [9-15]. Sol-gel method is useful in the development of inorganic binding systems (Figure 2)
[16-19].
In this study, based on the use of sodium silicate and its derivatives as industrial binders [20, 21],
we tried to produce environmentally friendly rockwool insulation material with high thermal resistance, odorless and high strength with inorganic
resin. All results of rockwool trial produced with inorganic resin were compared with the results of rockwool produced with phenol-formaldehyde resin.


#!"  #"
Within the scope of the study, inorganic resin
improvements were carried out in a company in Turkey and also rockwool industrial applications were
carried out in a rockwool plant in Turkey. The comparative results of chemical analysis of phenol formaldehyde resin and improved inorganic resin are
given in (Table 2) and the images are shown in (Figure 3). Also, Viscosity Brookfield 50 RPM (no: 61),
densimeter, FiveEasy Plus pH meter FP20 were used
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# 
2/7858;6+5./2B./!/<37+7.78;1+73-!/<37#;3+57+5B<3<!/<>5=<
7+5B<3<
99/+;+7-/

-

.8;

-

&+=/;#85/;+7-/
/7<3=B
9
"853.<
%3<-8<3=B
/55371#36/
"=+1/#36/
58@#36//=/;637+=387

(gr/ml, 20°C)
(20°C)
%
(cPs, 20°C)
(sn, 100°C)
(dk, 130°C)
Sn,20°C,FC4

2/7858;6+5./2B./
!/<37
Homogeneous
liquid
Light alcohol
smelling
Endless
1,175
8,83
48,00
15
58
5
12

78;1+73-
!/<37#;3+5
Homogeneous
liquid
Light alcohol
smelling
Endless
1.217
11.85
68
28
17
9
48

78;1+73-
!/<37#;3+5
Homogeneous
liquid
Light alcohol
smelling
Endless
1.180
10.20
48.20
15
30
7
16

78;1+73-
!/<37#;3+5
Homogeneous
liquid
Light alcohol
smelling
Endless
1.180
9.33
50.1
14
22
5.45
20


$! 
6+1/8078;1+73-!/<37
# 
7.><=;3+5#;3+5!8-4@8857+5B<3<!/<>5=<
!8-4@8857+5B<3<
Vertical Tensile Strength for
Surfaces
Visible Density Determination
Compressive Strength Testing
Water Absorption
Determination
Determination of Thermal
Conductivity
Thermal Resistance
Determination
Dimensional Stability

7+5B<3<
6/=28.

;8.>-=!/<>5=<
2/7858;6+5./2B./
!/<37

;8.>-=!/<>5=<
 78;1+73-
!/<37#;3+5

TS EN 1607

5,1 kg/m3

1,1 kg/m3

2,8 kg/m3

TS EN 826
TS EN 12087
TS EN 1609

125,50 kg/m3
30 kPa

124,25 kg/m3
44 kPa

126,50 kg/m3
37,9 kPa

0,13%

29,82%

10,78%

TS EN 12667

0,040

0,035

0,0358

-

1,25

1,43

1,40

TS EN 1604

Product thickness does not
change

Product thickness
changed 2 cm

Product thickness
changed 1 cm
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Rockwool board from the first trial production
were not analyzed because of product disintegration.
The other trial results are given in (Table 3) and the
images are shown in (Figure 4).


!"$#"

It had been observed that product disintegrations and water absorption values were high in rockwool boards taken in trial production and dimensional instabilities occur in products due to these. In
the face of the problems encountered, the necessary
literature studies were conducted and solutions were
searched for the problems. The products disintegration taken after the first trial were thought to consist
of Polyhedral oligomeric silsesquioxanes (POSS) reactions formed by silicate compounds. The structures of these oligomers formed by silicates were
given in (Figure 5).
Silicates are also known to form metal heterocycle silanol molecules by reacting with different
metals (Figure 6).


$!
!/+-=387<80<353-+=/<@3=26/=+5<)

335

 *

"!

 # 



    




$!
#2/$7<=+,5/"=;>-=>;/<80>;/(3;-873+
oxide was added instead of zirconium silicates in inorganic resin.


 $" 

After the researches, covalent silicon silicate
compounds were added to the resin instead of ionic
sodium silicate compounds in order to expand the
gap between inorganic resin and inorganic rockwool
molecules. The analysis results of the inorganic resin
obtained as a result of the changes were given in (Table 2); 2. Inorganic Resin Trial. In the rockwool
board produced with the second resin mixture, there
was no disintegration in the first stage, however, it
was observed that in the products were disintegration
one week later. Also, it had been observed that product disintegrations and water absorption values were
high in rockwool boards taken in trial production and
dimensional instabilities occur in products due to
these (Table 3; 1. Product Results). In this context,
literature researches have been carried out and it is
determined that these fractures are experienced because zirconium silicate is similar to zirconia. Unstable pure zirconia has three distinct crystallographic
structures depending on the temperature. While in
the monoclinic phase at room temperature; as the
heat increases, it passes into tetragonal and cubic
phases [2, 5, 13-22] (Figure 7). During this conversion, 3-5% increase in produce volume occur. Zirconia was in the tetragonal phase at the firing temperature; after cooling, it was transferred to monoclinic
phase during cooling. For this reason, after one
week, the product disintegrations occurred again.
Although the strength increases with compressive
stresses caused by this phase transformation, the
transformation from the tetragonal phase to the monoclinic phase should be controlled; otherwise the
volume increase causes fractures in the material [28,
29].
In the literatures had been saw that in order to
prevent similar problems, various metal oxides such
as calcium, magnesium, aluminum or cerium had
been added to [7, 13, 22, 29]. According to these
data, in the last experiment production, aluminum

As a result in this scope of trial, three inorganic
resin rockwool boards were produced at different
time. And the production of less costly rockwool was
made by using domestic products under the specified
conditions. Also, many properties of the products
obtained had achieved the targeted values. But, the
product disintegrations and high water absorption
values could not be prevented. The products produced in the scope of the work can be use in accordance with the demands of the companies using rockwool in product such as white goods production,
fireplace production, brake pad production.
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activity protection mechanism of plants treated with
solutions such as copper, and the oxidative stress of
wheat seedlings was also reduced to some extent
[6]. Nanoparticles can also alter soil bacterial communities, C60, MWCNT and rGO alter rice rhizosphere soil bacterial communities, which may provide some guidance for production practice [7].
However, the toxicology or environmental
hazards of nanoparticles still need to be studied.
Many studies have shown that nanoparticles have
various degrees of adverse effects plants and microorganisms. Metal oxide nanoparticles reduced
the nutritional quality of peanut [8]. Yuhui Ma et al.
also found that rare earth nanoparticles can inhibit
plant root elongation [9]. Notably, a rare earth nanoparticle,CeO2 has been reported can destroy
chloroplasts and vascular bundles of plants, make
chloroplasts swell and rupture, and break vascular
bundles [10]. However, the distribution of chloroplasts in C3 and C4 plants is different, and the reaction mechanism of photosynthesis is different. The
reactions of C3 and C4 plants to nanoparticles need
to be further studied. Nanomaterials can affect the
content of phytohormones [11], exposed to carbon
nanotube treatment, the phytohormone concentration of rice seedlings decreased significantly [12].
The special physical and chemical properties
of category-related nanoparticles may be related to
their effects on plants, and plant seeds (size/species)
or plant growth stage also play a role [11]. Some
studies have also shown that the toxicity of nanoparticles may be related to monocotyledons and
dicotyledons. To explore the effects of some of the
above factors, we choose fullerenes (C60), copper
oxide (CuO) and cerium dioxide (CeO2) nanoparticles, and baby bok choy, cucumber, green bean,
corn, and rice were selected as the experimental
plants.


#!"  #"

6+5'6'8/43 4, '345'68/)1+7 "975+37/43
Three kinds of nanoparticles with certain quality
were weighed by analytical balance. Distilled water
was added and dispersed by ultrasound for 15-20
minutes. The nanoparticles were disposed into 100

"#!#
With the purpose of figure out the effects of
fullerenes (C60), copper oxide (CuO) and cerium
dioxide (CeO2) nanoparticles has been investigated
on germination and seedling growth of baby bok
choy, cucumber, green bean, corn, and rice. The
effects of different nanomaterials on seed germination and plant physiology were explored by measuring plant physiological and biochemical indexes
such as seedling morphology, plant height, root
growth, fresh weight, and enzyme activity. The
results revealed that the seed coat can protect the
plant from the effects of nanoparticles at the early
stage of germination to a certain extent. The same
nanoparticle can have different impacts on the
growth of the roots and shoots of the same plant.
The growth of roots in green bean was inhibited by
46% and the growth of shoot was promoted by 19%
under the action of Cu0 NPs. In the experiment,
cucumber had a special sensitivity to CeO2 NPs. C60
has little effect on various parameters.


4&%!"
Nanoparticles, Plant seeds, Germination, Physiological
effects

 #!$# 
Because nanoparticles have some special traits
in physics and chemistry, they are extensively used
in various fields such as medical hygiene, agriculture, environmental protection and so on. In medical hygiene, nanoparticles can not only be used as
immunosensors, contrast agents, drug carriers, etc.,
but also remove cancer cells, drug-resistant bacteria
under certain conditions [1-3]. In agriculture and
environmental protection, recently, a study expose
that NPs can be use for the inhibition of Turnip
mosaic virus in tobacco plants [4]. In studying the
jointed toxicity of TiO2 NPs and CdCl2 to plants, it
was found that the toxicity of cadmium in rice
treated with TiO2 NPs and cadmium was significantly lower than that treated with cadmium alone
[5]. The addition of magnetic (Fe3O4) nanoparticles significantly reduced the growth inhibition and
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mg/L suspension.

"++*7The seeds of experimental plants (baby
bok choy, cucumber, corn, green bean, rice) were
bought from the CAAS. Among them, corn is a
monocotyledon recommended by EPA and cucumber is a dicotyledon approved by EPA.

1'38 91896+ '3* <5+6/2+38'1 #6+'8
2+38About 200 seeds per species are weighed and
placed in 5% concentration of hydrogen peroxide
solution for 15-20 minutes for disinfection, then
washed with distilled water, and then soaked in the
corresponding nanoparticles suspension for 2 hours.
Put filter paper into a certain number of Petri dishes, add the corresponding nanoparticle suspension 5
ml, select the same type of seeds of the same size,
and put 10 seeds in each Petri dish evenly, each
seed keeps a certain distance. Each nanoparticle
suspension was treated with three Petri dishes of
various plant seeds for repetition, and each plant
seed was treated with distilled water for three Petri
dishes as control. Sealed with fresh-keeping film
and protected from light, it was cultured in an intelligent artificial climate chamber (25±1°C). 5 ml
distilled water was added to the Petri dish every
two days to observe and record the germination.
Samples were harvested after 7 days of growth.
And they were stored at -80 °C for further analysis.

+8+62/3'8/43 4, 3>=2+ )8/:/8/+7 The
samples were ground to homogenate in liquid nitrogen conditions. Sample SOD activity test was
carried out with SOD assay kit produced by Nanjing Jiancheng Bioengineering Institute.

'8' 3'1=7/7 Each treatment was repeated
three times, and the results presented in figures are
the mean ± standard deviation (SD). Excel software
was used to calculate the average value, SPSS22.0
software was used for ANOVA, and LSD method
was used for significant analysis (P < 0.05). The
inhibition rates of shoots and roots (%) were calculated by the formulas below given by previous
research [13].

!"$#"

,,+)87 4, 57 43 465.414-= 4, 1'387In
the course of our research, we found that the effect
of NPs on seedlings is not only confined to specific
parameters such as root or shoot length, but also
reflected in the morphology of samples, especially
in roots’ morphology (Figure 1).
The most obvious phenomenon is mung bean
seeds treated with nano-copper oxide (CuO NPs).
The seedlings of this group grew more adventitious
roots on Hypocotyl and developed better than those
of other groups. Although this is common in legumes, nanoparticles undoubtedly facilitate this
process. In addition, the lateral root development of
this group was better than that of other groups. A
similar situation also appears in the corn seedlings,
many lateral roots were grown and the length of
lateral roots was longer than that of other corn
groups. On the one hand, it may be related to the
top advantage. On the other hand, as mentioned in
the introduction, nanoparticles can affect the structure of roots (destroy vascular bundles), which may
accelerate the occurrence of lateral roots.
The morphology of shoots is also different,
but not as obvious as that of roots. In the control
group, about a third of the maize seedlings had their
first leaf unfolded, but not in the other groups.
1'387 .=7/414-= !+75437+ 84 57 Under
the action of nanoparticles, the root length of seedlings is most affected among morphological parameters (Figure 2). Compared with the control group,
root length was significantly affected in almost all
the experimental groups. When exposed to Cu0
NPs, the root growth of the tested plants was most
significantly affected. Compared with the control
group, except baby bok choy, the root length of
other four plants revealed statistical differences, the
inhibition rate was more than 40%, and rice was the
most significant, the inhibition rate was more than
80%. In the experiment, most of the rice seeds
treated with Cu0 NPs grew only a short radicle, we
can hardly measure the length of their roots. Exposed to CeO2 NPs seed plants, cucumber root
growth was inhibited significantly by 35%. It is
noteworthy that in the corn CeO2 NPs group whose
root growth was also inhibited, the development of
lateral roots was significantly worse than that in the
corn Cu0 NPs group. Both nanoparticles inhibited
the elongation of corn roots, but their internal
mechanisms may be different. As for the C60, it
nearly have no effects.
Unlike roots, which are heavily affected, the
shoot length of plants were not significantly affected (Figure 2). Even the Cu0 NPs also had no significant effect on the growth of shoots. But when
exposed to CeO2 NPs, the shoots of cucumber was
significantly inhibited, it seems that cucumber is
particularly sensitive to CeO2 NPs. As for the C60,
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it still nearly have no effects except for the shoot
growth of green bean was promoted.
Except for cucumber, the biomass of several
other plants was hardly significantly affected (Fig-

ure 3). Similar to above, cucumber biomass was
significantly inhibited when exposed to CeO2 NPs
and Cu0 NPs.



$! 
"++*1/3-74,4636++3+'39)92(+6!/)+'3*'(=40.4=51'38793*+6
786+'82+387



$! 
!448'3*7.4481+3-8.74,7++*786+'*+*;/8.7+:+6'13'345'68/)1+7
The values were given as mean ± SD (standard deviation) of triplicate samples with 10 seeds each. Significant difference was
marked with a, b, c (p<0.05)
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The values were given as mean ± SD (standard deviation) of triplicate samples with 10 seeds each. Significant difference was
marked with a, b, c (p<0.05)
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The values were given as mean ± SD (standard deviation) of triplicate samples with 10 seeds each. Significant difference was
marked with a, b, c (p<0.05)


,,+)87 4, 57 43 1'387 3>=2+ ')8/:/8=
Figure 4 shows that SOD content in seedlings of
plants treated with several nanoparticles has
changed to a certain extent compared with the control group. Among them, Cu0 NPs had the most
significant effect, SOD activity in seedlings of baby
bok choy, cucumber, green bean and rice all increased significantly, but there was no notable
difference in corn group. The effect of CeO2 NPs
was similar to that of Cu0 NPs. When exposed to
C60, SOD activity in green bean seedlings increased
significantly, SOD activity in corn seedlings decreased significantly, while SOD activity in baby

bok choy, cucumber and rice seedlings did not
change significantly.
SOD is the most effective metalloenzymes in
cells. By catalyzing the conversion of highly toxic
reactive oxygen species to less toxic H2O2 and O2,
it makes an important impact in the antioxidant
defense system [11]. Previous studies have shown
that in Cu/Zn-SOD, the effect of Zn and Cu is different. Zn is only related to the molecular structure
of enzyme, while Cu is related to the catalytic activity. However, Zn NPs and ZnO NPs affected the
growth of some plants of Cruciferae, while centrifugal or filtered supernatants of Zn and ZnO had no
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from the limited dissolution of Cu0 NPs, but from
Cu0 NPs. And the plant toxicity caused by this
method is much greater than that caused by Cu2+
[19], which is very different from CeO2 NPs.
The effects of three nanoparticles on plant
seed germination were not significantly associated
with monocotyledons or dicotyledon. The effects of
nanoparticles on corn and rice, which belong to the
same monocotyledon Gramineae, also show no
similarity. The changes of SOD content in dicotyledon plants such as baby bok choy, cucumber and
green bean were similar under the action of CeO2
NPs and Cu0 NPs. In this experiment, baby bok
choy and rice were the two least affected plants,
followed by corn, green bean and cucumber were
the most serious. This may be related to the type of
seed coat. The harder seed coat may protect plants
from the effects of nanoparticles to some extent.
Nanoparticles can have various influences on the
growth of the same plant shoot and root. In this
experiment, the influences of NPs on the shoots and
roots of several plants did not show significant
consistency. When exposed to Cu0 NPs, the growth
of cucumber seedlings was inhibited in the root but
not significantly affected in the shoot. When exposed to Cu0 NPs, the growth of root of green bean
seedlings was inhibited, but the growth of shoot of
green bean seedlings was promoted. This may be
related to the absorption, transportation and transformation of Cu0 NPs in green beans. When Cu0
NPs were transported in corn, they can be transformed from Cu2+ to Cu+ [19]. López-Moreno ML
et al. also revealed that plant root elongation increased when plant germination rate was inhibited
[20]. Therefore, different nanoparticles may have
different absorption, transportation and transformation processes in plants due to their different
characteristics.
In this experiment, we have some limitations
in the selection of plant seeds. In the early design of
the experiment, we did not notice the possible influence of seed coat type on the experimental results. From the results of the experiment, the selective permeability of seed coat may affect the germination of plant seeds and the growth of early seedlings. In future experiments, more typical periods
should be selected to measure the samples treated in
the experiment. In addition, the absorption, transportation and transformation of nanomaterials in
plants should be studied more carefully in view of
the different phenomena affected by the aboveground and underground parts of plant seedlings.
At present, most studies revealed that the main
effect of NPs on plants is to induce oxidative stress,
but different signaling pathways may exist in different plant cells, different nanoparticles may have
different mechanisms for different signaling pathways. This may lead to different effects of different
nanoparticles on plants.


obvious effect on plant toxicity [14]. The physical
and chemical attributes of Zn and ZnO nanoparticles are different from those of conventional Zn and
ZnO, which may lead to this phenomenon. It is
noteworthy that in this experiment, SOD activity in
seedlings of several other plants, except maize,
increased under the action of Cu0 NPs compared
with the control group. On the one hand, it may be
that Cu0 NPs induces oxidative stress in plants, on
the other hand, it may also be related to copper
ions. The relationship between Cu and Zn nanoparticles and SOD activity should be further studied.


"$"" 
In this experiment, the effects of three nanoparticles on plants showed significant differences.
This is relevant to the characteristics of C60, CeO2
NPs and CuO NPs, the characteristics of plants, the
size of plant seeds and the absorption, transportation and transformation of nanoparticles.
C60 is almost insoluble in water, which may
lead to no obvious distinctness between C60 treatment group and control group in this experiment.
But in other experiment, 50mg/kg C60 had a significant effect on the growth of rice roots [7], which
may be caused by different soil and water culture
conditions, treatment time and plant growth stage.
The transport of CeO2 NPs in seedlings may be
accompanied by morphological transformation.
When treated with CeO2 NPs, Ce3+ existed in roots
and shoots of cucumber [15]. The longer the treatment time, the higher the relative content of Ce3+.
However, no Ce3+ was found when cucumber was
treated with CeO2 NPs for a short time or applied
on leaves. Ma et al. speculate that the biophysicalchemical interaction between root exudates and
nanoparticles at the interface between nanoparticles
and organisms is a necessary condition for the CeO2
NPs transformation in plants. The CeO2 NPs transformation in cucumber was also affected by phosphoric acid concentration [16]. Ce3+ was found in
both shoots and underground parts of Cucumber
Seedlings in high concentration P groups and low
concentration P groups, but the composition of Ce3+
was different. Zhang et al. studied the absorption of
CeO2 NPs by cucumbers under hydroponic conditions, and found that most of them still existed in
the form of CeO2 NPs in cucumbers, but a small
part converted to CePO4, while cerium carboxylate
existed in buds, which results were similar to those
of Yukui Rui et al. [16, 17]. And then they revealed
the release of Ce3+ was relevant to toxicity of CeO2
NPs [18]. The above results reveal that cucumber
has a special sensitivity to CeO2 NPs. When there is
100mg Cu0 NPs in one liter of water, the dissolution of Cu0 NPs releases about 0.11mg/L of Cu2+.
The comparative experiment of Cu2+ shows that:
The toxicity of Cu0 NPs does not come directly
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Under the same concentration of nanomaterials, there are some differences in the effects of
different plant seed roots growth. The influences of
distinct nanomaterials with the same concentration
on the growth of seed roots of the same plant species are not analogous, either. Nanoparticles can
have different effects on the growth of the same
plant shoot and root. And the harder seed coat may
protect plants from the effects of nanoparticles to
some extent in early time. The effects of three nanoparticles on plant seed germination were not
significantly associated with monocotyledons or
dicotyledon.
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tion is possibly due to the fact that hydrologic variables require a certain amount of preprocessing
(interpolation, derivation from satellite data), if no
freely available products (e.g. TRMM precipitation
patterns, MODIS evapotranspiration) are used.
Hydrologic models can provide spatially distributed
output variables at a high spatial resolution. Such
variables have proven their potential for land use
change prediction [15] and are, therefore, promising
for an integration into a land use model.
A variety of land use models exists, which
build on different approaches that can be classified
from spatial vs. non-spatial, dynamic vs. static,
agent-based vs. pixel-based, inductive vs. deductive, to global vs. regional [16]. These models are
used for different purposes, including empiricalstatistical, stochastic, optimization, process-based,
and integrated modeling approaches [17].
Land use mechanism and dynamic model of
northern qinling mountains based on groundwater
hydrological process is studied.


" !"!

!" "
Land use and hydrology are interdependent, so
that land use modeling could benefit from hydrologic modeling. This study aims to integrate spatial
predictions of hydrologic variables as provided by a
hydrologic model into a land use model for Northern Qinling Mountains in China. The benefits of
this integration are quantified by comparing predictions of a land use model that uses a basic set of
explanatory variables to a land use model that additionally uses the modeled hydrologic variables. Our
results indicate that the land use model that was
enhanced with hydrologic explanatory variables
outperformed the basic land use model.


%$ !
Land use, Hydrologic modelling, Mechanism, China

" #"
Integrated environmental modeling approaches are in need to analyze and solve increasingly
complex real-world problems [1, 2]. Particularly for
disciplines like land use science and hydrology,
which are interdependent and for which processes
act on similar scales, model integration, coupling or
close exchange seem indispensable. However, the
linkage between the two modeling communities is
surprisingly weak. On the one hand, land use information is an integral part of most hydrologic
models. Mostly, land use maps derived from satellite data [3, 4] or acquired from an agency [5] are
used as an input for hydrologic models. If at all,
outputs from land use models are used for hydrologic simulations of scenarios [6, 7]. Even though
land use models provide more accurate land use
scenarios in space and time, simple representations
of land use change are still implemented, e.g. by
changing one land use or a percentage of one land
use to another one [8, 9].
On the other hand, hydrology is less prominent in land use change models. Mostly, hydrology
is represented by the distance to water bodies [10,
11], sometimes precipitation patterns are used [12,
13], and rarely other proxies for water availability
[14] are employed as static variables. This limita-

A hydrologic model is developed for a China
catchment and simulated for 30 years (1990–2010)
using the Soil and Water Integrated Model
(SWIM). A separate land-use change model using
the SImulation of Terrestrial Environments (SITE)
framework is likewise developed, calibrated and
evaluated for the same catchment. Then, the two
models are functionally integrated through coupling
in a way that the output from the land-use change
model is used to update inputs of the hydrologic
model and vice-versa at a yearly time-step.


!#"!!#!!
Fig.1 and 2 show that the groundwater level in
the western, northern and eastern part of the study
area showed a downward trend, with a maximum
decrease of about 7.6 m; the groundwater level in
the southern part of the study area showed an upward trend with a maximum increase of about
5.3m.
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million cubic meters, indicating an increase in the
irrigated area of the study area. This may lead to an
increase in the amount of mining. On this basis, the
western, northern and eastern parts of the study area
are mainly grassland and wetland, and the water
area is significantly reduced. The area of cultivated
land in dry land is increased to the surrounding area
on the original basis, confirming the area of cultivated land. The increase of the mining volume led
to a significant decrease in the groundwater level.
In the southern part of the study area, the area of
saline-alkali land increased, the area of grassland
decreased, and the groundwater level showed a
significant upward trend. This was mainly due to
the similarity of groundwater salinity. The shallower, the larger the evaporation, the increase of the
area of saline-alkali land. It indicates that the land
use change caused by human activities affects the
change of groundwater level, and the groundwater
level is also the driving factor for the change of
land use type.

The basin runoff utilization area has a large
population density, urban concentration, and a high
degree of industrial and agricultural production
development. It is an important economic growth
point in Hexi region. With the growth of the basin
population and social and economic development,
the discharge of industrial wastewater and urban
domestic sewage is increasing. Urban drainage
equipment and sewage treatment equipment are
insufficient and backward, and a large amount of
waste water and harmful substances are directly or
indirectly discharged into rivers, causing surface
water quality pollution. The polluted surface water
sources leak into the pressureless water layer along
with the river “canals”. Or infiltrated from the rivers of polluted rivers that are related to groundwater
in hydrology.
As can be seen from Figure 3-6, the area of
groundwater irrigated and the amount of extraction
increased. By 2018, the area of groundwater irrigation increased by nearly 4.5 times, and the amount
of mining in the study area increased by nearly 150
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microorganisms in sewage makes the water quality
change greatly and the handling difficult [9]. At present, methods commonly used to treat livestock and
poultry aquaculture wastewater include physical and
chemical methods [10-13], biological methods [1417] and various combination processes [18-24]. The
biggest disadvantage of these treatment methods is
high cost and serious secondary pollution. The biodegradability of sewage treated by conventional
flocculation method is low. It is difficult to further
treat the sewage. The sludge sediment is increased,
usually accompanied by odor, which causes great
harm to the environment.
In this study, flocculating enzymatic method
was used to treat livestock and poultry aquaculture
wastewater. Flocculation can reduce COD, SS and
other indicators of the wastewater. Then, the biological enzymes were added to the wastewater after
flocculation treatment for further treatment. Without
secondary pollution, enzymes can improve the biodegradability of sewage, increase dissolved oxygen
concentration (DO) in sewage, regulate the pH value
of sewage to close to neutrality, and facilitate the
degradation of pollutants in subsequent biochemical
processes. At the same time, it can inhibit the growth
of green mold and black mold, eliminate the odor of
sewage and improve the decomposition pathway of
organic matter. This method has the advantages of
small area, simple operation and management, low
treatment cost, low sludge yield and easy cleaning
[25-28].

"#!#

With the increase in demand for livestock and
poultry products, the discharge of a large amount of
livestock and poultry aquaculture wastewater will
not only affect human health, but also pollute farmland and groundwater. The flocculation-bioenzyme
method was used to treat a certain dairy farm
wastewater. In the 250 mL water sample, 0.80 mL
PAC and 0.30 mL PAM were added in turn. The
wastewater was first agitated for 1 minute with 350
r/m and then slowly agitated for 30 seconds with 100
r/m stirrer. After standing for 20 minutes, the removal rate of COD and SS was 85.1% and 94.5%
respectively. Then adding 3 mL bio-enzymes could
significantly increase the DO concentration of
wastewater, adjust the pH of wastewater to near neutrality, and improve the biochemical performance of
wastewater.

'&! ":
Flocculation, Biological enzyme, Livestock and poultry
aquaculture wastewater

#! $#
The livestock and poultry manure pollution has
become the main source of agricultural non-point
source pollution [1, 2]. Livestock and poultry farming wastewater will not only cause eutrophication of
water bodies, but also affect aquatic organisms. The
odors emitted by them will also pollute the atmosphere and even threaten human health [3-7]. The
composition of livestock and poultry aquaculture
wastewater is complex, mainly including the discharge of urine from livestock and poultry, washing
water in pens, feeding troughs, floor cleaning, equipment cleaning, and a small amount of wastewater
generated during the production process of workers
[8]. The wastewater has high chemical oxygen demand (COD), ammonia nitrogen (NH3-N) and total
phosphorus (TP) content, low biodegradability, and
it is difficult to remove. The high content of suspended solids (SS) and the small solid particles made
the solid-liquid separation difficult. The pathogenic

#!" # "
=@-7&-(9)! <)9-7 8)@!-= The experimental water sample comes from the aquaculture
wastewater of a dairy farm. The sewage is blood red
and opaque with a foul smell.
(897:-(98)(,7-)/-(98=The beaker experiment was carried out in the laboratory. The main instrument was JJ-4A six-electric stirrer, water quality
rapid determinator, intelligent disintegrator.
The PAC and PFC are dissolved into a stock
solution with a mass concentration of 30%, and the
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PAM is dissolved into a stock solution having a mass
concentration of 1‰.

!"$#"  "$""
#-97-)9-(9-..-+9%.,&..-7-(9.!%++:!)(98
.%78&(/!-:8-=#-%@9&)!,%8)/-%.7-8-7;-
8%!:9&%(= Take 6 beakers, numbered 1, 2, 3, 4, 5, 6,
respectively. 250 mL water samples were taken in
beaker. No. 1 was blank control group without flocculant. No. 2 was added 0.2 mL PAC reserve solution, No. 3 was added 0.4 mL PAC reserve solution,
No. 4 was added 0.6 mL PAC reserve solution, No.
5 was added 0.8 mL PAC reserve solution, No. 6 was
added 1.0 mL PAC reserve solution. The experiment
group is different from flocculant dosage, and the
rest are in the same experiment conditions. The water sample was rapidly stirred at 300 r/m for 30 s, and
slowly stirred at 100 r/m for 1 min. After standing
for 20 min, the removal rates of COD and SS were
measured, and the results are shown in Figure 1. It
can be seen from Fig. 1 that the removal rate of COD
and SS increases with the increase of PAC dosage;
the removal rate increases rapidly with low dosage,
when the dosage is greater than 0.80 mL, the increase of the removal rate tends to be flat. Under low
dosage, the hydrolyzability of PAC is poor, the formation of flocs is less, and the sedimentation performance is also poor. After the dosage is increased, the
Al3+ produced by hydrolysis increases, and a large
amount of Al3+ fully exerts the electric neutralization

=@-7&-(9)!-9%,=The flocculant was selected from polyaluminum chloride (PAC), polyferric chloride (PFC) and anionic polyacrylamide
(PAM). With the removal rate of COD and SS as the
index, the effects of different flocculants on the optimal dosage and the compound treatment of livestock and poultry wastewater were compared, and
the best flocculant compounding method was selected to obtain the maximum removal rate of COD
and SS. After flocculation, the bio-enzymes produced by Zhishui Environmental Protection Company were added to the water sample. Taking DO
concentration as index, the optimum dosage of biological enzyme preparation was explored.
()!"9&+)! -9%,8= The measurement
method of COD is measured according to HJ 8282017, the measurement method of SS is measured
according to GB 11901-89, the measurement method
of DO is measured according to HJ 506-2009, and
the measurement method of pH is measured according to GB 6920-86.
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and sweeping net. The trapping action eventually
forms a precipitate of aluminum hydroxide, which is
beneficial to the formation of flocs. From the economical point of view, the optimal dosage of PAC
stock solution is 0.8 mL.

@9&)! ,%8)/- %.  7-8-7;- 8%!:9&%(=
Take seven beakers, numbered 1, 2, 3, 4, 5, 6 and 7,
respectively. 250 ml of water samples were taken in
beaker. No. 1 was blank control group without flocculant. No. 2 was added with 0.2 mL of PFC reserve
solution, No. 3 was added with 0.4 ml of PFC reserve
solution, No. 4 was added with 0.6 mL of PFC reserve solution, No. 5 was added with 0.8 mL of PFC
reserve solution, No. 6 was added with 1.0 mL of
PFC reserve solution, No. 7 was added with 1.2 mL
of PFC reserve solution. In addition to the different
dosage of flocculant, the other groups were carried
out under the same experimental conditions. After
adding flocculant, the water sample was stirred for
30 s at 300 r/m, then stirred at 100 r/m for 1 min at a
slow speed. After 20 minutes, the removal rates of
COD and SS were determined. The results are shown
in Figure 2. The addition of PFC causes various
forms of multinuclear complexes to form in the
wastewater, and the PFC dosage is increased. The
more polynuclear hydroxyl complexes formed by
OH-, the larger the positive complexes and the larger
surface areas of these complexes. It can neutralize
the negative charge in the sewage, reduce the position of the colloid, and promote the rapid flocculation and precipitation of pollutants in the sewage. It
can be seen from Figure 2 that with the increase of
the PFC dosage, the removal rate increases rapidly
and then stabilizes, and the optimal dosage of the
PFC stock solution is 0.6 mL.

@9&)! ,%8)/- %.  7-8-7;- 8%!:9&%(=
Take 7 beakers, numbered 1, 2, 3, 4, 5, 6, and 7, respectively. No. 1 was a blank control group without
flocculant. No. 2 was added 0.10 mL PAM reserve
solution, No. 3 was added 0.20 mL PAM reserve solution, No. 4 was added 0.30 mL PAM reserve solution, No. 5 was added 0.40 mL PAM reserve solution, No. 6 was added 0.50 mL PAM reserve solution, No. 7 was added 0.60 mL PAM reserve solution. Except for the different dosage of flocculant,
the rest were carried out under the same experimental conditions. After adding the flocculant, the
water sample was stirred for 30 seconds at 300 r/m,
and then stirred for 1 minute at 100 r/m at a slow
speed. The removal rates of COD and SS were determined after 20 minutes of static treatment. The results are shown in Figure 3. When PAM is added to
sewage, it breaks through the electrostatic repulsion
and electrostatic adsorption with negatively charged
colloidal particles. When the dosage of PAM is low,
PAM adsorbed on one particle surface may adsorb
on one or more other particles simultaneously, that
is to say, it can bridge the adsorption between particles. When the surface of CPAM is covered by particles, the flocculation effect of PAM reaches the
maximum value. As can be seen from Figure 3, when
the dosage of PAM is small, the removal rate increases rapidly. When the dosage increases to 0.30
mL, the alum flower is large and dense, and the removal rate is basically stable. PAM can neutralize
the charges of colloids and particles in wastewater,
which is conducive to the improvement of destabilization and flocculation. Considering the economic
factors, the optimum dosage of PAM reserve solution is 0.30 mL.
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and 0.30 mL PAM reserve solution were added to
No. 5, respectively. 0.60 mL PFC reserve solution
and 0.30 mL PAM reserve solution were carried out
under the same experimental conditions except for
the different dosage of flocculant. The water samples
were stirred for 30 seconds at 300 r/m and for 1 minute at 100 r/m, then placed for 20 minutes. The removal rates of COD and SS were determined respectively. The results are shown in Figure 4. After stationary, the flocs formed by No. 2 are relatively

#7-)9-(9-..-+9%.,&..-7-(9.!%++:!)(9+%;
@%:(,&(/=Take 5 beakers, numbered 1, 2, 3, 4, 5,
respectively. Take 250 mL test water sample in the
beaker, No. 1 was blank control group. No flocculant
was added to No. 2. 0.80 mL PAC reserve solution
and 0.60 mL PFC reserve solution were added to No.
2, 0.60 mL PFC reserve solution and 0.30 mL PAM
reserve solution were added to No. 3, 0.80 mL PAC
reserve solution and 0.30 mL PAM reserve solution
were added to No. 4, 0.80 mL PAC reserve solution
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loose and large, No. 3 is slightly dense and less, No.
4 and No. 5 are larger and dense, but No. 4 flocculant
dosage is larger and the cost is higher. From Figure
4, the removal rates of No. 4 and No. 5 are higher.
Considering the economic factors, the PAC and
PAM reserve fluids are added 0.80 mL and 0.30 mL
in turn.

stage, the concentration of pollutants in the sewage
decreases, flocs grow continuously, and the structure
becomes fluffy and unsound. If rapid stirring is still
used at this time, the flocs that have been formed will
be destroyed. Therefore, the best stirring speed is to
stir 350r/m quickly and then 100r/m slowly.
..-+9 %.&=&(/ 9&-= Take 5 beakers, numbered 1, 2, 3, 4, 5, respectively, and take 250 mL test
water sample into the beaker, add 0.80 mL of PAC
stock solution and 0.30mL of PAM stock solution in
turn respectively, the stirring speed is fast stirring
speed 350 r/m, slow stirring speed 100 r/m. No. 1 is
a blank control group and no stirring. No. 2 was rapidly stirring for 30 s and then slowly stirring for
1min. No. 3 was rapidly stirring for 30 s and then
slowly stirring for 30 s. No. 4 was rapidly stirring for
1 min and then slowly stirring for 30 s. No. 5 was
only rapidly stirring for 1 min. The mixture was
slowly stirring for 1 min, and the experiment was
carried out under the same experimental conditions
except for the stirring time. After standing for 20
min, the removal rates of COD and SS were measured respectively. The results are shown in Figure 6.
It can be seen from Figure 6 that the rapid removal
of COD and SS is the highest when stirring for 1 min
and slow stirring for 30 s. This is because the longer
the fast stirring time is, the better the mixing of sewage and flocculant is, and the formation of flocs can
be promoted. When the fast stirring time is the same,
the longer the slow stirring time is, the more unfavorable the combination of flocs will be, and even
the flocs will be destroyed, which will reduce the removal rate of COD and SS. Therefore, the best stirring time is 1 minute for rapidly stirring and 30 seconds for slowly stirring.

(.!:-(+-%.&=&(/+%(,&9&%(8=..-+9%.89&7;
7&(/8@--,=Take 5 beakers, numbered 1, 2, 3, 4, 5,
respectively. 250 mL test water samples were placed
in beaker, respectively. PAC and PAM reserve solution 0.80 mL and PAM reserve solution 0.30 mL
were added in turn, rapidly stirring for 30 seconds
and slowly stirring for 1 minute. No. 1 was the blank
control group, without stirring. No. 2 was rapidly
stirring 300 r/m, slowly stirring 100 r/m, No. 3 was
rapidly stirring 300 r/m, slowly stirring 150 r/m, No.
4 was rapidly stirring 350 r/m, slowly stirring 100
r/m, No. 5 was rapidly stirring 350 r/m, slowly stirring 150 r/m. After 20 minutes, the removal rates of
COD and SS were measured respectively. Except for
different stirring speed, the rest were carried out under the same experimental conditions. The results are
shown in Fig. 5. Fig. 5 shows that the removal rate
of COD and SS is the highest when stirring speed is
350r/m and slow speed is 100r/m. When the speed of
fast stirring is the same, the faster the slow stirring
speed is, the more disadvantageous the formation of
flocs is. The higher the speed of fast stirring is, the
better the mixing of sewage and flocculant is, the
better the preparation for the formation of subsequent flocs is, and the higher the removal rate is. The
concentration of pollutants in the sewage is higher in
the early stage and floc formation is faster. Under the
action of shear force of rapid stirring, flocculant collides with sewage particles to form flocs. In the later
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..-+9%.89)(,&(/9&-
..-+9%.7-899&-= Take 6 beakers, numbered
1, 2, 3, 4, 5, 6, respectively. Take 250 ml of test water
sample in a beaker, add 0.80 mL of PAC stock solution and 0.30 mL of PAM stock solution to them in
turn respectively. The stirring speed and time were
stirred at a rapid speed of 350 r/m for 30 s and then
at a slow speed of 100 r/m for 1 min. No. 1 was a
blank control group and no static standing. No. 2 was
allowed to stand for 10 min. No. 3 was allowed to
stand for 20 min. No. 4 was allowed to stand for 30
min. No. 5 was allowed to stand for 40 min. No. 6
was allowed to stand for 50 min. The experimental
groups were different in rest time. The rest of the experimental groups were carried out under the same
experimental conditions except for the different

static time. The removal rates of COD and SS were
measured, and the results are shown in Figure 7. It
can be seen from Figure 7 that after the completion
of the stirring, the removal rate of the flocculant for
SS and COD increases continuously with the increase of the standing time. When the standing time
exceeds 20 minutes, the removal rate tends to be stable. Considering the actual sewage treatment operation, the optimal benefit can be taken as the best resting time of 20 min.
..-+98 %. *&%!%/&+)! -(,"- @7-@)7)9&%(8=
@9&)! ,%8)/- %. *&%!%/&+)! -(,"- @7-@)7);
9&%(8= Take 6 beakers, numbered 1, 2, 3, 4, 5, 6, respectively. Take 250 mL flocculated water sample in
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the beaker. No. 1 was the blank control group. No. 2
was added with 1 mL biological enzyme preparation.
No. 3 was added with 2 mL biological enzyme preparation. No. 4 was added with 3 mL biological enzyme preparation. No. 5 was added with 4 mL biological enzyme preparation. No. 6 was added with 5
mL biological enzyme preparation. Except for the
different dosage of bio-enzymes, the rest were carried out under the same experimental conditions.
Since the biological enzyme preparation is a biological component and has a certain adaptation period,
it is necessary to place the water sample in an environment of 25 to 30 ° C for one week, and the results
are shown in Figure 8. From Figure 8, it can be seen
that the DO concentration in sewage increases with
the increase of the dosage of bio-enzymes. When the
dosage of bio-enzymes exceeds 3mL, the increase of
DO concentration tends to be stable. Considering the
economic factors, the optimal dosage of bio-enzymes can be taken as 3mL. 

..-+9 %. *&%!%/&+)! -(,"- @7-@)7)9&%( %(
8-<)/-@=Take 250 mL flocculated water sample
in the beaker, and 3 mL of the biological enzyme
preparation was added to measure the pH value of
the sewage within one week after the addition of the
biological enzyme preparation. The results are
shown in Figure 9. It can be seen that the pH of
wastewater increases slightly on the first day of adding biological enzymes, which is due to the weak alkalinity of biological enzymes themselves and their
adaptability to sewage. After the second day, biological enzymes begin to adapt to sewage slowly and
continue to play a role in sewage, which makes the
pH of wastewater decrease continuously. By the seventh day, the pH of wastewater is close to neutral.
Therefore, enzymatic agents can adjust the pH value
of wastewater from weak alkalinity to neutrality.
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$"
250 mL livestock and poultry wastewater samples were treated with 30% PAC, 30% PFC and 1
PAC. The optimal dosage of PAC, PFC and PAC
was 0.80 mL, 0.60 mL and 0.30 mL respectively.
Through the experiment of 0.80 mLPAC reserve solution, 0.60 mLPFC and 0.30 mLPAM reserve solution, it is concluded that 0.80 mL of PAC reserve solution and 0.30 mL of PAM reserve solution are the
best. Based on the above conclusions, adding 0.80
mL of PAC and 0.30 mL of PAM reserve solution to
treat aquaculture wastewater samples, the experiment shows that the flocculation effect is the best under the conditions of fast 350 r/m stirring for 1 minute, slow 100 r/m stirring for 30 seconds and standing time for 20 minutes. The removal rate of COD
and SS is 85.1% and 94.5%, respectively. Taking
250 mL of flocculated water sample and adding 3
mL of bio-enzymatic preparation can significantly
increase the DO concentration of wastewater, and
make the pH of weak alkaline wastewater close to
neutral gradually. The operation is simple, which is
beneficial to the subsequent biochemical process.
There is no secondary pollution in the use of biological enzymes, which reduces the odor produced by
wastewater and the harm to the environment.
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Perfluorinated compounds (PFCs), represented
by perfluorooctane sulfonate (PFOS), are a major
kind of new persistent organic pollutant, and also
one of the common pollutants in water environment.
At present, there is a lack of an overall and systematic evaluation of the PFOS toxicity on the entire
food chain in rivers. In this paper, Daphnia magna
Straus is selected as the representative of zooplankton, chlorella vulgaris is selected as the representative of phytoplankton, and zebrafish and carp are selected as the representatives of fish. The static microecological experimental method is used to have a
systematic study of the acute toxicity of PFOS on zooplankton, phytoplankton and fish. Results show
that PFOS has an obvious toxic effect on zooplankton, phytoplankton and fish. At certain concentration, PFOS can inhibit the growth of phytoplankton,
and exert a lethal effect on zooplankton and fish. The
toxic effect is in positive correlation with the concentration of PFOS. PFOS has an obvious toxic effect on fish, and also on the food of fish such as phytoplankton and zooplankton.

PFCs are a new kind of POPs (Persistent Organic Pollutants). Their production and application
began in 1940s and 1950s. Due to their oleophobic
and hydrophobic properties, PFCs have been widely
used in the industrial and civilian fields such as textile, paper making, fire foam and so on, so they are
truly a type of organic compounds with a wide range
of application. Most PFCs will transform into perfluorooctane sulfonate (PFOS) in the environment.
In recent ten years, PFOS has been successively discovered in various environmental media, making it a
hot target of environmental research. Many scholars
have studied the toxicity of PFOS on fish [1-3].
However, the toxicity of PFOS on the river ecosystem is systematic and three-dimensional. Hence, a
systematic study and evaluation should be taken in
all links of the river food chain, including the toxicity
of PFOS on phytoplankton, zooplankton and so on.
At present, there have been few such researches and
evaluations.
China is a big producer and consumer of PFOS.
Studies show that there is a high level of PFOS pollution in human bodies, and a certain level in water
body. However, only in recent years has the study on
PFOS toxicity come into people’s attention. Some
countries and regions, such as EU, US and Canada,
are actively making efforts to evaluate the damage of
PFOS to the environment and health. Researches by
Rubén Martínez et al. suggest that the toxicity of
PFOS on fish is complex, and targets at several endocrine behaviors. PFOS has certain impact on the
embryonic development of zebrafish. Studies prove
that PFOS can damage some lipids. For the zebrafish
exposed to PFOS, their natural immune gene expressions and anti-interference gene expressions are significantly reduced [4]. To evaluate the toxicity of
PFOS, some experts have given the following suggestions on future studies: (1) To actively study the
acute toxicity of PFOS on aquatic organisms, especially the toxicity of PFOS on fish and the main organisms in all links of the biologic chain in the water
environment. To investigate the direct damage of
PFOS to the river ecosystem. (2) To study the subacute toxicity of PFOS on aquatic organisms, and to
explore the specific toxic mechanism. (3) To study
the combined toxic effect of PFOS and other POPs
[5-7].
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PFOS does not break down easily, so its pollution to the environment and its damage to the ecosystem are severe and persistent. At present, there is
still no systematic study of the toxic effect of PFOS
on the river food chain [8-10]. In this research, experiments are made on the typical zooplankton, phytoplankton and fish in freshwater rivers to study the
toxicity of PFOS on them, which provides scientific
basis for the evaluation of ecological safety of PFOS.

96h, finally to work out the concentration of PFOS
that inhibits the growth of chlorella vulgaris (96h
EC50).

6 >8/925/6; 7+ ;1/ 2<;/ #7>222;? 7+
"76 8162506";9<:=Daphnia magna
Straus is a kind of small Cladocera, and also a kind
of aquatic organism of the Pulicidae. As the planktonic crustacea, it is widely distributed in Asia, Europe, North America and Africa. Mainly living in
natural waters, Daphnia magna Straus has a short
life, but multiplies quickly, thus making it easier to
be cultured in lab [11]. Therefore, Daphnia magna
Straus is chosen as the subject to study the toxicological effect of PFOS on Daphnia magna Straus,
thus to better explain and evaluate the polluting effect and behavior of PFOS in the ecological environment. Under the good lab culture conditions, Daphnia magna Straus is kept in a state of parthenogenesis, and is cultured for more than three generations.
Daphnia magna Straus larvae that are hatched out for
24h are used in the experiment.
At first, a pre-experiment is done. Based on the
result of pre-experiment, samples of six concentration gradients, including 0, 5.0,10.0, 20.0, 40.0, 80.0
and 160.0 mg.L-1, are provided in the 100ml beaker.
The method of static exposure is used, and the experiment is done by following the
  
          
        GB/T13266-91,
in order to study the acute toxic effect of PFOS on
Daphnia magna Straus. The Karber method is used
to get the LC50 of Daphnia magna Straus at 24h, 48h
and 72h.
For the reason that fish is large in size and is
easily acquired, it is usually taken as the model organism [12-14] to measure the pollutant toxicity in
the water environment. The acute toxicity of PFOS
on fish is much lower than that of pesticides. After
making acute toxicity tests on the carps weighing
500g, 100g, 50g, 10g, 5g and 2g, the research team,
as needed, finally chooses the carps, (4.5±0.5) cm
long and weighing (2.08±1.10) g, as the subjects. In
the same way, the zebrafish, (3.7±0.6) cm long and
weighing (0.41±0.52) g, is chosen as the subject. 12d
later, the sturdy ones are chosen as the tested

#!" # "

1/5224 !/0/6;: 6  ;/924:= PFOS
standard solution (100.3% pure, Sigma Aldrich), and
dimethylsulfoxide (DMSO, Dimethyl sulfoxide-d6
99.5 %, Sigma Aldrich). Both the carps and
zebrafish are cultivated by Heilongjiang Fisheries
Research Institute. The carps are (4.5±0.5) cm long,
and weigh (2.08±1.10) g. The zebrafish are (3.7±0.6)
cm long, and weigh (0.41±0.52) g. The Daphnia
magna Straus, being the 62D.M biological strain,
comes from National Institute of Environmental
Health, China CDC. The chlorella vulgaris is bought
from the algae bank of Wuhan Institute of Hydrobiology, CAS.

>8/925/6;= 6 >8/925/6; 7+ ;1/ 2<;/
#7>222;?7+"761479/44%<4092:=At first,
a pre-experiment is done. The method of linear interpolation is used to work out the range (96h-EC50)
of the 96h median effect concentration at which
PFOS inhibits the freshwater chlorella. Based on the
result of pre-experiment, the lethal concentration and
the nonlethal concentration of pollutant to the chlorella vulgaris are obtained. The experiment lasts for
96h. The chlorella that is in appropriate growth is inoculated in the 150mL conical flask. Seven concentration gradients are provided, including 0, 50.0,
100.0, 150.0, 200.0, 250.0 and 300.0 mg.L-1. Three
parallel samples are provided at each concentration
gradient. The samples are under artificial culture
(culture temperature: 24±1°C, illumination intensity:
4000Lux, and the light and darkness ratio: 12h: 12h).
The blood counting chamber is used to count the
growth of chlorella vulgaris at 24h, 48h, 72h and



#
>8/925/6;4!/:<4;7+;1/2<;/#7>222;?7+"761479/44%<4092:50=;
24h
48h
72h
96h
EC50
353.7
186.3
113.6
76.41
95% confidence interval
297.6~413.3
159.8~203.6
99.7~121.9
68.9~75.8

# 
>8/925/6;4!/:<4;7+;1/2<;/#7>222;?7+"76 8162506";9<:50
24h
48h
72h
96h
LC50
156.67
116.52
71.33
52.69
95% confidence interval
132.21~179.03
99.32~145.01
65.32~77.21
46.39~56.24
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# 
#1// 26/;14762/6;9;276 7+";76/19+2:1$6 /9 2++/9/6;>87:<9/ <9;276:
50=;
PFOS
95% confidence interval

24h
26.1
21.3~29.4

48h
9.08
6.98~11.2

72h
3.91
3.02~4.53

96h
2.58
2.23~2.96

# 
#1// 26/;14762/6;9;276 7+";798$6 /9 2++/9/6;>87:<9/ <9;276:
50=;
PFOS
95% confidence interval

24h
85.3
75.6~94.7

48h
32.7
27.3~38.6

materials. During the experiment, the water temperature is kept at 22°C, dissolved oxygen ≥5mg/L, and
pH at 7.0 around. The acute toxicity test data is
shown in Table 3 and 4.
Based on the result of pre-experiment, six concentration gradients, including 0, 5.0, 10.015.0,
20.0 and 30.0 mg.L-1, are provided in the zebrafish
aquarium, while seven concentration gradients, including 0, 10.0, 20.0, 40.0, 60.0, 80.0 and 100.0
mg.L-1, are provided in the carp aquarium. The experimental results are shown in Table 3 and 4.

72h
13.9
11.3~16.1

96h
8.41
6.72~9.23

#7>222;?7+"762:1=Fish shows a better
tolerance to pollutants than zooplankton does [1214]. At the 95% confidence interval, the 96h median
lethal concentrations of PFOS to zebrafish and carp
are 2.58 and 8.41 mg.L-1 respectively. The toxicity
of PFOS on fish is far smaller than that of other pollutants such as pesticide [15]. Algae, Daphnia magna
Straus and fish, the aquatic organisms at three different nutritional levels, are the universally accepted
subjects for standard toxicity tests. Researchers have
successively discovered the correlation between pollutants on phytoplankton, zooplankton and fish,
which is consistent with the feature of most pollutants that they pass along the food chain and have an
amplification effect. Therefore, it is suggested that
the water pollution researchers should establish a set
of three-dimensional evaluation model for phytoplankton, zooplankton and fish, in order to evaluate
the eco-toxicological effect of pollutants more scientifically and systematically [16-18].


!"$#"  "$""

#7>222;? 7+"761?;78463;76= At the
95% confidence interval, EC50, the median effect
concentration of PFOS to chlorella vulgaris, is 76.41
mg.L-1. Its toxicity is mainly reflected in delaying the
growth of algae. Phytoplankton, an important link in
the river food chain, is the food of most fish. Once
toxicants poison the phytoplankton in waters, the
population of phytoplankton would shrink, or the
population structure would change, both of which
will exert influence on the food chain of fish, and finally the fish. Algae serve as the foundation in the
entire ecosystem for material cycling and energy
flow. Their growth and metabolism are directly affected by external pollutants, which will further affect the normal growth and physiological process of
primary consumers and advanced consumers.

& #"
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#7>222;? 7+ " 76 6778463;76= At the
95% confidence interval, LC50, the median effect
concentration of PFOS to Daphnia magna Straus, is
52.69 mg.L-1. Many experiments show that Daphnia
magna Straus is very sensitive to toxicants. Hence,
studying the toxic effect of water pollutants on the
Daphnia magna Straus can forecast the potential
damages which may be caused by its toxicity to the
advanced organisms of the food chain [11].
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ronmental cost to obtain identical economic gains.
This issue becomes particularly interesting
when it comes to China due to the country's overwhelming and rapidly increasing trade volume, as
well as its serious environmental problems [12-15].
Since 2009, China has become the world's largest
exporter and second largest importer. In 2014, China’s merchandise export volumes accounted for
10% of the world trade volumes and 22.3% of China's gross domestic product (GDP). At the same
time, China is also the world's largest emitter of
anthropogenic air pollutants and faces great pressure to reduce its emissions [16,17]. Therefore, it is
important to explore the environmental impact of
international trade for China.

!" "
This paper studies the pollution transfer from
the perspective of industry mobility, and studied the
transfer by using data from 2003 to 2018 and Porter
hypothesis is used to studied the pollution transfer.
The results find that the weakly mobile pollution
industries have not shown the “Pollution Heaven”
effect. This study can provide a new perspective for
explaining the current pollution industry transfer
and help for more precise and reasonable environmental policies.


%$ !:
Pollution Transfer, International Trade, Study, Pollution
Heaven
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*).&6.2102)*/2+.1)7564:02'./.6:(-&4;
&(6*4.56.(= In order to investigate the differential
behavior of the pollution-intensive industry and its
impact on industry transfer under the environmental
regulations, this paper divides the samples into two
groups, strongly mobile pollution industries and
weakly mobile pollution industries. Mediation
model can provide a mechanism test to explain the
explanatory variables how to affect the explained
variables, and get more impressive results in comparison with simple causal inference, so that scholars pay more attention. As shown in Fig. 1, the
thought of mediation model is that if the effect of
ER on Y will be completely or partially acted by a
variable R&D, then the variable R&D is the medium between the independent and the dependent
variables, that is, the intermediary variable.

International trade causes a geographic separation of consumers and producers, creating a mechanism for consumers to shift environmental emissions associated with their consumption to distant
lands. This issue has driven substantial research on
the environmental sequences of international trade
at both the global and national levels [1-4]. In principle, the exporters receive value-added as a proxy
for wealth and jobs created in the export productions but at the cost of more emissions, including
both greenhouse gases and pollutants [5-7]. This
poses the following questions: How large is the
environmental cost relative to the economic gains
one country obtains from the international trade?
What is it compared with that of its trade partners?
A newly proposed indicator by Grether and Mathys
[8], which is the revised pollution terms of trade
(PTT) indicator, provides a good measure on this
issue. PTT indicator represents the ratio of the average pollution content per dollar of value-added in
exports divided by the average pollution content per
dollar of value-added in imports. It captures the
environmental cost (measured by emissions) of one
country relative to its trade partners to obtain the
same economic gains (measured by value-added)
from exports by sorting out the complexities of the
whole global production chain [9-11]. An increase
in PTT suggests that the country pays more envi-

!#"!  !#!!
For Fig.2 and 3, for the strongly mobile pollution industries, the relationship between unit labor
cost and pollution industry transfer is “U” type, that
is to say, the area where unit labor cost rises will
eventually lead to the transfer-in of pollution industries. But the weakly mobile pollution industries
shows the inverted “U” type relation, that is, the
area where the unit labor cost rises will eventually
lead to the transfer-out of the pollution industries.
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The possible explanation is that industries with
strong mobility prefer to be located in areas with
high market potential. Areas with high market po-

tential have higher wage levels, so that highly mobile pollution industries will eventually move to
areas with higher unit labor costs.
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try transfer out. The direct effect of environmental
regulations in weakly mobile pollution industries is
significantly positive, so it does not have “Pollution
Heaven” effect, but the mediating effect of “Innovation Compensation” is significant. The total effect of environmental regulations on the transfer of
weakly mobile pollution industries is significantly
positive which suggests that the strict environmental regulations will not lead to the decline of regional proportion of weakly mobile pollution industries output but will promote the ratio increasing by
innovation, showing as the comprehensive performance of transfer in.

Based on the above empirical results, we can
find that the direct effect of environmental regulations in strongly mobile pollution industries is “Pollution Heaven” effect, but the mediating effect of
“Innovation Compensation” is not obvious (Fig.4
and 5). The results show that there is a significant
negative total effect of environmental regulations
on the transfer of strongly mobile pollution industries which indicates that the ratio of strongly mobile pollution industries output decrease with environmental regulations strengthening and concentrate in the areas where environmental regulations
is lax, showing as strongly mobile pollution indus-
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The industry mobility at the regional level has
formed the regional industry mobility. How will
this feature affect the transfer of pollution industries? Answering this question will help the government formulate local environmental policies that
are more in line with the actual situation in the
region. This paper constructs the indicator of regional pollution industries mobility by the ratio of
proportion of strongly mobile pollution industries
output to all the local pollution industries. The
higher the proportion of strongly mobile industry is,
the stronger the regional pollution industries mobility is. In this paper, we add environmental regulations, industrial R&D expenditures and the regional pollution industries mobility to the benchmark model (Fig.6 and 7).
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#!!
Based on industry mobility, this paper studies
the pollution transfer in the International Trade and
deeply analyzes the inherent mechanism affects
pollution transfer condition on industry mobility, as
well as we use the mediation model to make an
empirical test which expands the theoretical and
empirical existing researches. (1) Pollution industries with different industry mobility are different in
response to environmental regulations, which leads
to different transfer mechanisms of pollution industries: strongly mobile pollution industries tend to
transfer directly to areas with lax control, it has
“Pollution Haven” effect; weakly mobile pollution
industries tends to increase R&D investment to
meet environmental requirements under environmental regulations, having “Innovation Compensation” effect. (2) Based on the pollution industry
mobility, the empirical results show that environmental regulations is still the most handy policy to
influence the transfer of pollution industries at this
stage, and the stronger the regional mobility is, the
more obvious the “Pollution Haven” effect is.
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Moreover, spinel Li4Ti5O12 has considered as
a promising candidate for high power Li-ion batteries due to its rapid Li+ diffusivity, remarkable structural stability and excellent safety [16]. However,
Li4Ti5O12 batteries has yet to be widely commercialized on the account of unsolved issues that
remains despite many years of research. As we all
know,
the
poor
electronic
conductivity
(10−13 S cm−1) and the low Li+ diffusion coefficient
(10−9–10−13 cm2 S−1) make it suffer from the problem of poor rate performance. Besides its theoretical capacity is 175 mAh g−1 is much lower than
customized carbon anode materials (372 mAh g−1).
Effective approaches have been used to ameliorate
the above-mentioned problems as following: (1)
lattice ion doping of Li4Ti5O12. (2) nanostructureLi4Ti5O12. (3) surface modification of Li4Ti5O12
[17]. Considerable efforts have been put to facilitate
the three methods. For instance, Zn4+, Ca2+, Mg2+,
Co3+, Fe3+, Al3+, Cu2+, Cr3+, V5+, Mn4+, F−, Br−
[18,19]. etc. in Li, Ti or O sites has been investigated extensively. What’s more, the nanospherical
Li4Ti5O12, the nanotubeLi4Ti5O12 and the nanofibers
Li4Ti5O12 also have been vastly reported [20]. Although these methods improve the performance of
Li4Ti5O12 materials, the complexity of production
process hinder its applications. Solid-state method
has been realized in industry at present for its simple operation and low production cost. However,
the conventional solid-state method would easily
cause aggregation of the Li4Ti5O12 particles at the
expense of losing the material’s nanostructure [21].
To tackle the problems, rational and robust productive technology need to be developed.


     

 


Electric vehicle, as the most promising innovative solution for energy transition, has gained
high priority globally. This paper investigated the
synthesis and performance of LiMn2O4 and
Li4Ti5O12 further fabricates and preparation the ACLiMn2O4-Li4Ti5O12 lithium ion battery system and
its electrochemical performance is tested. The results show that the soft package cell is prepared by
LiMn2O4 as cathode and Li4Ti5O12 as anode. The
results show that the discharge capacities of the
initial and after 50 cycles are 11.50 and 11.36 Ah,
respectively, with a capacity retention rate of
98.8%.


)  
Li-ion battery, LiMn2O4, Li4Ti5O12, capacity retention
rate

    

Spinet structure Li-Mn-O compounds are most
promising as lithium insertion electrode materials
for rechargeable lithium batteries [1-5]. They are
being developed because of the following advantages: (i) a lower overall electrode cost compared with LiNiO2 or LiCoO2 [6-10]; (ii) a high cell
voltage; (iii) a long cycle life, and (iv) non-toxicity.
Goodenough and co-workers [11, 12] observed the
reversible intercalation of lithium ions in the spine)
structure LiMn2O4 and showed the existence of two
reversible intercalation plateaus at 4.1 and 3.0 V
versus Li/Li+. Tarascon and co-workers [13-15]
conducted many investigations on the preparation
of the spinet LiMn2O4, as well as on the
charge/discharge behaviour of cells that employed
this material. Despite a considerable number of
studies on the electrochemical behaviour of
LiMn2O4, the compound is still receiving much
attention in efforts to improve its cycle life. On the
other hand, there have been fewer studies on the
properties of the interface between the LiMn2O4
electrode. Such work is important in order to understand the electrochemical behaviour of the spinet
LiMn2O4, material as a positive electrode.

Preparation of half-cell: the active material,
acetylene black conductive agent, polyvinylidene
fluoride (PVDF) was weighed according to the ratio
of 85:5:10, and a certain amount of N-methyl-2pyrrolidone was added and placed. The ball was
evenly ground in the agate tank, and then an electrode piece having an area of 1 cm2 was placed,
placed in a vacuum oven at 125°C for 12 h, and
taken out for weighing. After transfer into the glove
box, the prepared pole piece was used as the work-
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ing electrode, the bract was used as the negative
electrode, Celgard 2320 was used as the separator,
and 1 mol/L of LiPF6/EC+DMC (1:1 by volume)
was used as the electrolyte in the Braun glove box.
The button cell with the forming number CR2025
was assembled for the next electrochemical performance test. Different levels of pole pieces are produced in a similar process.
Preparation of flexible packaging battery:
LiMn2O4 positive electrode material and Li4Mn5O12
negative electrode material are respectively coated
on aluminum foil and copper foil current collector,
and positive and negative electrode sheets are prepared through rolling, tableting, punching and the
like; then the positive and negative electrodes are
alternately stacked. Put the tidy, the positive and
negative electrodes are separated by a diaphragm to
prepare the battery core; the prepared battery core is
ultrasonically welded to the ear; the battery core is
placed in the punched aluminum plastic film, after
the top seal and the side seal The mixture was
dried, and an electrolyte solution was injected
thereinto, and once sealed, and after being formed
into a gas, it was subjected to secondary sealing to
prepare a flexible packaged battery.

 

 

  

The addition of AC in the electrode causes the
discharge specific capacity to decrease to a different extent, while the monomer with both electrodes
combined with AC has a higher capacity than the
monomer with only the positive electrode composite (Fig.1 and 2). This is because the theoretical
specific capacity of the electrode decreases after
compound AC, but the two-pole composite AC can
improve the positive and negative polarity matching, so the discharge specific capacity is higher than
that of the positive composite sample only.
For Fig.3 and 4, as the AC content increases,
the improvement in rate performance is not significant. The analysis believes that this is because the
combination of less AC has little effect on the capacity of the battery capacitor unit, but the AC
content is less, the double layer effect is not good,
and it is not conducive to the construction of the
conductive network, so the monomer cannot be
effectively improved.
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We tested the long cycle performance at 5C
rate (Fig. 5 and 6), which shows that the discharge
capacities of the initial and after 50 cycles are 11.50


and 11.36 Ah, respectively, with the biggest capacity retention rate of 98.8%. The performance of full
cell indicates fully utilization of cathode and anode.
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This paper investigated the synthesis and performance of LiMn2O4 and Li4Ti5O12 further fabricates and preparation the AC-LiMn2O4-Li4Ti5O12
lithium ion battery system and its electrochemical
performance is tested. The results show that the soft
package cell is prepared by LiMn2O4 as cathode
and Li4Ti5O12 as anode. The results show that the
discharge capacities of the initial and after 50 cycles are 11.50 and 11.36 Ah, respectively, with a
capacity retention rate of 98.8%.
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carbonate rocks, that are interbedded with source
rocks and close to each other without large-scale or
long-distance migration [1, 2]. The favorable area of
tight oil in Chinese continental oil-bearing basins
can reach 100,000 km2, with geological resources of
8 to 10 billion tons. These regions have good exploration potential and have become an important alternative energy source to increase storage and production in various oil-bearing basins. Among these, the
Yanchang formation with tight oil in the Ordos basin
is the most typical selection [1, 3-5].
The comprehensive evaluation of tight oil using
conventional logging data is the core focus of tight
oil research, and the Archie formula is the primary
method to calculate oil saturation [6]. Raiga-Clemenceau (1977) analyzed and discussed the variation rules for the electrical parameters of rock from
the perspectives of temperature, pressure, and formation water salinity, and believed that the saturation index increased with the increased formation salinity [7]. Tight sandstone is usually characterized by
a patchy and small pore throat. Levrett (1941) and
Byrnes (2008) analyzed the conductive mechanism
of tight sandstone reservoirs using the capillary bundle model [8, 9]. For tight sandstone reservoirs, previous studies have suggested that the m and n values
have a greater impact on the accuracy of reservoir
saturation calculations [10-15]. The accuracy of
petroelectrical parameters directly determines the
ability to identify fluid types. Meanwhile, for tight
sandstone reservoirs, the heterogeneity of the pore
structure increases the complexity of this problem.
As the Ordos basin extension Chang 7 member
with a tight sandstone reservoir rock skeleton is not
conductive, the clay mineral content, which provides
additional conductivity, is very limited. Therefore,
the rock electricity parameters along with conventional log data and reservoir oil saturation of the
Archie formula can effectively reflect the oil content
in reservoirs. Taking the tight sandstone from the
Chang 7 member of the Yanchang formation in the
Longdong area of the Ordos basin as an example
(Fig. 1), the tight sandstone reservoir rock and the
electric parameters under different conditions of

"#!#
The effective stress of tight sandstone reservoirs increases due to the attenuation from the formation energy. The physical properties of reservoirs
change correspondingly, which then adjusts the electrical parameters. It is difficult to comprehensively
evaluate reservoirs because the electrical parameters
obtained from petro-electricity experiments at normal temperatures and pressures cannot accurately reflect the reservoir properties. A total of 45 tight sandstone samples were measured under the effective
covering pressure of 23 MPa, pore pressure of 15.6
MPa, and temperature of 60 °C. The following results are shown. (1) Under reservoir conditions, the
lithologic coefficient (a) increases, the formation cementation index (m) decreases, and the cementation
index (m) is 1.05~1.21 times higher under an effective reservoir stress (30 MPa) than under normal
pressures (5 MPa). The cementation index (m) at 80
°C is 0.94~0.98 times higher than that at 30 °C. (2)
Under reservoir conditions, the reservoir porosity
has a certain stress sensitivity, and lower porosities
cause more obvious stress sensitivities. The formation factor (F) increases to some extent and the
saturation index decreases significantly. (3) The
petroelectrical parameters are closely related to the
pore structure and pore size of the rocks as well as
the anti-compaction ability of rock particles.


4&!"
Ordos Basin, Yanchang formation, Chang 7 member,
Tight sandstone, Electrical parameters
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Since the beginning of the 21st century, the exploration and development of petroleum in China
has become increasingly difficult, causing the rate of
increase for oil production to slow. Tight oil is concentrated in rock sources in an adsorbed or free state,
or in reservoirs, such as tight sandstone and tight
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temperature and pressure are explored. Thus, the parameters that influence the rock electrical parameters
are analyzed to provide insights into the tight sandstone reservoir oiliness interpretation. This provides
a theoretical basis to evaluate the logging of tight
reservoirs.

Ordos basin is characterized by its complex lithology, with a sandstone thickness that is generally 5–
25 m. The sandstone is composed primarily of fine
and extremely fine sands with a small pore throat.
The main storage space is residual intergranular
pores, dissolution pores, and intercrystalline pores.
Currently, the Yanchang formation in the Ordos basin has approximately 1200 km2 of tight oil and there
is more than 10 demonstration areas for tight oil exploration and development. The maximum output of
a single well has reached 60 t/d, making it the most
promising area for tight oil development in China.


#!"  #"

"695/; 45 samples from 11 Wells were selected for the laboratory experiments (temperature of
25 °C and pressure of 1 MPa). The sample number,
well name, depth, porosity, and permeability are
shown in Table 1. The simulation conditions were an
effective cover pressure of 23 MPa, pore pressure of
15.6 MPa, temperature of 60 °C, formation water salinity of 50,000 mg/L, and formation water resistivity of 0.0768 Ω·m. In the experiments with a fixed
overburden pressure and variable temperature, the
effective covering pressure is 5 MPa, and the temperature is from 30–80 °C at 10°C increments. In the
core experiments with constant temperature and variable overburden pressure, the effective covering
pressure was from 5–30 MPa at 5 MPa increments
and the temperature was 25 °C. The core porosity
formation factors were measured at 60 °C, 23 MPa
effective covering pressure, and 15.6 MPa pore pressure. The primary experimental instruments were a
helium porosimeter, manual high-pressure pump,
core holder, helium bottle, and high-pressure pump
applied to the confining pressure in the Core Laboratory of the United States.
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The Ordos basin is one of the largest sedimentary basins in China with a total rectangular area of
approximately 37×104 km2 (Fig. 1). The Ordos basin
consists of the early Paleozoic, late Paleozoic epicontinental sea basin in the late carboniferous to the
late Triassic in the large, and the late Triassic craton
basin from the early cretaceous residual craton basin
as formed via superposition. In new oil generation
designs located in eastern and western China under
the action of an NS right lateral shear stress depend
on the final formation of the Ordos basin in today's
geological structure and the landscape. During the
evolution of the basin, two sets of source rocks were
formed in the middle and upper proterozoic carbonate rocks and the upper Paleozoic coal-bearing
strata, and two sets of oil-bearing shale systems were
formed in the upper Triassic Yanan formation and
the middle Jurassic yan 'an formation [16, 17]. The
prolongation formation of the late Triassic underwent the complete process of lake formation, development, and extinction. 
Based on the sedimentary cycle, the Triassic
yanchang formation is divided into 5 sections from
the bottom to the top as T3y1, T3y2, T3y3, T3y4, and
T3y5. The tight oil in the Yanchang formation of the

!"$#"

7+5=/72/ 8+ </69/:<=:/ 7  9:/;;=:/ 87
:824/5/2<:2259:6/</:;To simulate the water
saturation model under certain temperature and pressure conditions, experiments were conducted at high
temperature and pressure conditions to determine the
electrical properties of rock. The influences of the
temperature and pressure on the rock electrical parameters b and n were analyzed. The results show
that the temperature and pressure had a minimal effect on b, which had values distributed between 0.98
and 1.09 (average of 1.05) for the 45 samples. Figure
2A shows that when the temperature is <60 °C (>60
°C), n decreases gradually (rapidly), and Fig. 2B
shows that when the pressure is <20 MPa (>20
MPa), n increases slowly (rapidly).
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Well

Sample
name

Depth
(m)

Permeability
(mD)

A67
A81
A81
A81
A81
A92
A92
A92
A92
A92
A92
Y63
Y63
Y63
Y63
H212
M53
M53
M53
M53
M53
M53
Z230
Z230
Z230
Z230
Z230
Z230
Z230
Z230
Z233
Z233
Z233
Z233
Z233
Z233
Z233
Z233
Z233
L47
Z30
Z93
Z93
Z93

55
66
67
69
71
35
37
38
40
41
42
43
44
46
47
7
146
147
149
154
156
158
117
119
122
124
126
130
132
134
83
84
85
87
88
90
92
93
94
74
99
9
12
17

2169.00
2181.82
2180.99
2183.74
2185.02
2307.45
2297.12
2297.32
2298.82
2300.55
2303.94
2189.66
2190.80
2197.61
2211.99
2471.60
2233.04
2227.12
2235.87
2223.50
2224.08
2221.68
1699.13
1701.17
1705.89
1708.67
1713.67
1729.52
1742.91
1745.18
1720.37
1724.75
1725.59
1738.76
1757.16
1759.92
1764.76
1768.94
1769.00
1895.57
1833.80
1528.35
1510.58
1541.41

0.103
0.032
0.038
0.092
0.085
0.036
0.257
0.160
0.235
0.357
0.174
0.003
0.003
0.003
0.110
0.003
0.002
0.068
0.002
0.122
0.009
0.003
0.081
0.075
0.058
0.100
0.101
0.003
0.029
0.003
0.003
0.003
0.017
0.003
0.003
0.003
0.013
0.003
0.002
0.125
0.153
0.003
0.005
0.003

Helium
porosity
(%)
11.28
6.51
7.60
9.95
10.61
8.63
13.29
12.45
12.13
11.19
12.72
12.24
8.60
11.50
8.56
6.91
8.51
9.82
5.00
11.50
8.63
8.94
10.39
8.53
9.39
8.50
8.90
8.00
10.45
8.04
8.63
9.37
9.20
9.10
8.44
8.23
9.06
9.61
9.76
11.49
10.60
9.85
8.40
3.58

Water
porosity
(%)
10.75
6.74
7.22
9.86
10.11
8.29
13.08
12.02
11.66
10.17
12.19
12.19
8.42
11.90
8.70
6.35
7.58
10.09
5.03
10.67
8.53
8.87
8.93
8.00
9.23
8.39
8.70
8.11
10.31
8.38
7.33
9.14
9.03
8.48
7.85
7.96
8.69
8.49
8.53
10.11
10.08
9.27
7.98
3.70

Dry sample
density
(g/cm3)
2.35
2.45
2.43
2.36
2.37
2.42
2.29
2.33
2.33
2.35
2.31
2.31
2.41
2.31
2.41
2.48
2.44
2.35
2.53
2.34
2.41
2.40
2.39
2.41
2.38
2.38
2.37
2.40
2.35
2.41
2.46
2.39
2.39
2.42
2.42
2.43
2.41
2.40
2.40
2.37
2.36
2.38
2.41
2.55

Wet sample
density
(g/cm3)
2.46
2.52
2.51
2.46
2.47
2.51
2.43
2.45
2.45
2.45
2.44
2.43
2.49
2.44
2.49
2.54
2.52
2.46
2.58
2.45
2.50
2.49
2.48
2.49
2.47
2.47
2.46
2.48
2.46
2.49
2.53
2.49
2.48
2.50
2.50
2.51
2.50
2.49
2.49
2.47
2.46
2.47
2.50
2.59

Skeleton s
ample density
(g/cm3)
2.65
2.64
2.64
2.64
2.65
2.66
2.66
2.67
2.66
2.63
2.65
2.64
2.64
2.64
2.65
2.66
2.66
2.63
2.68
2.66
2.66
2.65
2.65
2.64
2.64
2.62
2.61
2.63
2.64
2.64
2.67
2.65
2.65
2.65
2.65
2.65
2.66
2.64
2.64
2.65
2.64
2.63
2.65
2.67
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In the Archie formula, when Φ = 100%, a = 1;
therefore, it is assumed that a=1 here. Figure 3A
shows that as the temperature increases, m decreases
slowly at first and then quickly. Figure 3B shows that
when the pressure is <25 MPa (>25 MPa), the m
value increases rapidly (slowly and tends to be
stable).

Under a constant pressure and variable temperature, there is a quadratic polynomial relationship
between the core cementation index (n) and the temperature.
   
where n is the saturation index under different
effective pressures; n0 is the saturation index under
the initial pressure; T is the temperature in °C; and e,
f, and d are fitting coefficients. The results of the data
fit indicate that the fitting coefficients all reached
0.947. This suggests that the quadratic relationship
between the saturation index and the effective stress
accurately reflects the variations in the relationship
between the effective pressure on the core and the
cementing index.
There is also a quadratic polynomial relationship between the core cementation index (n) and effective stress under constant temperature and pressure.
   

7+5=/72/8+98:/;<:=2<=:/87<1/;<=:<287
27 /@The NMR method was used to measure the
relaxation signals of the core at different relaxation
times based on the relaxation characteristics of hydrogen nuclei in the pore fluids of rocks. The signal
for the total core porosity, mobile porosity, and T2
spectrum were obtained using the method of spectrum resolution to analyze the pore structure of the
core [18-21]. A total of 150 samples were tested in
the experiments. The laboratory test parameters were
Te = 0.3 Μs, Tw = 6 s, and Ne =4096. Some of the
samples were completely saturated with saline
(50,000 mg/L). The T2 spectrum before centrifugation is shown in Fig. 4A, where the immovable
(moveable) peaks of sample Nos. 2 and 3 (4 and 5)
are greater than the amplitudes of the movable (immovable) peaks. The T2 spectrum after centrifugation is shown in Fig. 4B. The morphology of sample
Nos. 2 and 3 remain nearly unchanged, while the
movable peaks of sample Nos. 4 and 5 decrease to
some extent. This is primarily due to the complex
pore structure and high irreducible water saturation
of sample Nos. 2 and 3. Under conventional

where, n is the saturation index under different
effective pressures; n0 is the saturation index under
the initial pressure; Pe is the effective stress in MPa;
and e, f and d are fitting coefficients. The results of
the data fit indicate that the fitting coefficients all
reached 0.960. This suggests that the quadratic relationship between the saturation index and the effective stress can accurately reflect variations in the relationship between the core temperature and cementing index.
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displacement experiments, the distribution relationship between the water saturation and increased resistivity was obtained, as shown in Fig. 5. The saturation indices (n) of sample Nos. 1, 2, and 3 are all
greater than 2, while the saturation indices of sample
Nos. 4, 5, 6, and 7 are all less than 2.

"$"" "
The porosity, formation factors and saturation
index of the 42 samples were measured when the effective covering pressure was 23 MPa, pore pressure
was 15.6 MPa, and the temperature was 60 . The
experimental results show the following results. (1)
Under reservoir conditions, the porosity has a certain
stress sensitivity, and a lower porosity causes a more
obvious stress sensitivity. Moreover, the porosity
measured under normal temperatures and pressures
presents a linear trend with a correlation coefficient
that reaches 0.99 (Fig. 6A). (2) With an increased effective covering stress and temperature, the formation factors increase over a certain range and
show a quadratic relationship with the formation factors measured at normal temperatures and pressures.
The correlation coefficient reaches 0.88 (Fig. 6B).
(3) With an increased effective covering stress, temperature, and formation water salinity, the saturation
index decreases significantly (Fig. 6C).
The water-bearing saturation of well Z233 was
calculated using the petroelectricity parameters under reservoir conditions. Compared with the oil test
results (Fig. 7), it is seen that the interpretation results agree well with the oil test results. This indicates that accurate petroelectricity parameters under
reservoir conditions can improve the interpretation
accuracy of oil bearings in tight sandstone reservoirs.

$! 
!/5<287;129;1/<?//7<1/:/;2;<2>2<A27 /@7 
<1/?</:;<=:<287
The T2 spectrum was divided into small-scale
pores (0.3~10 ms), mesoscale pores (10~100 ms),
and large-scale pores (>100 ms) with boundaries of
10 and 100 ms. The statistical results of the T2 spectrum show that when small-scale pores have a content of >70%, then n >2. When large-scale pores are
>10%, then n<2. In general, the saturation index is
positively correlated with the small-scale pores.


$! 
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(80 °C) is 0.94~0.98 times of that at nominal temperatures (30 °C). Factors such as temperature, effective
stress, pore structure complexity, and heterogeneity
all determine that the range for the rock electrical parameters in the Archie equation logging interpretation model differ significantly. In the logging interpretation process, it is necessary to correct experimental parameters for the rock electricity as measured at normal temperatures and pressures.
The electrical properties of tight sandstone are
controlled by the fluid saturation, distribution state,
mineral composition, and other factors. As the saturated fluid properties remain unchanged, the electrical parameters of tight sandstone depend on the pore
structure characteristics and mineral types. For tight
sandstone, when the core is 100% saturated with water and the effective stress changes, variations in the
pore structure are the only factors that affect the core
resistance. Compared with conventional sandstone,
the resistivity of the tight core sandstone is affected
greatly by the effective stress. The water saturation
obtained using the electrical parameters of rocks under reservoir conditions is in good agreement with

The pore structure of tight sandstone and the
proportions of small-scale, mesoscale, and largescale pores significantly influence the saturation index. According to the T2 spectrum, the statistical results of the nuclear magnetic resonance experiment,
when the small-scale pore content is >70% gives n >
2, and when the large-scale pore content is >10%,
then n < 2. In general, the saturation index is positively correlated with the small-scale pores.
The cementation index and core index of tight
sandstone have quadratic relationships with both
temperature and pressure. The cementation index
(m) under an in-situ effective stress (30 MPa) is
1.05~1.21 times higher than that under normal pressures (20 MPa). This indicates that the characteristics of a patchy or curved throat for tight sandstone
under high effective stresses are more developed.
The effective stress not only changes the pore structure of tight sandstone reservoirs, but also changes
the electrical properties of the surrounding rocks.
The cementation index (m) at the in-situ temperature
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been reported in tomato ( ! $! L.)
in various parts of Turkey [4, 5]. The fungus is able
to invade the vascular bundles, it causes severe
wilting and death of above-ground parts of the
plants via blocking the xylem transport elements.
The vascular wilt pathogens are also able to produce resting structures that survive for long periods
of time in the absence of host plants [6]. The
Fusarium wilt pathogen is a soil-borne fungus and
is quite difficult to manage by chemical methods
currently, thus use of resistant varieties seems to be
the only alternative disease control method. It is
reported that three races of Fol (race 1, 2 and 3)
[7, 8].
Biological control strategies offer eco-friendly
and bio-safe alternative to traditional chemical
fungicides against this pathogen. Several studies
have shown that the bacterial strains were quite
effective for protecting tomato plants against Fol
infection [9, 10]. The rhizobacteria colonizing the
root system have various mechanisms such as hyperparasitism, antibiosis, and competition for space
and nutrients and induced systemic resistance [11].
For example, phytohormones trigger salicylic acid
(SA), jasmonic acid (JA) and ethylene (ET) signaling molecules playing significant roles in regulating
plant defense responses against various pathogens
including biotrophic and hemi-biotrophic pathogens. On the other hand, the combination of JA and
ET signaling activates resistance against necrotrophic pathogens that kill host cells for nutrition
and reproduction. SA synthesis is related with the
induction of pathogenesis-related (PR) proteins and
the establishment of systemic acquired resistance
(SAR), whereas JA is a key phytohormone in the
induced systemic resistance (ISR) caused by rhizosphere bacteria or plant growth-promoting rhizobacteria (PGPR) [12, 13, 14, 15]. A group of
PGPRs including !, ! and 
$ species were applied to seeds and soils
successfully as bio-fertilizers in dried powder formulations for a number of years [11]. PGPRs are
able to promote plant growth and they provide
protection against diseases by triggering the defense
mechanisms of the plants. Such mechanisms can
include cell wall lignification, expression of defense-related proteins including pathogenesis-

Plant growth-promoting rhizobacteria (PGPR)
include bacteria in the soil rhizosphere that promote
plant growth and development through a wide variety of mechanisms. In this study, potential effects
of three rhizobacteria ! !  (57-2), 
" (36-1) and  !$ (80-1)
isolated from tomato rhizosphere on induction of
resistance to !! #$! f. sp. $
(Fol) were examined through biochemical and
histological analyses. These PGPR isolates significantly reduced Fusarium wilt incidence up to 70%.
However, the combination of isolates was found
either less or not effective in suppressing the disease severity when compared to those of application by the individual isolates. The induction of
peroxidase (POX, EC 1.11.1.7) and catalase (CAT,
1.11.1.6) enzymes was found to be significantly
higher in treatment groups than in comparison with
the control group. Present biochemical study revealed that three ! spp. resulted in great
accumulation of proline and key defense enzymes
(POX and CAT).   ! studies also demonstrated
that hydrogen peroxide (H2O2) accumulation and
the callose deposition at reaction sites as a response
to the pathogen attack reached to maximum level,
24 h after pathogen inoculation. The present findings revealed that PGPR isolates could be effectively used for the biocontrol of Fol through enhancing
disease resistance responses of tomato plants.


*("$%
Callose, Defense enzymes, !! #$!, Hydrogen peroxide, PGPR, ! $!
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Fusarium wilt, caused by  #$! Schl.
f. sp. $ (Fol) (Sacc.) Snyder and Hansen,
is one of the most devastating and prevalent diseases occurring in tomato cultivated areas, causing
significant yield and economic losses in many
countries [1, 2, 3]. In recent years, crown and rootrot diseases caused by  #$! f. sp. $ Jarvis & Shoemaker (Forl) have also
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(vol/vol) glycerol [21]. The ! strains were
grown on KBM for 48 h, bacterial cells were then
collected through centrifuge at 8,000 g for 10 min,
suspended in MgSO4 (10 mmol·L-1) and adjusted to
108 cfu·mL-1 [22]. A highly virulent pathogenic
agent  #$! f. sp. $ (Fol) was
obtained from the culture collection of Biological
Control Research Station, Adana, Turkey. 

4<0,<0<>::;0<<498Tomato seedlings at sixleaf stage were inoculated with rhizobacteria strains
using the root-dip inoculation method. A week
later,  suspension containing 106 cfu·mL-1 was
inoculated with the standard root-dip inoculation
method [23]. The treatments (three rhizobacteria
strains, isolates 57-2, 80-1, and 36-1, and their
combinations (comb-I; 80-1+57-2, comb-II; 572+36-1 and comb-III; 80-1+36-1), and the control
treatment (no rhizobacteria) were evaluated at periodical intervals for 4 weeks after appearance of the
first disease symptoms (7th, 14th, 21st and 28th days).
Positive control plants were treated with sterile
distilled water instead of rhizobacteria suspension.
Inoculated plants were grown in the growth chamber conditions as described above. The experiment
was designed in a completely randomized fashion
with three replicates. Inoculation test was repeated
twice with the similar results. Disease symptoms
were assessed according to the scale of 0 to 4 then
disease severity percentage was calculated based on
the scale values, according to the TownsendHeuberger formula. The data were analyzed with
Levene’s homogeneity of variance test followed by
Tukey’s HSD test (P<0.01) of JMP software (JMP
v9.0, SAS Institute Inc., Carry, NC, USA). The area
under the disease progress curve (AUDPC) was
calculated for all treatments as well as Pearson
correlation coefficient between disease severity and
AUDPC values [23].

8/>.=498 91 /0108<0;06,=0/ 08CB70<
Leaves were carefully taken at different time intervals 0-, 6-, 24-, 48-, 72 h and 10-, 18-, 24 days after
pathogen inoculation (DAI) and then washed and
cut. Fresh leaf tissue (1 g) was immediately frozen
in liquid nitrogen and stored in a freezer at -80°C.
Tissue samples were homogenized in liquid nitrogen, suspended in liquid phosphate buffer (10 mL
of 50 mmol L-1, pH 7.0). Tissue homogenates were
then centrifuged at 12,000 g for 20 min at 4ºC. The
filtered supernatant used for determination of enzymatic activities. The homogenized leaf tissues
were stored in a freezer until analysis.

#;96480 .98=08= The content was measured
according to the modified protocol [24]. About 1 g
ground leaf sample was homogenized with sulfosalicylic acid and the mixture was centrifuged at
10,000 g for 10 min. The supernatant were mixed
with acid-ninhydrin solution and the reaction was

related proteins (PR) and production of antimicrobial seconder metabolites such as phytoalexins [10, 15, 16]. Functions of antimicrobial proteins
(e.g. chitinases and glucanases) in host defense and
immunity protect the plant health against stress
factors. ISR response is also associated with accumulation of reactive oxygen species (ROS), callose
deposition and papillae formation at the site of
fungal penetration [17, 18].
Although Fusarium wilt is one of the major
diseases of tomato in Turkey, very few studies have
been carried out so far about the biological control
of the disease through PGPR treatments. In our
preliminary screening study, rhizobacteria strains
showed antagonistic activity to Fusarium wilt of
tomato and produced some metabolites related to
plant growth promotion, including nitrogen fixation, phosphate solubilization, indole-3-acetic acid
production and siderophore production [19]. Therefore, in the present study, the three PGPR strains
(! spp.) were selected and evaluated in combined or individual forms to control Fusarium wilt
of tomato in pot experiments. Various responses
such as oxidative stress and defense-related enzymes including catalase (CAT, E.C. 1.11.1.6),
peroxidase (POX, E.C. 1.11.1.7) and polyphenol
oxidase (PPO, E.C. 1.14.18.1) enzyme activities
and various biochemical metabolites such as proline
were assessed to reveal and gain a better insight
into the control mechanisms.

&$%! &"%

#6,8= 7,=0;4,6 ,8/ 2;9@=3 .98/4=498< Tomato ( $! ! ! L. cv. H2274 susceptible to Fol) seeds were surface sterilized for 5
min in 1% (v/v) solution of sodium hypochlorite
(NaOCl) and sown in a soil mixture containing
sand, perlite, and peat compost (1:1:2) and kept in a
growth chamber (27°C, 80-90% RH, 12-h photoperiod, 60 Klux m-2).

,.=0;4,6 ,8/ 1>82,6 4<96,=0< Soil samples
were collected from commercial tomato greenhouses in the eastern part of the Mediterranean region of
Turkey. In our initial screening study, the rhizobacteria were isolated from tomato rhizosphere soil in
King’s B medium (KBM) (Merck, Darmstadt,
Germany) [19]. Rhizobacterial identification was
carried out through direct application method with
the aid a Bruker Daltonics MALDI Biotyper classification system [20]. Three rhizobacteria strains
selected for their high antagonistic activities (over
90% for three isolates) were used in this study.
They were identified as ! !  (57-2), 
!$ (80-1) and  " (36-1)
[19]. The combined effects of ! spp. were
also evaluated. All rhizobacteria strains were stored
in King’s B medium (KBM) at 80°C with 20%
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tissues were then transferred to absolute methanol,
and then saturated with chloral hydrate (2.5 g mL-1)
for 24 h. H2O2 was observed as dark brown pigmentation [27, 28].
The deposition of the callose was determined
with the aniline blue fluorescence method. The
leaves were transferred in a solution of phloroglucinol (1%) in methanol overnight at room temperature. Tissues were cleared in chloral hydrate, they
were then transferred to aniline blue reagent prepared in sodium phosphate buffer (1 M, pH 8.0).
The samples were mounted on slides with a few
drops of Hoyer’s solution and the slides were covered with a coverslip for the microscopic examination then autofluorescence of the callose in infected
tissue was detected at 350-450 nm. The cell-wall
bound callose components were fluoresced bright
pale blue under UV light and observed with a digital camera (DP71; Olympus) [28, 29].


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

4<0,<0 ,<<0<<708= Disease severity of preinoculated tomato seedling with PGPRs against
Fusarium wilt is given in Table 1. Data indicated
that there were significant differences (P≤0.01)
among the treatments. A strong correlation was
observed between disease severity (at 24th DAI) and
AUDPC values for treatments (r=0.81). All PGPR
strains enhanced the resistance of tomato to Fol. 
!  (57-2),  !$ (80-1) and 
" (36-1) significantly reduced the disease
incidence by up to 70% in pot experiments. The
results showed that the combined effect of PGPR
strains “comb-I (80-1+57-2), comb-II (57-2+36-1)
and comb-III (80-1+36-1)” were not effective
against disease development compared to control.

terminated in an ice-bath. The mixture was then
extracted with toluene to separate the aqueous and
toluene phase. Absorbance of toluene phase was
read at 520 nm in a spectrophotometer (Shimadzu
UV-1700). The proline concentration was expressed and standard curve was prepared by employing L-proline [25].

0,<>;0708= 91 & ,.=4?4=B Catalase
(CAT, E.C. 1.11.1.6) activity was assessed through
monitoring the consumption of H2O2 by measuring
the decrease in absorbance at 240 nm with a UV
spectrophotometer. The biochemical reaction was
started by adding H2O2 (0.3 mL of 0.1 mol L-1).
Samples without H2O2 were used as blanks. The
activity of CAT was expressed as ΔA240 mg-1
protein min-1 [25].

<<,B91#")Peroxidase (E.C. 1.11.1.7) activity was measured according to the method of
Cvikrová et al. [26]. One gram of leaf material was
homogenized in phosphate buffer (pH 7.0; 50 mmol
L-1). From the resulting supernatant and reaction
mixture were mixed together (guaiacol, H2O2 and
Na-phosphate, pH 6.8). The absorbance was then
read at 470 nm at 25ºC for 1 min. The activity was
expressed as ΔA470 mg-1 protein min-1 [25].

4.;9<.9:B <=>/40< In order to detect H2O2
accumulation and callose deposition, the samples
were examined 72 h after inoculation. The fresh
leaf tissues were examined under a microscope
(Nikon Optiphot) equipped with differential interference contrast (DIC). The accumulation of H2O2
was visualized using 3,3 N-diaminobenzidine tetrahydrochloride liquid substrate system (DAB; Sigma, St. Louis, USA). The leaf tissues were incubated in a solution of DAB for 25 min in the dark and
the reaction was stopped in distilled water. The



& 
4<0,<0<0?0;4=B,8/=30,;0,>8/0;=30/4<0,<0:;92;0<<.>;?0'#?,6>0<91:;0489.>6,=0/=97,=9
.?  @4=3##$<,2,48<=     1<:   
$34C9-,.=0;4,
<96,=0
9.,=498
% 110.=** '#***
! ! 
57-2
Mersin/Tarsus/Agzidelik 16.7* d
77.8
187.5
! !$
80-1
Mersin/Erdemli/Kayaci
20.8 d
72.2
202.4
! "
36-1
Adana/Karatas/Tuzla
20.6 d
72.5
283.3
Comb-I
80-1+57-2
66.6 bc
11.2
595.8
Comb-II
57-2+36-1
62.5 c
16.7
580.0
Comb-III
80-1+36-1
70.8 b
5.6
645.8
Control
90.0 a
679.2
*

Means followed by different letters in the same column are significantly different at P≤0.01 as determined by Tukey’s HSD
multiple range test
**
Disease severity (%) (The disease severity percentage was determined based on the disease scale values obtained at 24th
DAI (0=no symptom, 4=severe wilting)
***
Area under disease progress curve (AUDPC)
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Means followed by the different letter(s) are significantly different using Tukey’s HSD multiple range test (P≤0.01)


0=0;748,=498 91 =30 ,.=4?4=40< 91 /0108<0
08CB70< The levels of proline, CAT and POX
were detected in leaf tissues at different times after
the challenge inoculation. Analysis of defense enzymes revealed that PGPR strains might have induced a greater amount of enzymes in tomato
plants. The accumulation of biochemical metabolites of three rhizobacteria (36-1, 80-1 and 57-2)
were found to be significantly higher than in combined and control groups (non-bacterized) at eight
evaluation times (0-, 6-, 24-, 48-, 72 h and 10-, 18-,

24 days) after the challenge inoculation (Figure 1).
The result indicate that the accumulation of those
metabolites was significantly higher at 72 h after
the pathogen inoculation when compared to control
plants throughout the course of experiment although a general decline trend. For example, the
enzymatic activities declined on the 10th day after
Fol inoculation and this trend remained towards the
end of the experiment. A great induction of proline
was detected in tomato plants treated with  !
 (57-2) 72 h after pathogen inoculation; fol396

"!

 #  



    


lowed by  " (36-1) and  !$
 (80-1) (Figure 1). The induction of POX and
CAT enzymes at 72 h was slightly higher as compared to the control group. Maximum POX and
CAT activity was measured in  !  (57-2)
challenged with Fol. This isolate was followed by
 " (36-1) and  !$ (80-1)

in terms of the same enzymes. The level of POX
and CAT in all three combined groups were much
lower than three PGPR treatments. The application
of the combined PGPR did not yield greater enzyme activities and metabolites than the application
of PGPR standalone.

'$ 
9.,64C,=49891.,669<091   :;0=;0,=0/=97,=9<00/6482<489.>6,=0/@4=3  
  1<:   96,..>7>6,=498 391.,669<048=3070<9:3B66.066<,-,8/0:4/0;7,6
.066<./..>7>6,=498 3913B/;9208:0;9A4/0 " 48=300:4/0;7,6.066<01
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..>7>6,=498 91  "  ,8/ .,669<0 /0:9<4
=498 Light microscopy studies demonstrated that
the inoculations of  !  (57-2),  "
(36-1) and  !$ (80-1) enhanced
systemic resistance to Fol infection in the susceptible tomato cultivar. The most successful isolate (
! ; 57-2) that reducing Fusarium wilt disease,
its H2O2 accumulation and callose deposition at the
reaction sites are presented in Figure 2. Histochemical localization of callose was determined after the
Fol inoculation. In mesophyll cells, callose accumulation was observed as blue autofluorescence after
72 h of the pathogen inoculation in  !  (572) pre-treated tomato plants (Figure 2 a, b, c and d).
The mesophyll cells of the tomato that had not been
inoculated with Fol did not show any visible autofluorescence.
The localization of H2O2 was investigated using the technique of DAB staining and produced a
dark brown precipitate at the reaction sites. Rapidly
inducible responses including cell death after the
attack of Fol were detected. In leaf epidermal and
mesophyll cells, brown staining, an indicative sign
of localized H2O2 production, was evident as early
as 72 h after pre-treatments with  !  (57-2)
(Figure 2 e and f). No browning area was detected
in non-infected epidermal cells.
The present study showed that the inoculation
of plants with rhizobacteria could increase the resistance of tomato against the Fusarium wilt. The
single effects of PGPR isolates were more successful than their combined effects in terms of the ability to inhibit Fusarium wilt disease. PGPR isolates
inhibited the growth of Fol and reduced the disease
severity of Fusarium wilt in tomato. The major
disease suppression mechanisms of the tested
PGPR strains were identified as their antagonistic
effects and resistance induction abilities. It is possible to use these isolates in biocontrol strategies.
Similar findings were also reportedby Maina et al.
[30] indicating successful reduction in Fusarium
wilt disease in tomato with  ! . Nel et al [31]
reported that the mixture of ! sp., !
 sp. and ! sp. reduced the severity
of  #$! f. sp. !, but, the standalone
treatment was more successful than the combination. Altinok et al. [25] indicated in a similar study
that the PGPR isolates,  ! (P07-1 and
85A-2),  !  (P11-4),  ! (B10a) and 
$! (76A-1) significantly reduced
Fusarium wilt of eggplant by up to 85%. However,
the effectiveness of disease reduction by the combined application was not more effective than when
it was applied standalone.
In this study, potential roles of rhizobacteria
isolated from tomato rhizosphere in the induction of
resistance to Fol were examined through biochemical and histological analyses. The results of biochemical study showed that three ! spp.
resulted in great accumulation of proline and key

defense enzymes (POX and CAT). The application
of the ! mixture did not yield greater enzyme
activities than the application standalone. Induction
of proline for three rhizobacteria was higher than
those of Fol-inoculated group throughout the experiments. Similarly, POX and CAT defense enzyme
activities were significantly higher than the control
group. The best induction time for the accumulation
of biochemical metabolites of three rhizobacteria
was detected 72 h after pathogen inoculation. It is
possible that higher levels of proline content and
antioxidant enzymes (POX and CAT) after pathogen inoculation may be related to the defense
mechanisms of ISR that confer resistance to Fusarium wilt disease of tomato. Production of reactive
oxygen species (ROS) are associated with the response to pathogen attacks in many plants. ROS
activates in plant defense mechanisms as antimicrobials produced in situ in response to pathogenic
proteins [32]. Induction of antioxidant enzymes,
phenolic enzymes which eventually lead to the
accumulation of phenolic compounds is a major
defense mechanism of plants [33]. Besides, it is
assumed that the early accumulation of ROS was
one of the mechanisms triggering ISR response. In
a similar study, it was reported that the induction of
proteins and accumulation of phenolics restricted 
#$! f. sp.  [34]. Soylu et al. [35].
reported that the increases in POX activity and
H2O2 were closely associated with progressive
incorporation of phenolic compounds into the cell
wall. "   isolated from the rhizospheric soil of tomato plant caused a significant
increase in the activity peroxidase (PO) and polyphenoloxidase (PPO) against  #$! f. sp.
$ and maximum increase of these enzymes have observed on the 6th day of pathogen
challenge [36].
In general, the mechanical reinforcement of
the cell wall reduces susceptibility to walldegrading enzymes secreted by pathogens and also
restricted diffusion of pathogen-derived toxins and
forms a mechanical barrier to the penetration of
fungal hyphae [37]. The three antagonists and
jasmonic acid efficiently reduced the Fusarium wilt
symptoms on the tomato plant and had a greater
activity of peroxidase, polyphenoloxidase, glucanase, chitinase, phenylalanine ammonia-lyase and
lipoxygenase, which are commonly involved in
host resistance against Fol [10].
In the present study, rapidly inducible responses including cell death after the attack of Fol
were demonstrated. The microscopic observations
indicated that the pre-treatment of tomato plants
with  !  (57-2) resulted in an increased rapid
response known as oxidative burst. Oxidative burst
and cell wall reinforcement has been previously
reported to be a characteristic response of plant
cells to challenge with an avirulent pathogen [38,
39]. Histological events as callose accumulation at
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reaction sites were reported to be associated with
cell death response in mesophyll cells undergoing
pathogen attack [40]. Phenolic compounds such as
lignin are accumulated by PGPR strains. These
compounds are directly toxic and/or generate hypersensitive responses (HR) in plants [41, 42]. The
increased concentrations in metabolites such as
proline, POX and CAT in present study were in
agreement with the histological studies. In similar
studies, very strong correlations were reported
between the increment of peroxidase and H2O2
accumulation, which eventually increased phenolic
compounds [35, 43].
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Ecosystem theory can be applied to corporate
governance to help analyze and interpret some of the
issues in business development and management. A
company can be used as a small ecosystem, and corporate governance is its nerve center. Studies have
shown that good corporate governance can improve
business performance while reducing corporate risk.
However, there are few studies on the combined effects of corporate governance on company performance and corporate risk. Under the guidance of
ecosystem theory, this paper studies the adjustment
effect of corporate governance on corporate performance and corporate risk by establishing corporate
governance evaluation index system and regression
analysis. The empirical results show that during the
global financial turmoil, corporate governance has a
regulatory effect on corporate performance and corporate risk, and can serve as a buffer for corporate
risk. However, after the global financial crisis, corporate governance has little to do with corporate performance and corporate risk.

reconsider the issue of 'corporate governance [7].
Fast-paced economic development has been
achieved at the cost of environmental degradation,
loss of biodiversity and ecosystem services, resulting
in the exacerbation of poverty and diminished benefits for future generations. According to the MA—
Millennium Ecosystem Assessment [8], reversing
ecosystem degradation while meeting increasing demands for their services can only be met by a change
in policies, institutions and practices.
A main strength of the ecosystem services
framework proposed by MA is its flexible and holistic approach, which can be implemented into existing public and private governance instruments. Research interest has recently grown on the linkages
between the ecosystem services framework and
business sustainability disclosure [9], especially in
regard to business impacts and dependencies on the
environment: suggesting that several economic sectors rely directly and indirectly on natural resources,
while their operational activities are also a major
driver of ecological change [10].
Corporate governance has never been a simple
issue. A company is like an ecosystem. Corporate
structure, corporate governance and corporate performance are all necessary elements of this ecosystem. Different elements interact and influence each
other to promote and maintain the normal operation
of this system [11-19]. A review of previous research
literature reveals that most articles analyze the relationship between individual ecosystems, such as the
relationship between specific corporate governance
evaluation indicators and corporate performance or
corporate risk. For example, it studies the functions
of the board of directors, the rights and interests of
shareholders, and studies the disclosure of information or the rights and interests of other stakeholders. In general, although the research contents are diverse and rich, they are mostly limited to specific
corporate governance structures and not much is
studied from the perspective of the operation of the
whole ecosystem. General financial theory holds that
the value of a company depends on its performance
and risk. In this respect, although in the past there are
a lot of research on corporate governance influence

+)!$%
Ecosystem View, Corporate Governance, Corporate Performance, Corporate Risk, Moderating Effect
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Under the impact of the subprime mortgage crisis that began in 2008 and the global financial tsunami caused by it, the number of enterprises, especially large enterprises, failing or being acquired is
increasing [1-3]. Against this background, the fraudulent behaviors of the management of these companies lead to the urgent need for the corporate governance evaluation system [4-6]. In particular, when
American International Group Inc., the nation's largest insurer, faced operational difficulties and the U.S.
government assisted in its rescue efforts, the company immediately paid huge dividends to its management, causing controversy and prompting academics, corporate shareholders and regulators to
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on enterprise performance, but in view of ecological
system of corporate governance on the impact of enterprise risk is little research, let alone to corporate
governance, corporate performance, and the role of
enterprise risk as an ecological system as a whole to
study literature. Therefore, based on the ecosystem
theory and through regression analysis, this paper
empirically studies whether corporate governance
has a moderating effect on corporate business performance and corporate risk during the global financial
crisis from 2008 to 2009 and after the global financial crisis from 2010 to 2012.


&$% &!%

$1?1->/4 ;: ;><;>-@1 ;B1>:-:/1 In recent years, many scholars have discussed the relevant mechanisms of corporate governance. Although
diverse, they are mostly limited to specific corporate
governance structures. According to general financial theory, the value of a company depends on its
operating performance and risks. But in academia,
more research focuses on the impact of corporate
governance on business performance, but rarely on
the impact of corporate governance on corporate risk.
Based on previous studies, this paper takes corporate
governance as a functioning ecosystem, and discusses the relationship between corporate governance and corporate performance and risk from the
aspects of board composition and function, shareholder participation and equity, disclosure and transparency, and other stakeholders and corporate governance.

participation of directors, and so on.
Studies have shown that in terms of the composition of the board of directors, the functions of the
board of directors are related to the composition of
the board of directors. From a regulatory perspective,
external directors are more independent and can play
a supervisory role. More literature mainly supports
external directors to ease agency issues between
management and shareholders or other stakeholders.
One of the important functions of directors in terms
of directors' remuneration and discipline is supervision and management. In order for directors to play
their due role from the perspective of shareholders,
the interests of directors and shareholders should
converge. An empirical study by Cheung et al. found
that companies with better disciplined directors have
better corporate governance and higher value.
">;@1/@5;: ;2 ?4->14;801>?1=A5@E Most research on shareholder rights has focused on agency
issues between corporate ownership and management. Shleifer et al pointed out that in a diversified
company, the direct participation of major shareholders in business management can effectively
solve the problem of information asymmetry between external shareholders and internal management, thereby increasing the value of the company.
Gompers and others believe that protecting shareholders is conducive to corporate governance and
further building corporate governance indicators. La
Porta and other studies have shown that in addition
to countries with good shareholders' rights protection, the controlling shareholder controls the company through the pyramid structure to control the
cash flow rights it has. In addition, the general meeting of shareholders is related to the participation and
protection of shareholders.

&41/;9<;?5@5;:-:02A:/@5;:?;2@41.;->0
;2 05>1/@;>? The board of directors is the highest
body for business execution and the core of corporate governance. The board of directors has the responsibility to protect the rights of shareholders and
supervise the manager. The effective performance of
the supervisory manager depends on the independence of the board of directors. According to the research, the main evaluation aspects of the board's
functions include the structure and composition of
the board of directors, the separation of the chairman
and general manager, the decision and discipline of
directors' remuneration, the occupation and

:2;>9-@5;:5?/8;?A>1According to the literature, the benefits of information disclosure can reduce the company's capital cost and increase stock
liquidity. Cheung et al. found that the higher the
ownership structure of the company, the higher the
transparency of the annual report disclosure, and the
higher the corporate governance assessment. From
the perspective of information disclosure, through
the market mechanism to strengthen corporate governance standards, the market must have a corporate
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governance assessment mechanism, so that investors
can understand and compare the governance level of
listed companies through this mechanism.
This paper will integrate the above-mentioned
domestic and foreign related literature, and refer to
the International Corporate Governance Evaluation
Agency and the World Bank National Corporate
Governance Evaluation Manual to construct a reasonable corporate governance evaluation index
system.

D3. Proportion of independent directors serving as directors;
D4. The proportion of directors who are not
managers at the same time.
E. Director compensation and discipline: It refers to whether the director's remuneration design is
in the interests of the company, and whether the director can perform his duties and obligations of loyalty to the company. Its assessment indicators include:
E1. Whether the director is involved in the
breach of the law on the surrender of certificates;
E2. Whether the director's remuneration is related to the performance of the company or is in line
with the level of the same industry;
E3. Whether directors, financial and accounting directors and internal audit directors are not replaced frequently or simultaneously;
E4. The director serves as the proportion of no
more than three directors, supervisors or managers
of his company.
F. Director professionalism and participation:
refers to director professionalism and involvement in
company affairs. Its assessment indicators include:
F1. The degree of participation of independent
directors in the topics of the board of directors;
F2. Whether directors continue to pursue professional and legal knowledge;
F3. Whether the board of directors complies
with the rules of procedure;
F4. Proportion of directors present on board of
directors.
G. Transparency of information on board of directors and equity structure: it refers to ensuring that
the annual report information of directors and boards
of directors can be made public in a timely manner
and in a manner that may affect the decisions of
shareholders and interested parties. Its assessment
indicators include:
G1. Whether the company's annual report publicly shares the top ten shareholders and the number
of shares held by them and their proportions;
G2. Whether the proportion of public shareholding accounts for the first ten shareholders in the
annual report of the company;
G3. The director of the company's annual report, the supervisor who is the representative of the
shareholders of the legal person, whether or not to
disclose the controlling shareholders of the legal person;
G4. Whether the annual report of the company
discloses that the directors, independent directors
and supervisors attend the meetings of the board of
directors;
G5. Whether the annual report of the company
details the operation of the board of directors and the
audit committee;
G6. Whether the annual report of the company
is open to the remuneration of directors, supervisors
and general managers.

;:?@>A/@5;:;2B-8A-@5;::01D%E?@19;2
;><;>-@1;B1>:-:/1 This paper collates the following nine major research variables and their specific indicators are as follows:
A. Shareholder participation: whether the company provides real-time reliable information to
shareholders and establishes channels of communication between management and shareholders. Its
assessment indicators include:
A1. Whether shareholders' meeting data is provided to all shareholders early before the convening;
A2. Whether shareholders' meeting records and
resolutions are implemented are sufficient for shareholders to know;
A3. Whether the general manager, the chairman of the board of directors, and other directors and
supervisors attend the shareholders' meeting for reference;
A4. Whether the company issued dividends and
future dividend policies are fully aware of the shareholders.
B. Controlling shareholder right: refers to
whether the control right of controlling shareholder
is equal to the right of cash flow. Its assessment indicators include:
B1. Controlling the shareholding ratio of shareholders;
B2. The controlling power of the controlling
shareholders on the company is equivalent to
whether it actually paid for the investment.
C. The chairman is not the same person as the
general manager: It refers to whether the chairman's
supervision of the general manager's business performance function is affected. Its assessment indicators
include:
C1. Whether the chairman and general manager
are not members of the controlling shareholder family;
C2. Whether the chairman and the general manager are not the same person.
D. Composition of the Board: It refers to
whether the supervisory function of the board of directors can be brought into full play. Its assessment
indicators include:
D1. Proportion of non-controlling shareholder
family members serving as directors;
D2. The proportion of board members who
have no substantial relationship;
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H. Transparency of financial and operational
information: it refers to ensuring that annual financial and business information of a company that may
affect the decisions of shareholders and interested
parties is made public in a timely manner. Its assessment indicators include:
H1. Whether the annual report of the company
is open to the industry specific key performance indicators;
H2. Whether the annual report of the company
publicizes risk management policies;
H3. Whether the annual report of the company
discloses the organizational structure of risk management;
H4. Whether the annual report of the company
is open or not is related to the organizational structure and equity structure of the enterprise;
H5. Whether the annual report of the company
disclosed the relationship between the guarantee,
capital loans and other business data.
I. Social responsibility and communication
channels: it refers to whether the company, while realizing the interests of shareholders, provides a platform for investor communication and concerns
about the public good, and attaches importance to the
social responsibility of the company. Its assessment
indicators include:
I1. Whether the company website has set up the
shareholder question answer function;
I2. Whether the company has set up an investor
relations department;
I3. Whether the company has not been severely
punished by the competent authority for environmental protection issues;
I4. Whether to carry out the social responsibility of the company to implement the relevant system
and measures.
In the empirical analysis, the final evaluation
index system of corporate governance will be established by analyzing the construction of the above directions and detailed indicators through the questionnaire.

Regression model (1):
  t = β0 + β1   + β2 + β3 ∗    + ∑ β4  + ε

Regression model (2):

  t = β0 + β1   + β2 + β3 ∗    + ∑ β4  + ε

Where Performance is the company's operating
performance, which is measured by Tobin's Q and
Sharpe; Risk is the company's risk, measured by the
standard deviation of stock returns (SDSR); TCG is
the total score of corporate governance variables and
represents corporate governance; Controls are control variables, including the natural logarithm of total
assets (SIZE), current ratio (CR), liability ratio (LR)
and so on.
Tobin's Q is calculated as: Tobin's Q = company
market value/company asset replacement cost.
Sharpe's calculation method: Sharpe = (stock
return - risk-free interest rate) / standard deviation of
stock returns.
SDSR calculation method:

 =

1




∑( 
 =1



2
− μ) 

Therefore, the following four regression models are concluded:
Regression Equation (1-1):
    t = β0 + β1  + β2 + β3 ∗   + ∑ β4 



+ε



+ε



+ε

Regression Equation (1-2):

 = β0 + β1   + β2 + β3 ∗    + ∑ β4 

Regression Equation (2-1):

 t = β0 + β1     + β2 + β3 ∗   + ∑ β4 

Regression Equation (2-2):

  t = β0 + β1 + β2 + β3 ∗    + ∑ β4 



+ε

$%'&% %'%%! 

-@- ;881/@5;: In this paper, 42 qualified
companies evaluated by the Corporate Governance
Association conducted a questionnaire survey, and
sent 42 email questionnaires and collected 41 valid
questionnaires. In the second stage, 1039 paper questionnaires were sent, 417 questionnaires were collected, and 332 valid questionnaires were collected.
The effective questionnaire rate was 32%. Among
them, "1" indicates that they strongly disagree, "3"
indicates that they disagree, "5" indicates that they
agree, and "7" indicates that they strongly agree.

9<5>5/-8 :-8E?5? ;2 ;><;>-@1 ;B1>:
-:/1 :05/-@;> %E?@19 B-8A-@5;: :-8E?5? ;2
">1@1?@-/@;>?5:@41B-8A-@5;:%E?@19;2;>
<;>-@1 ;B1>:-:/1 The cumulative explanatory
variation of the nine terms of research variable established in this paper are all greater than 0.5, Therefore, the results of factor analysis show that the questionnaire measurement has good validity. The factor
analysis of research variable and evaluation index is
shown in Table 1.

&41 ?@-.85?491:@ ;2 $13>1??5;: ;018
Corporate governance may affect the direction and
intensity of corporate performance and corporate
risk, that is, corporate governance may play a moderating role in corporate performance and corporate
risk. Therefore, the following assumptions are proposed:
E<;@41?5? Corporate governance has a moderating effect between corporate performance and
corporate risk.
At the same time, in order to verify whether
corporate governance has a regulatory role between
corporate performance and corporate risk, taking
corporate performance and corporate risk as independent variables, a regression model (1) and a regression model (2) were established.
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/;><;>-@13;B1>:-:/11?@-.85?4105:@45?<-<1>
Research variable

A. Participation of shareholders' meeting

B. Controlling shareholder right
C. The chairman and the general manager are not
the same person
D. Board composition

E. Directors' remuneration and discipline

F. Directors' professionalism and participation

G. Information transparency of the board of directors and equity structure

H. Transparency of financial and operational information

I. Social responsibility and communication channels

Evaluating
indicator
A1
A2
A3
A4
B1
B2
C1
C2
D1
D2
D3
D4
E1
E2
E3
E4
F1
F2
F3
F4
G1
G2
G3
G4
G5
G6
H1
H2
H3
H4
H5
I1
I2
I3
I4

Total Cronbach's a value

Factor
load
0.754
0.726
0.770
0.773
0.883
0.883
0.922
0.922
0.759
0.827
0.664
0.591
0.741
0.665
0.812
0.718
0.922
0.914
0.803
0.797
0.709
0.685
0.571
0.808
0.855
0.741
0.816
0.865
0.807
0.701
0.878
0.667
0.844
0.842
0.723

Characteristic
value
1.126

Explanatory variation
(%)
28.141

1.506

65.784

1.559

77.969

1.701

85.062

2.051

51.206

2.167

54.168

1.739

43.476

1.283

75.557

3.232

53.873

1.292
2.126

25.830
68.343

1.414
1.165

35.361
64.479

0.897

descriptive statistical results of the explanatory variable of the company, the indexes vary greatly from
company to company (for example, the average
number of Tobin's Q is -0.14, Std Dev is 0.36;
Sharpe's average is -0.95, Std Dev is 0.42), it can be
found that there are obvious differences in operating
performance among different industries.

:-8E?5?;2";?@@1?@-/@;>?5:@41B-8A-
@5;:%E?@19;2;><;>-@1;B1>:-:/1 The analysis of the evaluation indicators of the second stage
questionnaire found that the eigenvalues were all
greater than 1.5. In addition, for each factor's load,
whether the director's salary is related to the company's performance is greater than 0.6. However, since
the global financial turmoil in 2008, the issue of
compensation has become the focus of attention, so
this article still retains these two indicators.

;>>18-@5;: :-8E?5? .1@C11: D<8-:-@;>E
(->5-.81 As can be seen from the table, in addition
to the global financial turmoil “professionalism and
participation of directors”, there is a significant positive correlation between company performance and
research variables. The eight variables of corporate
governance include “participation in shareholder
meetings”, “controlling shareholder rights”, and “the
chairman and general manager are not the same person”. For corporate risk and research variables, there
is a significant negative correlation between the six
variables of corporate governance, and there is a significant positive correlation between corporate performance and corporate risk.

1?/>5<@5B1 %@-@5?@5/? ;2 B-8A-@5:3 :05/-
@;>%/;>5:3 Through component factor analysis, we
can know that all the measurement questions in the
questionnaire are valid among the original default
variables. In this paper, descriptive statistics are carried out according to the scoring of each research
variable, as shown in Table 3 ~ 4.
At the same time, the descriptive statistics of
Expanatory variables for the investigator’s company
during the global financial storm and after the global
financial crisis are shown in Tables 5 and 6. From the
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";?@@1?@:-8E?5?;2>1?1->/4B->5-.81-:01B-8A-@5:35:05/-@;>;2;><;>-@1;B1>:-:/1
1?@-.85?4105:@45?<-<1>
Research variable

Evaluating indicator

Factor load

Characteristic value

Explanatory variation(%)

Cronbach a

A1
A2
A3
A4
B1
B2
C1
C2
D1
D2
D3
D4
E1
E2
E3
E4
F1
F2
F3
F4
G1
G2
G3
G4
G5
G6
H1
H2
H3
H4
H5
I1
I2
I3
I4

0.697
0.798
0.612
0.817
0.891
0.891
0.904
0.904
0.781
0.787
0.736
0.642
0.875
0.408
0.873
0.748
0.739
0.744
0.803
0.823
0.804
0.850
0.779
0.800
0.731
0.420
0.715
0.816
0.796
0.747
0.707
0.758
0.823
0.657
0.757

2.165

54.119

0.692

1.587

79.333

0.736

1.633

81.639

0.772

2.183

54.568

0.716

2.254

56.339

0.739

2.421

60.520

0.769

3.326

55.435

0.808

2.346

57.359

0.805

2.255

56.380

0.717

A. Participation of shareholders' meeting

B. Controlling shareholder right
C. The chairman of the board is not the
same as the general manager
D. Board composition

E. Remuneration and discipline of
Directors

F. Directors' professionalism and
participation

G. Board and equity structure information
transparency

H. Transparency of financial and
operational Information

I. Social responsibility and
communication channels
Total Cronbach's a value

0.896

& 
1?/>5<@5B1?@-@5?@5/?;:/;><;>-@13;B1>:-:/11D<8-:-@;>EB->5-.810A>5:3@4138;.-825:-:/5-8@A>9;58
Explanatory variable
A. Participation of shareholders' meeting
B. Controlling shareholder right
C. The chairman and the general manager are not the
same person
D. Board composition
E. Directors' remuneration and discipline
F. Directors' professionalism and participation
G. Information transparency of board and equity
structure
H. Transparency of financial and operational
information
I. Social responsibility and communication channels

Min
0
0

Max
12
6

Ave
1.34
1.46

Std Dev
.61
.81

Number of headings
4
2

0

6

1.78

.81

2

0
0
0

12
12
12

1.62
1.48
0.05

.82
.73
.27

4
4
4

0

18

2.15

.41

6

0

15

1.82

.46

5

0

12

1.31

.67

4


& 
1?/>5<@5B1?@-@5?@5/?;2/;><;>-@13;B1>:-:/1B->5-.81?-2@1>@4138;.-825:-:/5-8@A>9;58
Explanatory variable
A. Participation of shareholders' meeting
B. Controlling shareholder right
C. The chairman and the general manager are
not the same person
D. Board composition
E. Directors' remuneration and discipline
F. Directors' professionalism and participation
G. Information transparency of board and
equity structure
H. Transparency of financial and operational
information
I. Social responsibility and communication channels

Min
0
0

Max
12
6

Ave
1.21
1.48

Std Dev
.74
.82

Number of headings
4
2

0

6

2.02

1.18

2

0
0
0

12
12
12

1.28
2.28
2.32

.66
.50
.44

4
4
4

0

18

1.52

.57

6

0

15

1.60

.73

5

0

12

1.69

.53

4
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;><;>-@1>18-@101D<8-:-@;>EB->5-.8101?/>5<@5B1@-.81?0A>5:3@4138;.-825:-:/5-8@A>9;58
D<8-:-@;>EB->5-.81
Tobin's Q Index of company performance
Sharpe Index of Company performance
Corporate Risk SDSR Indicators
Corporate Governance TCG Index

B1
-0.14
-0.95
0.51
13.04

%@01B
0.36
0.42
.09
2.01


&
;><;>-@1>18-@101D<8-:-@;>EB->5-.8101?/>5<@5B1@-.81?-2@1>@4138;.-825:-:/5-8@A>9;58
D<8-:-@;>EB->5-.81
Tobin's Q Index of company performance
Sharpe Index of Company performance
Corporate Risk SDSR Indicators
Corporate Governance TCG Index

B1
0.35
0.19
0.37
15.44

%@01B
0.36
0.93
0.08
2.42

&
;>>18-@5;:-:-8E?5?;21D<8-:-@;>EB->5-.81.12;>1@4138;.-825:-:/5-8@A>9;58
(->5-.81 
A
1
B
.026
C
-.082**
D
-.066*
E
-.235***
F
.065*
G
.102**
H
.084**
I
.413***
TCG .359***
Tobin's Q .119***
Sharpe .163***
SDSR -.056*











1
.096**
-.210***
-.283***
-.046
.016
-.104**
-129***
.191***
-.036
.160***
-.166***

1
-.122***
-.079**
-.073*
-.017
-.060*
-.166***
.259***
-.122***
-.028
-.096**

1
.418***
.137***
.030
.208***
.012
.520***
.088**
.004
.033

1
.108**
.042
.318***
-.043
.439***
114***
-.103**
.061*







& &;.5:?#%4-><1

%%$

1
.005
1
125*** .100**
1
169*** -.001 .136***
1
.287*** .286*** .474*** .385***
1
116*** .162*** .118*** .204*** .194***
1
.084** .099**
-.029
.108** .128*** .385***
1
-.021
-.010
.000
.007 -.090** .070* .157***

1



This result is consistent with the general
knowledge in the literature. In addition, these six
items are closely related to the company's business
performance and corporate risk and corporate governance structure integrity.

%4-><1

%%$

A
1
B
-.032
1
C
-.017 -.196*** 1
D
-139*** -123*** .092**
1
E
.006 .090** -.066* -.073**
1
F
230*** -.029 -.015 -.032 -.037
1
G
337*** -.083** .043 .081** -.094** 239***
1
H
.350*** -117*** .082** .062* -143*** .205*** 319***
1
I
.096** -.063* .092** .285*** .005 127*** 129*** 143***
1
TCG .500*** 144*** 480*** 314*** 117*** .369*** .506*** 544*** .450***
1
Tobin's Q -.016 -.095** .022 .103*** 112*** .010 -.013 .089** 134*** .081**
Sharpe .180*** .095** .051* -.065* -.016
.047 .056* .070* -.023 129***
SDSR -.155*** -.003 -.031 -.092** -.049 -.049 -.080** -144*** -.004 -171***

&;.5:?
#

&



















(->5-
.81

&
;>>18-@5;:-:-8E?5?;21D<8-:-@;>EB->5-.81-2@1>@4138;.-825:-:/5-8@A>9;58

1
148***
.061*

1
.061*

1

and corporate risk according to the different periods
after the financial turmoil and the financial turmoil,
the results are shown in Table 9.
From the Table 9, it can be seen that during the
global financial crisis, the regression model of corporate performance affected by corporate governance and corporate risks, in the regression equation
(1-1), coefficient of  *   3 = 0.073,  < 0.05,
it is indicated that the interaction item has a significant negative statistical relationship to the indicator
Tobin's Q; in the regression equation (1-2), coefficient of  *   3 = -0.085,  < 0.05, it

$13>1??5;: :-8E?5? ;2 ;><;>-@1 ;B1>:
-:/1 @; ;><;>-@1 "1>2;>9-:/1 -:0 ;><;>-@1
$5?7 $13A8-@5;: Using regression equation (1-1),
regression equation (1-2), regression equation (2-1)
and regression equation (2-2), respectively, regression analysis is carried out on the adjustment effect
of corporate governance on corporate performance
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&
&41>13>1??5;:9;018;2/;><;>-@1<1>2;>9-:/1-221/@10.E/;><;>-@13;B1>:-:/1-:0/;><;>-@1>5?7?
0A>5:3@4138;.-825:-:/5-8/>5?5?
&591?@-31
$13>1??5;:1=A-@5;:
:01<1:01:@B->5-.81
;:@>;8B->5-.81
%,
06$
$
  
:01<1:01:@B->5-.81
%%$
&;.5:?#
%4-><1
$13A8-@10B->5-.81
&
:@1>-/@5B15@19
&%%$
&&;.5:?#
&%4-><1
$
06$ 
%@-@5?@5/
%-9<81?5F1

A>5:3@4138;.-825:-:/5-8@A>9;58
(1-1)
(1-2)
(2-1)
(2-2)
Tobin's Q
Sharpe
SDSR
SDSR
.052
.098*
-.036
-.060

.007
.048
.044
.004

.073*

.166***

.001
.113**
-.061
-.013

(1-1)
Tobin's Q

.008
.110**
075*
-.011

-224***

2@1>@4138;.-825:-:/5-8@A>9;58
(1-2)
(2-1)
(2-2)
Sharpe
SDSR
SDSR

-.008
-.069*
-.049

.070
.206***
.032
.040

.074*

.165***

.084*

.180***
-.463***
.034
.042

.065*
.184***

190***

129***

-.073*

-.085*

-.105**

-.106**

144***
.136***

.092**

-.021

-.002

-.105**
.066
.058
8.731***


.057
.041
.049
.033
7.464*** 5.255***



.153***
-.484***
.023
.044

-.110***

-112***

-.016
-.132***
.068
.061
9.078***


shows that the interaction item has a significant negative statistical relationship to the index sharpe.
Therefore, the regression results support the hypothesis.
At the same time, in the regression model of
corporate risk affected by corporate governance and
corporate performance during the global financial
turmoil, in the regression equation (2-1), coefficient
of  *    3 = -0.105, p < 0.01), it shows
that the SDSR has a significant negative statistical
relationship; in the regression equation (2-2), coefficient of     3 = -0.132, p < 0.001, the
result showed that the interaction item had significant negative statistical relationship to the index
SDSR. Therefore, the regression results support the
hypothesis.
But after the global financial turmoil, as can be
seen from the regression results, regardless of the regression model (Regression Equation (1-1) and Regression Equation (1-2)), where corporate performance is affected by corporate governance and corporate risk, or the regression Model of Corporate risk
affected by Corporate Governance and Corporate
performance (Regression Equation (2-1) and Regression Equation (2-2)), there is no significant statistical relationship between the interaction terms
and the independent variables. Therefore, this regression result does not support the hypothesis.
In a word, the regression empirical results of
regression model show that during the global financial turmoil, corporate governance has a regulatory
effect between corporate performance and risk; however, after the global financial turmoil, corporate
governance has no adjustment effect between corporate performance and risk.



.071
.065
11.725***


.083
.077
13.760***


.204
.198
38.932***


-.028
.219
.214
42.666***


! '%! 

Through the analysis of corporate governance
by ecosystem theory, the following conclusions can
be drawn: First, the ecosystem theory can be effectively applied to the analysis of corporate governance system. By constructing a corporate governance evaluation index system and establishing a regression model, it is helpful to analyze corporate
governance and the relationship between company
performance and company risk. Second, the study
found that during the global financial turmoil, corporate governance played an important role in regulating company performance and corporate risk. Third,
after the global financial turmoil, the regulatory effect of corporate governance is not obvious, and
there is no obvious relationship between corporate
governance and corporate risk and corporate performance.


$$ %
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literature, and the studies in related fields are not
enough [12-20].
Changli Golden Coast Nature Reserve is one of
the national marine nature reserves. This area is located in the coastal area of Changli County,
Qinhuangdao City, northeastern Hebei Province. It
is divided into land and sea areas. The sea area has
an area of 208.5 km2 [21], ranging from 39°37′N to
39°32′N, from low tide line to 119°37′E. Changli is
one of the areas with high habitat density of    
     in China [18, 20]. In this study, the
substrate type and particle size range suitable for of
        in the coastal waters were
taken as the breakthrough point to provide scientific
basis for         protection and research.


&$%! &"%

%&$&
         is an important species to study the evolution of chordates
and has important scientific value. Based on the survey data, the effect of sediment environment on the
habitat density of        
 were studied in Changli Nature Reserve in
spring (May) and summer (August) of 2017. The results showed that        
 mainly distributed in sandy sediment in the
study area. The median particle size ranged from 200
to 300 μm. When the sulfide content in sediment was
below 60 mg/kg and the organic carbon content was
between 0.03 and 0.1%,     
    was more favorable for survival and reproduction.


+)"$%
Changli,          , sediment,
granularity, habitat density

There were 14 stations in the research area,
ranging from north of Luanhe Estuary to south of
Dapu Estuary. The sampling sites were shown in
Figure 1. The stations were set according to the requirements of Changli Golden Coast Nature Reserve. Among them, stations 1 to 6 were located in
the buffer zone of the reserve and stations 7 to 14
were located in the core zone of the reserve. Samples
were collected according to the requirements of "
The Specification of Oceanographic Investigation "
(GB/T 12763-2007) [22] and " The Specification for
Marine Monitoring " (GB 17378-2007) [23] in May
2017 and August 2017. The vessel was Jichang Fishery 046032. Samples of         and
surface sediments were collected by grab dredger for
4 buckets per station and kept in brown bottles. 
       samples were counted and particle size of sediments was measured by laser using
Particle size analyzer (LS 13320). Bivariate correlation analysis was performed using SPSS 17.0 software. Sulfide and organic carbon were measured according to Part 5 of " The Specification for Marine
Monitoring " (GB 17378-2007) [23]. The survey and
experimental protocol were approved by Changli
Golden Coast National Nature Reserve.

!&$"'&"!
         , which
belongs to the subphylum Chordata, is one of the few
living species of lancelets. It inhabits on the sea
floor, camps semi-cave life and often drills in the
sand, which is widely distributed in coastal areas [16]. Therefore, the distribution of  
       is closely related to the grain
size of sediments. In recent years,       
  has become a rare species, which is listed as
the second-class protected animals of the state. 
       is a transitional type between
invertebrates and vertebrates. It is also an excellent
scientific experimental material for studying the
evolution and phylogeny of chordates.    
    plays a special role in phylogenetic
evolution and has important scientific research value
[7-11]. However, there are relatively few studies on
the relationship between        
density and sediment grain size in the existing
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no clayey silt and silty sand in the sediments at stations 2, 3 and 12 but the sediments at station 10 contained more silty sand. Therefore, the sediment type
of station 10 was silty sand and the rest were sand.
By comparing sediment types in spring and
summer, the changes were as follows: although the
sediment types at stations 3 and 12 were still sand,
there were no clayey silt and silty sand; the sediment
type at stations 5 changed from clayey silt to sand; a
small amount of clayey silt and silty sand appeared
in the sediments at stations 7; and the contents of the
other stations had little change. From the buffer zone
to the core zone, the content of silty sand in sediments increased slightly.

$%'&%
%105819>&B;1=The grain size distribution of
sediments in the sampling area in spring was shown
in Figure 2. There were three types of sediments in
this area, including sand (S), clayey silt (YT) and
silty sand (TS), among which sand was the main type
(Figure 2). There were no clayey silt and silty sand
in the sediments at stations 2 and 7 and no sand in
the sediments at station 5. The results showed that
the sediment type of station 5 was clayey silt, that of
station 10 was silty sand, and that of other stations
were sand. The grain size distribution of sediments
of this area in summer was shown in Figure 3. The
sediment types were sand (S), clayey silt (YT) and
silty sand (TS) (Figure 3). And the grain size of the
sediment was also dominated by sand. There were

#-<>5/71%5C15=><5.?>5:9:2%105819>=The
grain-size characteristic of sediments is one of the
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presented in the sediment grain size [18]. Median
grain size is the midpoint of the grain-size distribution, which indicates the concentration trend of the
sediment grain size distribution.

basic properties of sediments, which is the result of
the comprehensive effects of sediment provenance,
sedimentary dynamics and transport distance. The
hydrodynamic conditions and source information are

'$ 
%105819>>B;1=-90/:9>19>/:8;:=5>5:9->1-/4=>->5:959=?881<

'$
105-9;-<>5/71=5C1;7-9105=><5.?>5:959=;<593

'$
105-9;-<>5/71=5C1;7-9105=><5.?>5:959=?881<
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&414-.5>->019=5>B--90.5:8-==05=><5.?>5:9.:2  !->1-/4=>->5:959=;<593
was 91.67 ind./m2 at station 4, and the lowest was
2.78 ind./m2 at stations 13 and 14. The biomass of
station 4 was the highest (3.06 g/m2), while that of
station 13 was the lowest (0.15 g/m2) (Figure 7).
By comparing the distribution of    
    in spring and summer, it could be seen
that the stations with relatively high habitat density
showed great changes, but the station with the highest habitat density had not changed, which was still
at station 4. The station with the lowest habitat density changed slightly at station 9 to station 13 and 14.
While stations with maximum biomass changed
greatly. The distribution area of       
 was relatively narrow in spring and relatively
extensive in summer. The distribution of biomass
was similar to habitat density of       
 , which had higher values at stations with higher
habitat density.

The median size distribution of sediments in
the study area in spring was mainly 200-300 μm,
while in summer it was mainly 250-350 μm. By
comparing the distribution in spring and summer, the
median size distribution in the same area showed an
overall increasing trend, which may be caused by the
change of hydrodynamic conditions (Figure 4,
Figure 5).
&41-.5>->19=5>B-905:8-==5=><5.?
>5:9 :2     !The
distribution of habitat density and biomass of 
       in spring was shown in Figure
6. The habitat densities of         at
stations 4, 5 and 7 were higher than that at other stations, among which the highest was 88.89 ind./m2 at
station 4 and the lowest was 2.78 ind./m2 at station
9. The biomass of station 14 was the highest (9.89
g/m2), while that of station 8 was the lowest (0.07
g/m2) (Figure 6). The distribution of habitat density
and biomass of         in summer
was shown in Figure 7. The habitat densities of 
       at stations 2, 4, 7 and 11 were
higher than that at other stations, among which the
highest habitat density of        

&41221/>=:2%?72501-90"<3-95/-<.:9
:9>41-.5>->19=5>B:2 
 !        is extremely
sensitive to sediment quality [24]. When the pollution is beyond the adaptability of       
  to sediment environment, it is not conducive
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to the growth of         . Therefore,
it is necessary to monitor the sediments in    
     habitat. The sediments in the study
area in spring and summer of 2017 were shown in
Table 1 and Table 2. It could be seen from the tables
that the sulfide and organic carbon content had a significant impact on the survival of    


    . When the sulfide concentration in sediment was higher than 50 ug/g or the organic carbon
content was higher than 0.3%, the survival of 
       would be threatened. The results of other ecological conditions, such as water
depth, were all within the suitable range for    
     .

'$
&414-.5>->019=5>B--90.5:8-==05=><5.?>5:9.:2  !->1-/4=>->5:959=?881<

& 
&41/:9>19>:2=?72501:<3-95//-<.:9-90>41019=5>B:2   !59=105819>=
59=;<593
:95>:<593
=>->5:9=
1
2
3
4
5
6
7
8
9
10
11
12
13
14

7:935>?01

7->5>?01

DEF
119 17 33
119 21 21
119 26 21
119 32 00
119 32 00
119 36 21
119 36 21
119 29 21
119 34 00
119 29 21
119 32 00
119 34 00
119 29 21
119 34 00

DEF
39 33 00
39 33 00
39 33 00
39 37 00
39 31 45
39 34 30
39 33 30
39 33 00
39 33 00
39 34 30
39 34 30
39 34 30
39 36 00
39 36 00

1;>4:2
A->1<
8
6.2
7.0
8.10
12.0
14.6
9.0
13.0
13.5
10.0
13.7
12.0
13.7
14.5
14.6

%?72501
G3 3
50.7
10.2
65.1
30.7
9.1
24.8
23.1
22.3
25.1
57.6
24.4
69.4
73.8
55.2

"<3-95/
/-<.:9

0.135
0.110
0.055
0.066
0.054
0.060
0.022
0.084
0.096
0.328
0.351
0.236
0.243
0.113

   !
019=5>B
590 8 
11.11
88.89
41.67
19.44
47.22
8.33
2.78
16.67
16.67
11.11

Note: "-” represents that no          samples were collected at the station.
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&41/:9>19>:2=?72501:<3-95//-<.:9-90>41019=5>B:2   !
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:95>:<593
=>->5:9=

7:935>?01

7->5>?01

DFE
DFE
1
119 17 33
39 33 00
2
119 21 21
39 33 00
3
119 26 21
39 33 00
4
119 32 00
39 37 00
5
119 32 00
39 31 45
6
119 36 21
39 34 30
7
119 36 21
39 33 30
8
119 29 21
39 33 00
9
119 34 00
39 33 00
10
119 29 21
39 34 30
11
119 32 00
39 34 30
12
119 34 00
39 34 30
13
119 29 21
39 36 00
14
119 34 00
39 36 00
Note: "-” represents that no   

1;>4:2
A->1<
8
4.0
7.7
9.3
10.8
14.6
9.6
12.1
13.4
9.7
13.9
11.5
13.7
14.6
14.7
     

"<3-95/
 
/-<.:9
 !019=5>B
G3 3

590 8 
60.7
0.115
53.6
0.140
58.33
65.1
0.055
22.22
38.8
0.094
91.67
83.5
0.133
33.33
139.1
0.337
37.1
0.038
77.78
37.5
0.066
11.11
72.1
0.128
138.7
0.449
42.4
0.083
41.67
75.5
0.096
13.89
21.2
0.107
2.78
98.4
0.340
2.78
samples were collected at the station.
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#1-<=:9/:<<17->5:9/:1225/519>2:<4-.5>->019=5>B:2   !-90=105819>
8105-9;-<>5/71=5C1=1-=:9
Spring

Particle size

Summer

Particle size

-

Season

19=5>B
1.000*
0.993**
-0.999*
-

201.2~296.5 μm
245.7~272.6 μm
272.6~352.9 μm
-

Note: "*" presents significant correlation at 0.05 level, while "**" presents significant correlation at 0.01 level.

&
:8;-<5=:9:2=?5>-.713<-59=5C1:2   !2<:805221<19>;7-/1=
%1-<1-
Changli Sea Area outside Luanhe
Estuary
Waichangli Sea Area, Xinkai
Waichangli Sea Area, Xinkai
Dafang chicken sea area
South Coast of Portugal
Xiamen Huangcuo Subtidal Zone
Xiamen 18-Line subtidal zone
This survey

#-<>5/71;<:;:<>5:9

->-=:?</1=

More than 90% of the 125-1000 μm granule group

Zhou Weibiao et al., 2014 [18]

More than 50% of the 200-500 μm granule group.
More than 90% of the 63-500 μm granule group.
More than 90% of the 360-780 μm granule group.
500-1000 μm granule group
The sand content ranges from 38.6% to 71.53%.
The sand content ranges from 75.53% to 96.08%.
More than 60% of the 200-300 μm granule group.

Cao Yuping et al., 2001 [25]
Luo Hao et al., 2015 [21]
Lu Huosheng et al., 2008 [15]
M. Dolbeth et al., 2006 [26]
Rao Yiyong et al., 2015 [2]
Rao Yiyong et al., 2015 [2]
This paper



the range of sediment size remained above 200 μm.
As such, the sediment size favorable for    
    to live in was 200-300 μm.

By comparing the monitoring data in spring
and summer, the sulfide concentration of station 3
decreased, while it increased significantly at stations
6, 9 and 10. Organic carbon content of station 11 decreased with         appeared in
that station.

&41 $17->5:9 .1>A119 -.5>-> 19=5>B :2
    ! -90 %105
819>%5C15=><5.?>5:9Data of sediment grain size
and habitat density at each station showed that the
sediment type in which         centrally distributed was sand.        
chose to live in sandy sediment because the sediment
particles were loose, ventilated and easy for   to
live in [18]. The relationship between sediment and
habitat density of         at each
station was shown in Figure 8 and Figure 9.
In spring, the sediment particle size fluctuated
in the concentration area of         .
The maximum habitat density reached 88.89 ind./m2
when the median particle size was 264 μm, while it
reached 40 ind./m2 when the particle size was 5.674
μm. The maximum habitat density reached 91.67
ind./m2 in summer when the median particle size was
272.6 μm. When the habitat density reached over 40
ind./m2, the size range of        
was basically over 200 μm. The fluctuation of particle size was mainly affected by the hydrodynamic
changes and the source changes of sediments in the
study sea area. Comparing the habitat density of 
       and distribution of sediment
size in spring and summer, it could be seen that the
habitat density was relatively high when the sediment size was above 250 μm. Comparing with the
monitoring data of two seasons, the maximum density had no significant correlation with the sediment
size. When the habitat density reached 40 ind./m2,

&41$17->5:9=45;.1>A119>41-.5>->19
=5>B :2     ! -90
105-9#-<>5/71 %5C1 %1-=:9In order to explore
the effects of sediment median size and season on the
habitat density of         , the correlation analysis was carried out using SPSS 17.0
software. The results were shown in Table 3. In
spring, there was a significant positive correlation
between habitat density of        
and median particle size in the range of 201.2-296.5
μm ( < 0.05). While in summer, there was a significant positive correlation between habitat density
and median particle size in the range of 245.7-272.6
μm ( < 0.01), and a significant negative correlation
in the range of 272.6-352.9 μm ( < 0.05). There was
no significant correlation between habitat density
and season ( > 0.05).


%'%%"!
&41 221/>= :2 %105819> %5C1 :9 
   !In general,    
     requires relatively strict living environment with certain sediment grain size range. Different sediment types and particle size composition
will restrict the distribution of       
 . A large proportion of silt and clay in sediment
will change the aeration of sediment and the exchange of sea water [25], which is difficult for amphioxus to live and reproduce. The sediment and particle size suitable for         survival and reproduction were shown in Table 4.
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From the results above,       
 preferred to live in the sediment with high content of sand, which generally accounted for more
than 50%. Its particle size composition was in the
range of 100-1000 μm, and the rest was clayey silt
with finer particle size. In the present study,    
     mainly lived in sand, among which
the particle size of 200-300 um accounts for more
than 60%. The results of this study were basically
consistent with previous studies (Table 4). The reason might be that the sediment was mixed with
coarse and sand with a small proportion of mud,
which was good for water exchange and "half cave
life" of         due to good ventilation. A small amount of mud was rich in organic
matter, which could be used for the growth and reproduction of diatom. Diatoma was an important bait
for         [2]. Therefore, these
conditions were very favorable for the growth and
reproduction of         .

&41 221/>=:2 %?72501 :9>19> :9
   !Sulfide content is an
important indicator of marine sedimentary environment. Under anaerobic conditions, sulfate-reducing
bacteria can accelerate the formation of sulfides in
sediments and produce a large amount of hydrogen
sulfide. The dissolution of hydrogen sulfide would
further consume dissolved oxygen in seawater,
worsen the environment, and directly or indirectly
affect the survival and reproduction of    
    . In the present study,       
  could survive when the sulfide content was
below 60 mg/kg. Besides, there was no correlation
between sulfide and the density of       
   which was consistent with Wu Kai's conclusion [20]. Some studies have shown that when the
sulfide content reaches 400-1500 mg/kg, the oxygen
consumption rate reaches the maximum, while when
the sulfide content is greater than 1700 mg/kg, the
sediment environment is basically in an abiotic state
[27].

"!'%"!%
(1) There were mainly three types of sediments
in the study area: sand, silty sand and clayey silt. 
       mainly distributed in the sandy
sediment with a median particle size ranging from
200 to 300 μm.
(2) The changes of sediment and hydrodynamic
conditions for         survival and
reproduction in the study area changed the sediment
types at some stations.
(3) There was a significant positive correlation
between the habitat density of       
 and the median sediment size in the range of
201.2-296.5 μm ( < 0.05) in spring; there was also
a significant positive correlation between the habitat
density and the median sediment size in the range of
245.7-272.6 μm ( < 0.01) in summer, and a significant negative correlation in the range of 272.6-352.9
μm ( < 0.05); there was no significant correlation
between the habitat density and the season ( >
0.05).
(4) The content of sulfide and organic carbon in
sediment environment also posed a threat to the survival and habitat of         . When
the content of sulfide was below 60 mg/kg and the
content of organic carbon was in the range of
0.03%~0.1%, it was more suitable for the survival
and reproduction of         .
The habitat environment of       
  in Changli sea area still needs to be protected. The temporal and spatial changes of sediment
and         and their correlation
were studied in this study. However, in order to understand the life and ecological panorama of 
       , it is not enough to analyze
only the single factor of sediment, other factors such
as water quality, environment, bait and so on need to
be further studied.

!") !&%

&41 221/>= :2"<3-95/ -<.:9 :9>19> :9
    !    
    prefers to live in an environment with
low organic content. Ma et al. [19] showed that the
suitable organic carbon content for  
       to live in was 0.04%~1.61%.
In the present study, the organic carbon content of
the sediment in the living environment of    
    was 0.03~0.1%, which was within the
scope of Ma et al.’s research results. When the content of organic carbon was more than 2.5%, it would
affect the feeding environment of       
  , thus affecting its survival and reproduction
[1].
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There is an urgent need to address the problems
of food safety in sustainable agricultural production.
Food safety has been recognized as a serious public
health concern across the world. Bio-stimulants are
emerging plant growth regulators enhancing root
growth, nutrient uptake and tolerance to biotic and
abiotic stresses. The use of bio-stimulants in agricultural inputs has been tested for diverse plant species.
Therefore, the current study was carried out to determine the influence of some promising bio-stimulants
on the growth parameters and peroxidase activity of
tomato cultivar Castle Rock. Seven treatments were
chosen including the application of compost tea
(through the soil and foliar application), amino acid,
ascorbic acid and dry yeast extract (@ 2 and 4 g L-1)
as well as the control. Data were recorded for six
weeks after sowing until seedlings reached the
height for the field transplantation. Plant growth
measurements (e.g., plant height, fresh and dry root
and shoot weights, stem diameter, the number of
leaves and leaf area), chlorophyll content were monitored during both seasons. Besides the aforementioned parameters, peroxidase activity was measured
and plant tissues were analyzed for N, P and K contents. Among the designated treatments, the foliar
application of 2 g L-1 dry yeast and compost tea treatments recorded the best growth parameters of tomato
seedlings. Similarly, the bio-stimulants significantly
affected the N, P and K contents of plant tissues. The
peroxidase activity was significantly affected by the
application of 200 mg L-1 amino acid. Overall, the
results suggested that the foliar application of dry
yeast extract and compost tea are advantageous for
the production of safe and healthy tomato
production.

 #!$# 

Tomato ( ! $! L.) is economically one of the most important vegetable crops
worldwide with a production of 170.75 million tons
totaling a value of 92.49 billion U$ [1]. Tomato is
cultivated on an area of 13, 317 ha in both open fields
and greenhouses with a total production of 306,389
Mg in the Kingdom of Saudi Arabia [2]. Among
other vegetable crops, tomato is ranked the second in
the open field and first in the greenhouse [3]. In recent years, organic agriculture in the KSA is noticeably increased due to the exceptional recognition and
support by the government [4]. Thus, with increasing
demands for organic products, the production of organic tomatoes should be an excellent prospect for
local fresh market. Organic agriculture is recognized
as holistic production management promoting and
enhancing agro-ecosystem health [5]. It is principally based on prohibiting the use of synthetic agricultural inputs and aim to produce healthy crops and
vegetable plants by improving the soil health with
the use of organic inputs [6, 7].
The production of adequate healthy tomato
seedlings in nurseries require plants capable of rapidly and uniformly develop until they are well established. The production of vigorous seedlings plays a
vital role in the establishment of a healthy tomato
crop in the field [8]. In modern agriculture, intensive
seedling production is a leading method for vegetable production due to its various advantages such as
saving seeds, energy and labor as well as it’s highly
efficiency to use soil and to grow healthy crop [9].
However, organic tomato production requires the
use of certified organic seeds and organic transplant
productions. Bio-stimulants are widely used for organic farming of horticultural crops [10]. Bio-stimulants are products of biological origin from higher
plants, fungi, bacteria, seaweeds or animals, which
have the ability in improving plant physiological
processes, stimulating plant germination, growth and
enhancing plant resistance and tolerance under stress
conditions [11]. Recently, a considerable literature

4&!"
Organic agriculture, compost tea, dry yeast, ascorbic acid,
amino acid, foliar application, tomato seedling
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Treatment
Details
Dose or amount
T1
Control or spraying with tap water
500 ml per tray
T2
Soil application with compost tea
500 ml per tray
T3
Foliar application of compost tea
500 ml per tray
T4
Foliar application of amino acid
200 mg L-1
T5
Foliar application of ascorbic acid
250 mg L-1
T6
Foliar application of dry yeast
2 g L-1
T7
Foliar application of dry yeast
4 g L-1
has grown up around the theme of plant bio-stimulants [12, 13, 14, 15, 16, 17]. These bio-stimulants
are diverse bioactive components ranging from single compounds to complex matrices and may include
ascorbic acid, amino acids, compost tea, and yeast
extract [14]. The published literature confirmed that
these bio-stimulants have a crucial and beneficial
role in improving the ability of cultivated plants to
face adverse stressful environmental conditions [18].
Therefore, bio-stimulants have an important ecological and economic potential in the agricultural sector.
Compost tea is compost-derived liquid products, which may potentially induce positive effects
on plant growth and decreased disease incidence. It
can also be applied to the plants to obtain various
benefits such as improving protection from pathogens and increasing the physiological status of plants
[19]. Nowadays, compost teas have been also found
to stimulate root and vegetative growth, causing increases in both the crop yield and quality [20]. Many
studies were focused on the importance of using
compost tea concerning plant health and environmental safety [21, [22]. Besides, the application of
compost tea was considered as an alternative to the
extensive use of chemical products [23]. During the
last decade, studies proved that amino acids could
also directly or indirectly affect the physiological activities in plant growth. Furthermore, amino acids
are well known as bio-stimulants, inducing positive
effects on yield and yield quality [24, 25]. Many researchers found that amino acids significantly increased the plant growth as well as slightly increased
chlorophyll content of leaves [26, 27, 28, 29]. Many
studies also confirmed that the application of exogenous amino acids had positive effects on plant
growth under metal stress [30, 31]. The yeast extract
is considered a natural source of cytokinins, which
stimulate cell division and enlargement, including
the synthesis of proteins, nucleic acids and chlorophyll [32]. The yeast extract also may stimulate the
productivity and storability of garlic [12]. Recently,
a considerable literature has grown up around ascorbic acid and its applications [33, 34, 35]. Ascorbic
acid is well known as vitamin C and as the main antioxidant with high solubility in water in plant cells
as well as distinguished biochemical functions as an
enzyme cofactor and electron transport. This vitamin
has a promising role in regulating plant growth, hormone signaling and flowering [36].

Therefore, this study was aimed to investigate
the effects of some organic bio-stimulants, namely
the yeast extract, amino acids and compost tea comparing with the ascorbic acid, on the growth, NPK
content and peroxidase activity in leaves of tomato
seedlings.

#!"  #"

>7-&4-5-)3-#&/5Experiments were conducted in a greenhouse under controlled environmental conditions at the Research and Training Station, King Faisal University, Al-Hassa, Saudi Arabia
during the 2017 and 2018 cropping seasons. Tomato
(  $!) cultivar Castle Rock seeds were
sown individually in the germination trays containing 40 compartments (5 × 6 × 6 cm) each filled with
a mixture of commercial peat moss and vermiculite
with a ratio of 1:1 (v/v). The main composition of
peat moss was total nitrogen 166 mg L-1, pH 5.9 and
total salinity 0.529 mS m-1. The experiments were
carried out using Randomized Complete Block Design (RCBD) including seven treatments with three
replicates and 40 plants were included in each replicate.
773&+)-&656.--*&6#-&43)5-#Four types
of bio-stimulants (compost tea, amino acid, ascorbic
acid and dry yeast) were investigated in this study
(Table 1). The active dry yeast ( $
") was mixed with sugar (as a source of C
and N) at a ratio of 1:1 (w/w) and dissolved in water.
The yeast was kept overnight at room temperature
for activation and reproduction to get higher reactive
yeast cells (1200 yeast cell per 1 ml yeast extract).
The mixture of amino acids (Delfan 10%, Spain) the
typical structure was published by Hammad and Ali
[37]. The compost tea was prepared by soaking the
compost in water at the rate of 1:10 (Green land,
Canada). The ascorbic acid was provided by the
Physiology and Breeding of Horticultural Crops Laboratory, Department of Horticulture, Faculty of Agriculture, Kafrelsheikh University, Egypt. The irrigation was performed according to the recommended instructions under the greenhouse conditions in the KSA, whereas the fertilizer was applied
using NPK fertilizer (20:20:20) at the rate of 1 g L-1
twice per week. The bio-stimulants were applied to
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one week old tomato seedlings once a week for three
weeks, consecutively.

?#&636/&+)3 )5, <-/--)-&<- 7))4---#
The physiological and vegetative characteristics of
tomato seedlings were recorded six weeks after sowing. Ten seedlings per tray were randomly selected
to measure the growth parameters such as plant
height, stem diameter, seedlings roots and shoots
fresh and dry weights, number of leaves per seedling
and the total leaf area per seedling. The total chlorophyll contents were also determined using a KONICA MINOLTA SPAD-502 Plus chlorophyll meter
(Konica Minolta, Japan). The peroxidase activity
was also estimated in the second year of experiment,
in addition to the aforementioned characteristics. Peroxidase activity was also measured according to the
method described by Allam and Hollis [38]. The nitrogen (N), phosphorus (P) and potassium (K) contents were also determined in the leaves of seedlings.
The P contents were determined calorimetrically as
described by Hafner et al. [39], K contents by flame
photometry whereas, N contents were determined
using the Kjeldahl method [40].

with maximum diameter 4.21 mm whereas, the foliar
application of dry yeast at 2 g L-1 in the second season had thickest stem diameter 4.07 mm, respectively. However, the differences in plant stem diameters were not significant among the foliar application of compost tea, amino acids, ascorbic acid and
dry yeast treatments. Seedlings received compost tea
by soil or foliar application, or those treated with
ascorbic acid or yeast extract at 2 g L-1 had the thickest stem diameters in the second season. 
"66-.-#)5,,?7-&/-#The use of biostimulants produced a significantly positive impact
on the fresh and dry shoot weight of tomato seedlings (Figure 2). The mean shoot fresh and dry
weights ranged between 10.6-15.5 g and between
0.58-0.94 g, respectively during the first season.
Whereas, during the second season these were between 10.0-16.7 g and between 0.41-0.98 g, respectively. The application of 2 g L-1 dry yeast extract
produced the highest values of shoot fresh and dry
weights in both seasons comparing with the other
treatments and control plants. Thus, the tomato
plants under foliar application of 2 g L-1 produced
optimal plant growth as compared to other studied
treatments. It was further noticed that foliar applications of compost tea and dry yeast at the rate of 4 g
L-1 caused significantly similar effects on shoot fresh
weight in the first season, yet they were significantly
different in the 2018 season. Data examination of the
effects of both treatments on shoot dry weights
showed the same trend for both seasons. Overall, the
foliar application of dry yeast at the rate of 2 g L-1
and foliar application of compost tea surpassed all
the other treatments and proved potential treatments
for seedlings growth enhancement.

"-)-&#-&+)35)3?#&# Data collected were subjected to analysis of variance (ANOVA). Statistical
analysis was done using the COSTAT Computer
Program as suggested by Snedecor and Cochran
[41]. Duncan’s multiple range test was used for comparing the treatment means.

!"$#" "$"" 

3)5- -&/- )5, #--4 ,&)4--- The biostimulant treatments produced different effects on
the tomato seedlings in both seasons under investigations (Figure 1. The plant height and stem diameter of the tomato seedlings were significantly different under various treatments. The plant height
ranged from 19.7 to 23.7 cm and between 18.8 to
22.5 cm in the first and second season, respectively.
In the first season, the highest plant height of the
seedlings treated with foliar application of dry yeast
extract (2 g L-1) was 23.7 cm). Whereas, in the second season the maximum plant height (22.5 cm) was
recorded for the foliar application of compost tea.
The control plants significantly produced shortest
seedlings in both seasons. The results indicated that
foliar application of dry yeast at the rate of 2 g L-1 or
compost tea proved the best in terms of transplant
height. The mean values of stem diameter, ranged
from 3.07 to 4.21 mm during the first season and
from 3.17 to 4.07 mm during the second season, respectively (Figure 1). Control plants recorded the
significantly smaller stem diameters ranged between
3.07 mm and 3.17 mm in both seasons, respectively.
The seedlings treated with the soil application of
compost tea in the first season produced thick stem

!66-.-#)5,,?7-&/-#The differences
among the designated treatments were significant for
the tomato seedlings mean root fresh and dry weights
(Figure 2). Root fresh weight ranged from 1.03 and
4.58 g during the first season and from 1.71 and 3.44
g in the second season. The highest fresh root weight
was observed in plants under the foliar application of
dry yeast at the rate of 2 g L-1 in both growing seasons. Similarly, the best values for root dry weights
were also obtained under the same T6 treatment for
both seasons. Besides, the application of ascorbic
acid treatment in the first season recorded significantly the same value for the foliar application of dry
yeast at the rate of 2 g L-1. However, during the second season the root fresh weight showed similar response for almost all treatments (Figure 2).
-). )-) )5, 54*- 6. 3-)<-# 7- 73)5-
There was a significant positive correlation between
the studied treatments and leaf area of the seedlings
(Figure 3). Interestingly, the mean leaf area was recorded between 7.9 cm and 13.6 cm per leaf during
the first season and 9.0 cm to 14.1 cm per leaf during
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the second one, respectively. Generally, seedlings
treated with compost tea through soil application had
the highest leaf area in both seasons. While the lowest leaf area was recorded for the control plants in
both seasons. This is probably due to the effect of
organic materials added to the soil resulting in profound vegetative growth of plants. It was also observed from the results that soil application of compost tea enhanced the plant growth more than all
other treatments. Nonetheless, the number of leaves

per plant could not show strong response to applied
treatments in both seasons (Figure 3). The differences between most of the applied treatments were
insignificant for number of leaves per plant. The
mean number of leaves per plant ranged from 3.7 to
5.0 and from 4.0 to 5.3 in both growing seasons, respectively. Overall, the highest number of leaves
(5.3) were found in seedlings treated with foliar application of dry yeast at a rate of 2 g L-1 in the second
season.

$! 
#-73)5--&/-)5,#--4,&)4---6.-64)-6#--,3&5/#--)--,7&-.63&))773&+)-&656.
,&..--5-*&6#-&43)5-#,&5/---76/67&5/#-)#65#
The mean values in the columns denoted by same letter(s) are not significantly different at 5% level
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$! 
#-#66-)5,66-.-#)5,,?7-&/-6.-64)-6#--,3&5/#)#&5.3-5+-,*?.63&))773&+)-&656.
,&..--5-*&6#-&43)5-#,&5/---76/67&5/#-)#65#
Means in the same column followed by the same letter(s) are not significantly different at 5% level
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$! 
47)+-6.*&6#-&43)5-##-,&5-&##-,?653-).)-))5,--54*-6.3-)<-#7-73)5-6.
-64)-6#--,3&5/#,&5/---76/67&5/#-)#65#
Means in the same column followed by the same letter(s) are not significantly different at 5% level

4 g L-1, followed by plants treated with foliar application of compost tea and amino acids (Figure 5).
While the lowest level of N content was found in the
control plants. The value of P contents ranged from
0.089 to 0.93% under different treatments (Figure 5).
The plants treated with the soil application of tea
compost contained the lowest P contents compared
to other treatments; whereas, the seedlings treated
with the foliar application of ascorbic acid at 250
g L-1 recorded the highest P contents. It is interesting
to note that variability in P contents of plant tissues
showed varying responses to different treatments.
However, the second-highest P contents were recorded in the foliar application of dry yeast at the rate
of 2 g L-1, followed by T3 treatment of the foliar application of compost tea. Thus, we may infer that foliar application of ascorbic acid (250 gL-1) and dry
yeast (2gL-1) had a greater impact on P content in the
seedlings tissues than soil application.
Furthermore, it may be also be concluded that
the mean K contents in the plant tissues of all studied
treatments ranged from 2.19 to 3.59%. All the stud-

3667?33 +65--5- Mean chlorophyll contents ranged from 26.7 to 33.5 SPAD in the various
treatments during the first season (Figure 4). Although the chlorophyll contents varied among different treatments, the differences between the treatments were not significant. This implies that none of
the treatments was effective on the chlorophyll contents of the seedlings. During the second season, the
chlorophyll contents ranged from 27.0 to 34.1 as a
response to the applied treatments. Nonetheless, the
trend in the second cropping season was similar to
that observed for the first season. Thus, we may conclude from our observations that the application of
bio-stimulants could not affect the chlorophyll contents of tomato seedlings.
&-6/-5 4 +65--5- It was observed that
the concentrations of the macronutrients (i.e. N, P
and K) were significantly affected by the bio-stimulants used in this study. Nitrogen contents in the tomato transplants ranged from 4.36 to 5.44%, with the
highest N level was found in seedlings treated with
the foliar application of dry yeast at the rate of
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ied treatments showed significant effects on K contents. The highest K contents were found during the
foliar application of dry yeast at the rate of 2 g L-1 as
compared to the lowest values in the control plants.
The differences in K contents were not significant
between T2 and T7 treatments, while it was significant among all other treatments. Overall, the obtained data revealed that the application of dry yeast
was more effective on the mineral composition of the
plants, which may be attributed to its effect on plant
physiological processes. The application of dry yeast
proved effective and useful in increasing the concentration of essential macronutrients in growing plants.

-6>&,)#- +-&<&-? A positive correlation
was found between the peroxidase activity and various treatments during this study Figure 6). It is observed that the peroxidase activity was ranged between 0.094 for the control treatment and 0.122 for
the foliar application of amino acids at the rate of 200
mg L-1. The values of the various treatments presented significant differences at the 5% level. The T1
and T7 were insignificantly different, yet they differed significantly from other. The T4 treatment
(amino acid at 200 mg L-1) with the highest value
was significantly different from other applied treatments. This suggests that peroxidase activity responds differently to the applied bio-stimulants.

$! 
#-#&43)-&<--..-+-#6.#-,&-,*&6#-&43)5-#65--+3667?33+65--5-&53-)<-#6.-64)-6#--,3&5/#
,&5/---76/67&5/#-)#65#
Means in the same column followed by the same letter(s) are not significantly different at 5% level

$! 
#- 4+65--5-&53-)<-#6.-64)-6#--,3&5/#)#&47)+--,*?#-,&-,*&6#-&43)5-#,&5/--#-+65,
/67&5/#-)#65
Means in the same column followed by the same letter(s) are not significantly different at 5% level
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$!
#-7-6>&,)#-)+-&<&-?&53-)<-#6.-64)-6#--,3&5/#)#&47)+--,*?#-,&-,*&6#-&43)5-#
,&5/--#-+65,/67&5/#-)#65
Means in the same column followed by the same letter(s) are not significantly different at 5% level

like silicon and selenium, beneficial fungi and bacteria [55]. There are various worldwide efforts to use
organically derived products, like compost tea, to
improve the sustainability of crop management [56,
57, 16]. Previous studies indicated that compost tea
significantly increased plant growth and yield [58,
22]. It is suggested that the supra-molecular organic
structures contained in the compost tea might be involved in the inductive processes of bio-stimulation
including auxin-like activity [59]. Additionally, it
can improve plant health due to its essential elemental contents or due to its ability to add chelated
nutrients for easy plant absorption. Compost tea can
also be applied to the plants to get benefits in terms
of enhanced protection from the pathogens or to improve plant physiological status [60, 61, 22].
Our results corroborate with the previous studies that the yeast extract increased the growth parameters of tomato seedlings (Figures 1-3). The reason
might be that the yeast is a natural source of cytokinins that stimulate plant growth and synthesis of proteins and nucleic acid [62, 63]. Thus, many research
experiments concluded that the foliar application of
yeast extract significantly increased the growth of
many cultivated crops such as cucumber [64, 62, 65,
66]. Our results further support Ahmed [19] and Morales-Corts et al. [61], who found that foliar application of dry yeast extract improved plant growth and
yield. Csambalik and Tóbiás [67] reviewed 71 studies regarding the efficacy of yeast on plants. They
concluded that there are positive effects of foliar application of yeast extracts on plant growth and nutritional values in ~38 plant crops. The literature review revealed that the cytokinins and vitamins are
the key components of yeast extracts responsible for
their effectiveness [12, 19].
Amino acids are an important group of plant
bio-stimulants derived from protein hydrolysates
and other N-containing compounds [55]. These

Nowadays, it becomes mandatory to allocate
environmental friendly entities that withstand agricultural production and preserve environmental
safety [42]. Therefore, scientists are turning their research focus towards bio-stimulants to improve plant
nutrition [43, 44, 45, 46, 47] for better growth and
yield [26, 48, 49, 50] to ultimately achieve a sustainable agriculture product [51]. The bio-stimulation
process can be defined as a promotion of plant
growth using different compounds, which may have
the ability to enhance the plant growth in general including root dry matter and root length [52]. This
sustainable approach may be achieved using several
agrochemicals and sustainable bio-stimulants. The
intensive use of agrochemicals should be reduced to
protect the environment, whereas the use of sustainable bio-stimulants is still a desired approach for increasing the productivity of crops [53]. These biostimulants are emerging products that may enhance
the production of cultivated crops and represent an
innovative and promising strategy for ameliorating
the stressful environments [54]. Therefore, this research work focused to use plant based bio-stimulants to improve tomato seedlings growth. The results of this study showed that all bio-stimulants significantly affected various growth parameters, including seedling height, fresh and dry weight of
shoots and roots, leaf area, number of leaves per
plant, stem diameter, leaf area, NPK and peroxidase
activity of tomato seedlings. Contrarily, treatments
had no significant effect on the chlorophyll contents.
Among the various treatments, foliar application of
dry yeast at the rate of 2 mg L-1 and compost tea increased seedling growth parameters as compared to
the control and other treatments.
The plant bio-stimulants could be classified
into the main categories humic substances, protein
hydrolysates and other N-containing compounds like
amino-acids, seaweed extracts and botanicals, chitosan and other biopolymers, inorganic compounds
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amino acids have distinguished roles in plants development by improving the plant growth and its ultimate yield [68] and protect the plants from specific
pathogens [69]. Additionally, many researchers
stated a positive effect of amino acids on the plant
physiology [37, 70]. It is also revealed that foliar application of amino acids, at a suitable time and concentration, had positive effects on physical and
chemical properties of broccoli transplants due to its
role in the metabolism of the plant. Furthermore,
Rafie et al. [71] observed that applying amino acids
as a foliar treatment significantly affected plant
growth as well as plant chlorophyll contents.
In the current study, the effects of plant biostimulants (i.e., amino acids, dry yeast extract and
compost tea) on the growth and quality of harvested
tomato transplants were evaluated. It could be argued that the positive results were due to the beneficial effects of different plant bio-stimulants, which
differ from compost tea to amino acids, during this
study. The commonly known mode of action of the
plant bio-stimulants include enhancing and inducing
many beneficial cellular, physiological and biochemical processes in plants [55]. These processes
may involve the uptake of nutrients and the nutrient
use efficiency [11] as well as physiological and agronomical aspects related to the overall crop performance. This may include a cellular mechanism (i.e.
interaction with cellular components) and environmental benefits due to changes in product quality,
yield and agro-ecosystem services [55].
The production of tomato seedlings in a healthy
and strong environment is one of the most important
agricultural practices particularly in organic farming. Several recent studies investigated the plant
growth response under different environmental conditions [72, 73], but a few investigations focused on
crop production using plant bio-stimulants [74, 52].
Our results confirmed the potential of some organic
bio-stimulants to produce healthy tomato seedlings.
These bio-stimulants had distinguished effects on
the growth and productivity of tomato seedlings because of the separated or combined impact of amino
acids, organic acids, humic acid, and others to improve the plant growth through impacting the function of different physiological and biochemical processes in plants [52]. These effects may include also
the stimulating and increasing of plant vegetative parameters such as root and shoot growth because these
bio-stimulants are rich in phytohormones, macroand micro-nutrients [75]. These nutrients are essential components during plant cell division and the remobilization of nutrients during the plant growth
[74]. The current study was an attempt to investigate
different effects of some organic bio-stimulants (i.e.,
the yeast extract, amino acids and compost tea) comparing with the ascorbic acid as an organic stimulant,
on the growth, NPK content and peroxidase activity
in leaves of tomato seedlings.

 $" 

The present results are significant in at least
three organic plant bio-stimulants (i.e., amino acids,
compost tea and dry yeast extract). These results
may indicate that the studied organic bio-stimulants
can enhance and produce desired commercial transplants of tomato. The production of healthy and safe
food is one of the greatest challenges to crop production in the world. The organic bio-stimulants are a
promising solution to overcome this serious problem. The production of tomato seedlings using the
organic bio-stimulants (i.e., amino acids, compost
tea and dry yeast extract) may guarantee a safe and
healthy tomato production. It can be concluded that
bio-stimulants could improve tomato seedling
growth parameters compared to the untreated seedlings. The foliar application of yeast extract at the
rate of 2 g L-1 and compost tea recorded the best results for most of the studied growth characters of
seedlings. Nevertheless, the highest of peroxidase
activity was obtained under the foliar application of
amino acids at the rate of 200 mg L-1. Studied biostimulants could be used in organic agriculture as alternatives to the extensively applied agrochemicals.
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photonic source [2]. Over the past decades, heterogeneous photocatalysis have been received enormous attention as for destruction of persistent organic pollutants [3]. However, the practical application of traditional semiconductor photocatalysts, e.g.
TiO2, ZnO, are limited by their weak visible light adsorption due to their wide band gaps [4].
Recently, silver-based photocatalysts (SBPC)
as promising visible light-driven photocatalysts have
aroused much interesting due to their excellent photocatalytic and photochromic activity, strong visible
light responsibility and potential applications [5, 6].
However, most of SBPC easy suffer from poor stability because of photochemical corrosion. Design
heterojunction, increasing specific surface area, enriching pore structure, regulating morphology, controlling crystal facets, and producing plasmonic effects were considered as the effective strategies to
improve the photocatalytic performance of Ag-based
photocatalyts. Moreover, combining the superior
properties of carbon materials (e.g. carbon quantum
dots, carbon nano-tube, carbon nanofibers, graphene) with Ag-based semiconductor could produce
highly efficient composite photocatalyst [4].
In this work, RGO is as the support for the separation and transfer of the photogenerated charge
carriers [7-9]. A ternary plasmonic visible-lightdriven photocatalyst Ag/Ag2WO4/RGO (AAR)was
successfully prepared through a facile and effective
hydrothermal method. The photocatalytic activity of
AAR was evaluated by the degradation of methylene
blue (MB) dye. The results show that the as-prepared
hierarchical AAR photocatalyst exhibit excellent
photocatalytic activity under visible light irradiation.
A possible mechanism for the transfer of photogenerated carriers was also proposed.


!'% &"!'#&

!-=1;5-6<Potassium permanganate (KMnO4),
lead acetate (Pb(AC) 2·H2O), hydrogen peroxide
(H2O2), sodium tungstate (Na2WO4), nitrate (HNO3),
sodium nitrate (NaNO3), silver nitrate (AgNO3),
concentrated sulfuric acid (H2SO4),hydrochloric

&'%'
In recent years, photocatalysts focuses on narrow band gap semiconductors has attracted much attention in pollutants degradation due to its efficient
degradation rate. Among the reported photocatalytic
materials, Ag-based semiconductors as promising
visible light-driven photocatalysts have aroused
much interesting due to their strong visible light responsibility. In current work, a ternary plasmonic
visible-light-driven photocatalyst Ag/Ag2WO4/RGO
(AAR) was successfully synthesized through a facile
and effective hydrothermal method. The prepared
AAR photocatalysts were characterized by X-ray
diffraction pattern (XRD), Fourier transform infrared spectra (FT-IR), raman spectroscopy, field emission scanning electronmicroscopy (SEM) and ultraviolet-visible (UV-vis) diffuse reflectance spectroscopy (DRS). It was found that the AAR exhibited superior photocatalytic activity to bare Ag2WO4 under
visible light irradiation. The photocatalytic degradations of methylene blue (MB) dye pollutant over
AAR photocatalyst were investigated. The significantly enhanced photocatalytic activity and stability
of AAR photocatalyst could be attributed to the excellent electron-accepting and transporting properties of reduced graphene oxide (RGO). The possible
mechanism of photocatalytic activity enhancement
was proposed.


,*#%&
Visible-light photocatalyst, Ag-based material, photocatalytic performance
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At present, the global environmental and energy problems become more and more serious. environmental pollution problem becomes more and
more global challenge owing to the increased industrialization and human population [1]. Photocatalytic
is a green technique of utilizing catalyst that is used
for stepping up chemical reactions that need a
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$49=9/-=-6A=5/ -/=5?5=A 71-<>;1718= The
photocatalytic activity of AAR photocatalyst was
evaluated by the degradation of dye (MB) aqueous
solution under visible-light irradiation. 50 mg photocatalyst was added to 100 mL 1.0×10-5 mol·L-1 dye
solution under magnetic stirring. The light source
was a 250W metal halide lamp equipped with wavelength cut off filters for λ=420 nm. The photocatalytic activity of the prepared samples was performed
at ambient temperature [11]. The suspensions were
stirred in the dark for 30 min to reach adsorptiondesorption equilibrium. After visible light irradiation, the powder was then separated by centrifugation, and the concentration of dye was determined by
measuring the absorbance (465 nm) using an UV2450 spectrophotometer. The removal efficiency of
dye was calculated and photocatalytic process was
modeled using pseudo first-order kinetics equation
according to the following Equations (1) and (2): 

acid (HCl) and sodium bicarbonate (NaHCO3) were
purchased from Aladdin Chemical Reagent Co., Ltd.
Methylene blue (C16H18ClN3S, w=319.86 g mol-1,
MB) was purchased from Shanghai Chemical Reagent Co. Ltd.
$;1:-;-=598 92 33 *# %# =1;8-;A
:6-<7985/ :49=9/-=-6A<= % Graphene oxide
(GO) nanosheets were prepared according to the
modification of Hummers’ method from natural
graphite [10]. GO (120 mg) was added to ultrapure
water (120 mL), and then was sonicated for 3 h to
obtain a GO aqueous suspension. A certain amount
of GO aqueous suspension was added to AgNO3
(0.12 mol·mL-1, 25 mL) and stirred for 2 h to ensure
the adsorption of positively charged Ag+ onto the
surface of negatively charged GO via electrostatic
interaction. Afterwards, Na2WO4 solution (10 mL,
0.10 mol L-1) was added dropwise to the mixture and
was stirred for 3 h. The resulting suspension was
sealed in a Teflon-lined stainless-steel autoclave,
heated at 160 °C for 3 h and cooled to room temperature. According to the dosage of GO in the samples,
the three products with different mass content of
RGO were prepared, and expressed as AAR1(6.0%), AAR-2 (12.0%) and AAR-3 (18.0%), respectively. The pure Ag2WO4 and Ag/Ag2WO4products were also prepared by the same method without
addition of GO.

(2)
ln(0/) = t
where  is the removal efficiency;  (mg·L-1) is the
initial concentration of original dye solution;  (mg·
L-1) is the dye concentration after light irradiation at
time (min). is the apparent rate constant.
The reusability is an important parameter of the
photocatalytic process. In order to examine the photocatalytic stability of the photocatalyst, AAR ternary plasmonic photocatalyst was filtered and
washed with distilled water several times, and dried
in a vacuum oven at 60 °C for 12 h. The AAR photocatalyst was repeated the above cycles for five
times under the same reaction conditions.
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$4-<1 -80 79;:49693A /4-;-/=1;5B-=598
XRD patterns of pure Ag2WO4 (a), Ag/Ag2WO4(b)
and AAR photocatalysts are shown in Figure 1.As
can be seen from Figure 1 (a),the diffraction peaks at
2θ = 30.34o, 31.58o, 32.86 o, 45.32o, 54.68o, 57.86o,
63.12o,65.96o,73.02o and 75.02o,can be assigned to
(002), (231), (400) , (402) , (233) , (352) , (004),
(214), (404) and (633) crystal planes of the cubic
phase of Ag2WO4 (JCPDS NO. 34-0061), which is
in agreement with previous reports [9]. From Figure
1(b-d), apart from the diffraction peaks of Ag2WO4
phase, the diffraction peak at angle 38.04◦is found,
which corresponds to the (111) plane of the metallic
Ag phase [JCPDS card 04-0783]. The results indicate that the existence of RGO does not affect the
growth of new crystal orientations of Ag/Ag2WO4,
and the AAR photocatalysts were successfully fabricated by the facile hydrothermal approach.
SEM images of RGO (a) and Ag2WO4 (b),
AAR-2 photocatalyst (c) are shown in Figure 2. As
can be seen from the Figure 2 (a), the RGO
nanosheets are curled and corrugated, which is

4-;-/=1;5B-=598 Fourier transform infrared
spectra (FT-IR) were obtained on a KBr pellet with
a Nicolet (USA) AVATAR 360 FT-IR spectrometer.
A minimum of 32 scans was signal-averaged with a
resolution of 2 cm-1 in the 4000-400 cm-1 range. Raman spectra were recorded on a DXR Smart Raman
spectrometer (Renishaw In Via) in the backscattering geometry with an excitation laser source (532
nm). UV-vis diffuse reflectance spectroscopy (DRS)
was carried out on a Hitachi UV-3010 UV-vis spectrophotometer. BaSO4 was as reference sample. The
photoluminescence (PL) spectra were carried out on
a Varian Cary Eclipse fluorescence spectrophotometer (Australia Varian co., LTD). Scanning electron
microscopy (SEM) was performed on a field emission scanning electron microscope (HITACHI
UHR FE-SEM SU8000, Hitachi, Tokyo, Japan)
with the samples sputter-coated with 10 nm platinum. X-ray diffraction (XRD) patterns of the AAR
were obtained on the Shimadzu LabX-6000. X-ray
Diffractometer (40 kV, 30 mA, λ= 0.154 nm) with a
Cu αradiation source at a scanning rate of 4◦/min
within the range of 5-80◦. The photocurrents were
measured with an electrochemical analyzer
(CHI660B, CHI Shanghai, Inc.). The Brunauer-Emmett-Teller (BET) specific surface areas (SBET) of
the samples were carried out on the basis of nitrogen
adsorption and desorption isotherms (Micromeritics
ASAP 2030 nitrogen adsorption apparatus, USA).
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consistent with the previous report [12]. From Figure
2(b), it is found that the surface ofAg2WO4is relatively smooth without any secondary nanostructures
and has a regular particle morphology with an average size of 150 nm in diameter and 20 μm in length,
indicating a high uniformity of the rod-like morphology. As can be seen from SEM image of the AAR-2
photocatalyst (Figure 2c), the surface of Ag2WO4 nanorods is rough due to many spherical Ag nanoparticles are formed. Moreover, it seems that large
amounts of Ag/Ag2WO4 particles are distributed on
the surface of RGO sheets, indicating a good loading
between Ag/Ag2WO4 and RGO. SEM images illustrate the transparent properties of the RGO substrate,
where the RGO retains its two-dimensional thin
sheet structure with wrinkled regions after loading of
the Ag/Ag2WO4. This structure might provide
enough contact surface area between the RGO sheets
and Ag/Ag2WO4 particles and also presumably facilitate charge-carrier transport. The 2D-projected elemental mapping (Figure 2d) demonstrates the distribution of these elements (Ag, W, O and C) throughout the AAR-3 sample.

dimensional hexagonal lattice, as well as the defects
and disorder carbon in the graphite layers, respectively [9]. The sharp peak located at about 881 cm-1
are observed in spectrum of pure Ag2WO4 and AAR
photocatalyst (Figure3 b and c), which is attributed
to the WO42- symmetric stretching vibration. The obtained Raman spectrum result of AAR indicates that
AAR photocatalyst was successfully obtained.
FT-IR spectra of GO (a), RGO (b), Ag2WO4(c),
AAR-1 (d), AAR-2 (e) and AAR-3 (f) are shown in
Figure 4. It is clear that the GO (Figure 4 a) shows
many strong absorption peaks, corresponding to
some functional groups, such as the OH stretching
vibration (3370 cm-1), the C=O stretching vibration
(1732 cm-1) and the stretching vibration of sp2 hybridized C=C bond (1616 cm-1). After hydrothermal
treatment of the GO, the intensity of all absorption
peaks corresponding to oxygen functional groups
(C=O, O-H, C-O-C, C-O-H, and C-O) have significant decrease (Figure 4 b), which further demonstrates the effective reduction of GO to RGO by the
hydrothermal method. For pure Ag2WO4 (Figure 4
c), the peak at around 825 cm-1 has an absorption
maximum, which contains octahedral WO6 units. In
the case of the AAR photocatalysts (Figure 4 d-f),
the characteristic bands for Ag2WO4 still remain, but
two new absorption peaks emerge at 3375 and 1569
cm-1, which are attributed to the stretching vibration
of O-H and the skeletal vibration of the graphene
sheets. Therefore, the above results further confirmed the reduction of GO and the successful preparation of AAR photocatalysts.

%-7-8<:1/=;--80'%/4-;-/=1;5B-=598
Raman spectra of pure Ag2WO4(a), RGO (b) and
AAR-3 photocatalyst (c) are shown in Figure 3. As
shown in Figure3 (a and c), two observably peaks at
about 1330~1340 and 1580~1593 cm-1 are defined
as D band and G bands of RGO in the spectra of pure
RGO and photocatalyst, corresponding to the
E2gphonon of sp2-bonded carbon atoms in a two
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261/=-8/1/4-;-/=1;5B-=598PL spectra are useful to
disclose the migration, transfer, and recombination
processes of the photogenerated electron-hole pairs
in semiconductors. In general, the lower PL intensity
indicates a decrease in the recombination rate of photogenerated charge carriers. The better separation of
photogenerated electrons and holes in the AAR photocatalyst is confirmed by PL emission spectra of
single Ag2WO4 and AAR photocatalyst; and PL
emission spectra of bare Ag2WO4 (a), AAR-1 (b)
and AAR-3 (c) photocatalysts recorded with an excitation wavelength at 363 nm are shown in Figure

5. As can been from Figure 5, the strong emission
peak of the bare Ag2WO4 is located at about 496 nm,
which could be attributed to a band-to-band emission. Compared with single Ag2WO4, the emission
peak intensity of the AAR photocatalysts decrease
moderately, indicating that the recombination of
photogenerated charge carriers is suppressed. The
result of PL verifies that the AAR photocatalysts
could effectively separate photogenerated electronhole pairs.
The optical absorption properties of the as-prepared samples are examined by UV-vis diffuse reflectance spectra since the optical absorption
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II shape, as defined by IUPAC classification, associated with a non-porous structure. The measured BET
specific surface area of the AAR-2 photocatalyst is
about 7.89 m2 g-1, which shows the relatively high
surface area compared to pure Ag2WO4 (1.36m2 g-1).
The BET specific surface areas of AAR-1 and AAR3 photocatalysts are 2.88 and 8.99 m2 g-1, respectively. Meanwhile, the corresponding pore volume
distributions of both samples were calculated by the
BJH method from the adsorption branch of the isotherms. As shown in the inset of Figure 7B, both of
products contain large mesopores with an average
pore size of 17.22 nm and 18.45 nm, respectively.

$49=9/-=-6A=5/ -/=5?5=A The photocatalytic
oxidation activity of the prepared uniform AAR-2
photocatalyst was evaluated using MB as the model
pollutant. Photocatalytic activities(A) and pseudofirst-order kinetics (B) of as-prepared photocatalysts
for MB degradations are shown in Figure 8. For
comparison, the blank test was also conducted under
the same reaction conditions. As can been seen from
Figure 8A, negligible photodegradation of MB was
observed when no catalyst is added. About 26.5% of
the MB was respectively removed by pure Ag2WO4
after 180 min of visible light irradiation. Absolutely,
it can be seen that the photocatalytic activities of all
AAR photocatalysts are higher than that of the pure
Ag2WO4 and about 98.3% MB was removed by
AAR-2 in 180 min. However, with further enhancement of the RGO amount, the photocatalyst does not
possess higher photocatalytic performance. It may
be because of the formation of recombination centers
of photoinduced carriers in the bulk of the catalyst
[13] and shielding effect, which was that the further
increase of RGO would wrap the Ag2WO4, and then
reduce the contact surface of Ag2WO4 particles.
Moreover, a higher mass ratio of RGO in the composites is considered to increase the absorbing and
scattering of photons by RGO in the photoreaction
system, leading to a decrease in the absorption efficiency of light for Ag2WO4 particles.

behavior of a photocatalyst was essential for its photocatalytic activity, and the results are shown in Figure 6. As shown in Figure 6A, the absorbance edge
of Ag2WO4 is appeared around 400 nm; and the AAR
photocatalysts exhibit broad absorption in the whole
visible region and its absorption intensity is strengthened. This is mainly because introduction of RGO
leads to an obvious enhancement of background absorption in the range of 500-800 nm. Compared to
pure Ag2WO4, the AAR’ better light adsorption can
be attributed to the plasmonic effect of Ag nanoparticles formed on the surfaces of the Ag2WO4. In turn,
the utilization efficiency of solar light increases and
the photocatalytic activity enhances. In addition, the
optical band gap and absorption coefficient of semiconductor can be calculated by the following equation [6]:
( ) =( - ),
where , , ,  and  are the absorption coefficient, Planck’s constant, light frequency, band gap
and a constant, respectively. is a constant associated with different kinds of electronic transitions
( =0.5 for a direct allowed and =2 for an indirect
allowed). Therefore, we ascertained that Ag2WO4
microcrystal has a direct  . For pureAg2WO4, is
0.5, the band gap energy ( ) of Ag2WO4 is 3.07 eV,
estimated from the intercept of the tangent to the plot
of ( )1/2vs radiation energy ( ), from Figure 6B.
Also, the band gap of AAR-2 sample is about 2.06
eV. This observation indicates that the introduction
of RGO narrows the band gap of Ag2WO4. Therefore, the formation rate of electron-hole pairs on the
photocatalyst surface/interfaces also increases substantially, resulting in the better catalytic performance.
' 4-;-/=1;5B-=598 To further obtain the
pore size distributions and specific surface area of
the prepared samples, N2 adsorption-desorption
measurements were performed. N2 adsorption-desorption isotherms (A) and pore-size distribution (B)
curves of Ag2WO4 (a) and AAR-2 (b) are sown in
Figure 7. As can be seen from Figure 7A, the isotherms of Ag2WO4and AAR-2 composite have type
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the close interfacial contact, the photogenerated
electrons on the conduction band (CB) of Ag2WO4
could be effectively transferred to the RGO sheets.
These synergistic interaction between the SPR of
metallic Ag and the field around Ag2WO4 can force
the photogenerated electrons in Ag nanoparticles under visible-light irradiation to produce photogenerated electron-hole pair separation and photogenerated charge transfer. Therefore, the formation rate of
electron-hole pairs on the sample increases substantially, exhibiting excellent photocatalytic performance. Moreover, high surface area RGO sheets offer more active adsorption sites and photocatalytic
reaction sites, which also favor improved photocatalytic activity. According to these results, one important conclusion can be drawn, that is, when discussing the effect of introduction graphene or RGO
on the photocatalytic activities of semiconductor
particles, the results should be analyzed on the basis
of specific reactions.


#" (&#"

The linear relationship between ln0/ and of
the as-prepared AAR is shown in Figure 8(B), which
confirming that the photodegradation reaction of
MB dye is fitted pseudo-first-order. According to
Eq. (2) and Figure 8(B), the pseudo-first-order rate
constant of photodegradation are 0.00189 min-1,
0.00329 min-1, 0.0247 min-1 and 0.00463 min-1 for
pure Ag2WO4, AAR-1, AAR-2 and AAR-3, respectively. Clearly, the AAR-2 reveals the highest value
with k of 0.0247 min-1, which is found to be about
13.07 times higher than that of Ag2WO4. The stability of a photocatalyst is important for its assessment
and application. Recycling experiments were performed to check the stability of photocatalyst. Comparison of photocatalytic performance within 5 cycles for Ag2WO4 and AAR photocatalyst under the
same experimental condition is shown in Figure 9.
As can be seen from Figure 9, the degradation of
photocatalyst has no observable change even after 5
recycles. The results indicated that the prepared photocatalyst has an excellent reuse performance.

'41 :9<<5.61 71/4-85<7 According to the
above results, a proposed mechanism is shown in
Figure 10. Under visible light irradiation, plasmonexcited Ag nanoparticles and Ag2WO4canproduce
photogenerated electrons and holes. The photogenerated holes (h+) and electrons (e−) transfer to the
surface of Ag2WO4 and then drive photocatalytic oxidation reactions. O2−• radicals are produced by the
reduction of O2 molecules adsorbed on the catalyst
surface by the photogenerated electrons. In addition,
the reaction of H2O and active holes generate ·OH,
and both O2−• and ·OH radicals can degrade organic
dyes effectively. Due to the introduction of RGO and

In summary, a series of AAR photocatalysts
were successfully via a hydrothermal method, and
characterized by using XRD, SEM, Raman,
Brunauer-Emmett-Teller, photoluminescence, FTIR and UV-Vis DRS. The prepared AAR photocatalyst exhibited superior photocatalytic activity and
stability to bare Ag2WO4 under visible light irradiation. Among the prepared AAR photocatalysts, the
AAR-2 showed the best photocatalytic activity despite degradation of MB. AAR-2 reveals the highest
value (0.0247 min-1), which was found to be about
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13.07 times higher than that of Ag2WO4. Within 5
cycles for the prepared photocatalysts under the
same experimental condition, the degradation of
photocatalyst has no observable change. The AAR
photocatalyst with excellent photocatalytic performance and enhanced stability could find promising
applications in solving environmental protection issues. In conclusion, this work not only promoted the
development of Ag-based photocatalyst for practical
applications, but also provided a high-efficiency
method to synthesize RGO loaded AgandAg2WO4
with the excellent photocatalytic performance for actual produce.
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will study the sedimentary facies types and distribution laws of the Fourth member of the Shahejie
Formation on the southern slope of the Dongying
Sag in order to effectively guide the further exploration of the area.

The Dongying Sag is located in the southeastern part of the Jiyang Depression in the Bohai Basin. It is a braided fault-depression lake basin developed in the Mesozoic and Cenozoic, and is an
important oil and gas exploration area. The following results were obtained: the planar distribution
characteristics of sedimentary facies and sedimentary systems in the Fourth member of Shahejie
Formation in the study area were clarified; based on
the analysis of the phase markers of the study area,
alluvial fans and deltas were mainly developed on
the southern slope of the Dongying Sag during the
sedimentary period of the Fourth member of the
Dongying Sag. The sedimentary facies types such
as fan delta and beach dam; through the analysis of
thickness and percentage of glutenite, rock type and
rock color, the distribution characteristics of sedimentary systems in the sub-sector of the Fourth
member of Shahejie Formation are obtained; Alluvial fan deposition, pure lower, pure upper section
mainly develops shallow lake beach dam deposits.
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The Dongying sag is a typical representative
of the continental fault-shaped faulted basin in
eastern China. It has an asymmetrical complex
semi-mantle form of the west Shandong, and belongs to a third-order structural unit in the Bohai
Basin. The Mesozoic and Cenozoic fault depressions developed by the tectonic movement on the
paleotopographic background of the Paleozoic
bedrock—the depression basin. In the late Mesozoic to early Tertiary, the Chennanda fault activity in
the northern part of the depression was strong and
the drop was large; the southern fault activity was
weak, and the drop was small, forming a sloping
fault-shaped depression basin in the north steep
south (Fig. 1).
The Dongying sag develops the Taiguyu,
Paleozoic, Mesozoic, and Cenozoic strata. The
study is located in the Fourth member of the
Shahejie Formation of the Paleogene in the southern slope. It mainly develops sandstone and oil
shale. According to the sedimentary characteristics
of the strata, it can be further divided into the lower
part of the Shahejie Formation and the upper part of
the Shahejie Formation, and the upper part of the
Shahejie Formation can be divided into the upper
part and the lower part.
In the research process of the thesis, the main
methods used are core observation, analytical test,
theoretical analysis and other methods [6-9].
Through the observation of the core, the macroscopic characteristics of rock, color, structure and
structure are grasped [10-13]. At the same time,
thin slices, scanning electron microscope and other
means are used. Observe the microscopic features
at high resolution. The sedimentary system of
Shahejie Formation was identified by rock logging
curve, and the petrological characteristics and rock
grain size characteristics of Dongying Sag were
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Dongying Sag, Shahejie Formation, logging curve, sedimentary characteristic
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The gentle slope zone in the southern part of
the Dongying Sag accounts for about one-sixth of
the total sag area. After more than 30 years of exploration, the proven oil geological reserves are
nearly 50 million tons, but due to the increasing
exploration level, especially with large structures
[1-3]. At the end of the oil and gas exploration
stage, the difficulty of exploration work has gradually increased. The oil-bearing content of the Fourth
member of the Shahejie Formation in the southern
slope of the Dongying Sag is rich, but the Fourth
member of the Shahejie Formation faces technical
problems such as lack of stratigraphic contrast
marks, complex tectonic fault systems, and unclear
sedimentary reservoirs [4-5]. Therefore, this paper
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obtained, and the sedimentary facies types in the
study area were divided.

The main rock types in the area are: conglomerate, glutenite, sandstone, sandy mudstone, mudstone, shale, carbonate rock, basalt and so on.
Among them, the mudstone content is the highest,
followed by sandstone and conglomerate. In different intervals, the proportion of each rock is different due to the different sedimentary background
and sedimentary system development (Fig. 2).
Sandstone in the Fourth member of the
Shahejie Formation is common, mainly feldspar
sandstone and lithic feldspar sandstone, as shown in
Figure 3. From the rock composition, the quartz


!"$#"

"-,&5-6;)9?8):-5)93=Phase markers are
some of the markers that reflect the sedimentary
facies [14, 15, 16]. They are the basis for phase
analysis and lithofacies palaeogeography. They
include lithology, paleontology, geochemistry, and
geophysical phase markers.
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is better; the overall suspension component is relatively developed, the content is about 20%, and the
overall composition of the jump component and the
suspension component are intersected [20-21]. The
point is at 40% (Fig. 4C). It is mainly developed in
the sedimentary facies of delta, fan delta, alluvial
fan and so on.

#?8&+)4 ;9--;:;)/-= It consists of straight
line segments of three modes of rolling, jumping
and suspension. The grain size interval varies greatly (1-8%), and the overall sorting is poor. The total
volume of rolling is small, less than 5%, the slope is
small, and the sorting is poor; the overall content of
the jump is higher, the slope is larger, the sorting is
better, and the overall jump point of the jump is 34%. The overall content and slope of the suspension
are small and the sorting is poor (Fig. 4D). In the
study area, there are sedimentary sand bodies such
as turbidity sediments, fan triangle channel deposition, and beach dam deposition.

#>7;78 +4&8;:<:8-6:&76= Consists of two
jumps and a total of one suspension. The content of
the jump sub-population is higher, the slope is similar (50% - 70%), the sorting is better; the overall
suspended content is lower, about 20%, the slope is
smaller, the sorting is poor, and the intercept point
of the jump is 3 -4% between (Fig. 4E). In the study
area, it can be seen in the sedimentation of the
beach dam and the sand deposits in the delta and
fan triangle fronts.

<4;&;:-/5-6;= Consists of rolling subpopulation, transition total, jumping sub-population
and suspension overall. The rolling sub-total content is less, the slope is larger, and the sorting is
better; the overall transition content is less, the
slope is lower, and the sorting is better [22-24].
Poor; the overall content of the jump is high, the
slope is larger, and the sorting is better; the overall
content of the suspension is above 20%, and the
sorting is poor (Fig. 4F). Such curves reflect the
characteristics of unstable gravity flow deposition.

content is between 7% and 65%, the average content is 45.8%; the feldspar content is between 2%
and 45%, and the average content is 34.3%, of
which potassium feldspar is slightly more. The
plagioclase; the distribution of cuttings in the range
of 2%-90%, the average content is 19.9%, among
which metamorphic rocks are mostly, followed by
magmatic rocks and sedimentary rocks; the cement
is mainly calcite and dolomite; the heterogeneous is
mainly. The argillaceous hetero group has an average content of 6.4%. Overall compositional maturity and structural maturity are moderate.

9)6<4)9&;?+)9)+;-9&:;&+:= The particle size
probability map of the sedimentary rocks in the
Dongying sag can be found. The particle size probability map of the Fourth member of the Shahejie
Formation can be divided into four types of particle
size probability types: one-stage, two-stage, threestage, and multi-segment. The slope of each straight
line segment can also be different. Further subdivided into high oblique, medium oblique, low
oblique and other types.

6-;:;)/-= The particle size interval is 1 to
8%. The sorting is poor. Most of the particles are
basically suspended and transported. Jump handling
and rolling handling are not developed (Fig. 4A),
reflecting the environmental characteristics of rapid
accumulation of debris under strong hydrodynamic
conditions [17-19]. This kind of particle size probability accumulation curve mostly reflects the gravity flow deposition under strong hydrodynamic
action.

7>;)6/4- ;>7;:;)/-= Consists of a jump
component and a suspension component. The jump
component has a low slope and poor sorting, and
the suspended component content is generally less
than 40% (Fig. 4B). Such curves reflect the sedimentary characteristics of the gradual weakening of
hydrodynamic conditions. High-inclined two-stage:
the total content of the jumping component is 80%,
the slope is greater than 50 degrees, and the sorting

$!)
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$838=0;$85)=35-;-9:=It is composed of gray
fine sandstone and siltstone. It consists of four
small-scale anti-cyclings with small grain size and
coarsening. It develops staggered bedding, horizontal bedding, wavy bedding, drainage structure and
other structures. The debris is abundant, and the
section is analyzed as the dam main microphase.

$85.;$855=0 5-;-9:= It is a large set of graygreen mudstone deposits. It develops block-like
bedding and occasionally carbon waste. It is judged
as shallow lake muddy sediment.

"&6/4- >-44 8):- )6)4?:&: 9-:<4;:= Fan 134
well (Fig. 5) all of which belong to the lower subsegment of Shahejie Formation, which are 28652865.7 meters, 2865.7-2872 meters, 2872-2877.5
meters.

$830;$830=0 5-;-9:= The lithology is graygreen mudstone, and the sedimentary structure is
less developed, which is presumed to be microfacies deposition in shallow lake mud.
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coarse and thin [30-31]. The fan root subphase is
poorly selected and the grain size is wide. The
particle size probability map is mostly a segmental
or arched type reflecting the gravity flow deposition. The fan-Asian phase appears as a two-stage,
low-slope multi-segment. Different sub-phases
have different characteristics on the log curve. At
the root of the fan, the natural potential curve appears as a medium-low-width tooth, box or funnel.
In the fan, it can be expressed as a funnel shape, a
box shape or a combination of a funnel shape and a
box shape. The fan ends are either low-profile or
low-profile (Fig. 6).

)6 ,-4;) 8):-= The fan delta is a special
type of delta, rather than a fan-shaped delta shaped
like a fan, which is formed after the alluvial fan
enters a stable water body. Its distribution position
is mainly near the edge of the basin, and it is often
accompanied by large fault zones in the same sedimentary period. Fan delta deposits are widely developed in the Fourth member of Shahejie Formation in Dongying Sag. The study area is located
in the southern part of the Dongying sag, and the
developed is a gentle slope fan delta.
There are various types of fan delta rocks in
the study area, such as coarse conglomerate, fine
conglomerate, sandstone, siltstone and mudstone.
The color changes are abundant, and deep red,
brown red, gray, dark gray and black ash can be
seen. In general, the grain size of the sub-phase
from the plain sub-phase to the front delta gradually
becomes thinner and the color gradually becomes
darker.

According to the main types of core phases
obtained, combined with the core logging data and
seismic data analysis [25-26], we divide the Fourth
member of the study area into alluvial fan facies,
fan delta facies, delta facies, beach dam facies.

44<=&)4.)68):-=The alluvial fan is usually
in arid climate, in the mountain-salt environment,
where the crustal movement is relatively strong,
and the products of weathering and erosion are
carried by mountain floods or rivers, where the
terrain is slowed down and debris is deposited.
Vertebrate or fan-shaped deposits. During the period of the Lower Fourth Member of Shahe in the
Dongying Sag, the basin was in the early stage of
rifting, and the climate was relatively dry [27-29].
The alluvial sedimentary system was generally
developed throughout the southern slope.
The alluvial fan lithology in the study area is
dominated by coarse-grained rocks such as conglomerate, glutenite, pebbly sandstone and coarse
sandstone, followed by extensive development of
red mudstone. The color is generally dominated by
red. Both structural maturity and mineral maturity
are poor. The bedding types mainly include block
bedding, tapered bedding, cross-layering, inclined
bedding, deformation bedding, etc., and other
common structures such as erosion-filling structure,
flame structure, load structure, and slump deformation, and sliding. The phenomenon of syngenetic
breccia, co-production faults, and mud and sand
produced by deformation. The overall grain size of
the alluvial fan from the root to the fan end is
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There are various types of bedding in the fan
delta, which can be seen in parallel bedding, block
bedding, wavy bedding, grain order bedding, crosslayering, etc. Other structures can be seen as scouring-filling structures, mixing structures, and bioturbation structures. Charcoal and planting chips are
common in the local area, and fish fossils, ostracods
and other organisms can be seen in the deeper water
sediments. The particle size probability curve is
versatile and is primarily controlled by complex
hydrodynamic conditions. The study area can be
seen in one-stage, multi-stage, two-stage and threestage, reflecting the sedimentary environment of
gravity flow and traction flow.
The micro-phases are obvious in the logging
phase. The box-shaped and bell-shaped combination of the micro-toothed water can be seen on the
water-like braided channel; the high-profile boxshaped and toothed box can be seen in the underwater split channel, and the bell shape and height can
also be seen.

-4;) 8):-= Delta deposits refer to a large
amount of slag deposits carried by rivers. Due to
the action of water bodies at rivers and lakes, the
water flow velocity is reduced due to the slower
slope, and the triangular deposits formed at the
estuary are formed into the top-to-shore.
The lithology is mainly composed of medium
and fine sandstone, siltstone, argillaceous siltstone,
silty mudstone, mudstone coal seam or peat layer
[32-34]. The structural types include parallel bedding, trough-like and plate-like staggered bedding,
lenticular bedding, veined bedding, wave-forming
sand stratigraphy, horizontal bedding, oblique
wave-like bedding, etc., and scouring, deformation,
and biology can be seen. Disturbance and other

structures.
Due to the difference in hydrodynamic conditions of different sub-facies in the sedimentary
facies, the particle size distribution characteristics
of different sub-phases are also different. From the
former delta subphase-leading subfacies-plain subfacies, the logging phase combination is a flat baseline-funnel-box-bell-tooth shape, reflecting the
characteristics of the delta deposition.

-)+ ,)5 8):-= The beach dam sedimentary system is mainly developed in a place with
small differences in paleo-topography, abundant
provenance and continuous wave action. It is a
common and important type of sedimentary system
in the shallow slope zone of the continental lake
basin. The study area is located in the south slope
of Dongying Sag. It developed bark dam deposits in
various periods in the Paleogene, especially during
the Upper Fourth Movement.
The lithology of the beach dam sandstone in
the study area is mainly composed of fine sandstone, siltstone, argillaceous siltstone, silty mudstone and mudstone, and contains almost no gravel.
The color is seen in light gray and grayish green.
The sedimentary structure is dominated by waveforming sand stratigraphy, and horizontal bedding
horizontal bedding, parallel bedding, wavy bedding,
trough-like staggered bedding, block bedding, and
bioturbation structures can be seen.
The overall feature of the particle size probability plot of the sediment is dominated by the jump
population and the suspended population. The logging curve is mostly characterized by a mediumhigh funnel shape, a box shape or a "spirp knife
shape" with a high abnormal amplitude (Fig. 7).

486

"!

 # 





    




$!5
)9)+;-9&:;&+:7.,)5;,)58):-47//&6/

 $" "

[3] Cao, H., Guo, W., Shan, X., Ma, L., Sun, P.
(2015) Palaeolimnological environments and
organic accumulation of the Nenjiang formation in the southeastern Songliao Basin.
China Oil Shale. 32(1), 5-24.
[4] Yang, T., Cao, Y., Friis, H., Wang, Y., Zhou,
L. (2018) Diagenetic evolution and chemical
changes of deep-water mudstones of Shahejie
Formation in the Dongying Sag, Jiyang Depression, eastern China. Marine and Petroleum
Geology. 93, 14-32.
[5] Fang, D., Zhang, J., Xie, J., Li, C. (2014) Fine
description of structure and sedimentary microfacies of Li32 block of Lijin oilfield, Dongying
Depression, China. Arabian Journal of Geosciences. 7(5), 1693-1704.
[6] Li, F., Li, W. (2017) Petrological record of
CO2, influx in the Dongying Sag, Bohai Bay
Basin, NE China. Applied Geochemistry. 84,
373-386.
[7] Chang, X., Wang, T., Li, Q., Cheng, B., Tao,
X. (2013) Geochemistry and possible origin of
petroleum in Palaeozoic reservoirs from Halahatang Depression. Journal of Asian Earth Sciences. 74, 129-141.
[8] Cao, J., Wu, M., Chan, Y., Hu, K., Bian, L.,
Wang, L., Zhang, Y. (2012) Trace and rare
earth elements geochemistry of Jurassic mudstones in the northern Qaidam basin, northwest
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[9] Fu, X., Wang, J., Zeng, Y.H., Tan, F.W., Feng,
X. (2011) Concentration and mode of occurrence of trace elements in marine oil shale
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(1) The main types of rocks in the Fourth
member of the Shahe Formation in the study area
are conglomerate, glutenite, sandstone, sandy mudstone, mudstone, shale, carbonate rock, basalt and
so on. In general, the mudstone content is the highest, followed by sandstone and conglomerate. The
sandstone is mainly lithic feldspar sandstone, followed by feldspar sandstone.
(2) On the basis of phase sign and single well
phase analysis, the main types of sedimentary facies
in the Fourth member of the Shahejie Formation in
the Dongying Sag are alluvial fan facies, fan delta
facies, delta facies. The deep lake is equal.
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researches attended on lipid production for biofuels,
algal fatty acids can be either an important ingredient
or additive for food processing. Algal species can
synthesis many polyunsaturated fatty acids (PUFA),
as eicosapentaenoic acid (EPA), docosahexaenoic
acid (DHA) and ɣ-linolenic acid (GLA). The main
polyunsaturated fatty acid of "45/6758$ sp. is GLA.
GLA has various functional, nutraceutical and pharmaceutical effects on human. After dietary ingestion, GLA is rapidly elongated to dihomo-ɣ-linolenic
acid (DGLA). DGLA is important for being metabolized to prostaglandins (PEG1), which has a various
physiologic effect, especially regulation of immune
system. Nutritionist noticed consuming foods rich in
GLA, can reduce the level of arachidonic acid (AA)
and increase the DGLA level, also GLA is used for
preventing some chronic diseases such as cancer, improving the triacylglycerol level in blood, blood
pressure, inhibiting the formation of pro-inflammatory leukotrienes and regulating of immune system
function [9].
Higher plants, algae and fungi are the natural
source of GLA. Although the commercial sources of
GLA are evening primrose ((8201(/$ %5(8853 .),
black current (!5%(3 85*/69) and borage (2/$*2 2)
)5&5$8$753 ) oils, fungi such as 2/05(/(77$ sp. and
69958*1$9(77$ sp., and algae such as "45/6758$
sp. are the sources with higher amounts of GLA
[10, 11].
The presented study evaluated the optimization
of GLA and total fatty acid accumulation of /01/2
345/$ ("45/6758$ 47$0(8353, depending on two factors, temperature (25-30°C) and nitrogen (nitrate)
concentration (0.5-3.5 g.L-1), in modified Spirulina
medium. Our aim is to enhance the GLA content of
 47$0(8353 for the potential use as a food ingredient.

$%#%

/01/2345/$ "45/6758$ 47$0(8353 belongs to the
class of phototrophic blue-green algae that are
widely cultivated in the world and irrigated in many
industries "45/6758$'s biomass has gained profound
importance in feed and food industries, due to its
high protein content, high unsaturated fatty acid containing gamma linolenic acid (GLA) and iron. Factors such as temperature, light, nutrient sources and
nutrient composition affect "45/6758$ cultivation significantly. The aim of this study was to optimize the
culture conditions for enhancing the GLA production from 47$0(8353. A central composite design
(CCD) was carried out for this response surface optimization. The predicted maximum biomass, lipid
and GLA content by RSM was determined as 0.511
g.L-1, 4.33 % and 23.350 %, respectively, whereas
the experimental maximum biomass, lipid and GLA
content of 0.513 g.L-1, 4.340 % and 23.790 % was
obtained after 15 days of cultivation. Optimum conditions for maximum GLA production by response
surface method were determined according to the results of the experiment and a temperature of 27°C
and a nitrate concentration of 0.41 g.L-1 were determined and validated.

)(!#$
Response Surface, Fatty Acid, γ (Gamma) Linolenic Acid,
/01/2345/$ "45/6758$ 47$0(8353



 %#!&%! 
/01/2345/$ 47$0(8353 "45/6758$ is the most
common cultivated and studied microalgae species
since its significant amounts of macronutrients as
proteins (up to 70%), carbohydrates, lipids, and micronutrients as essential amino acids and fatty acids,
vitamins, minerals and antioxidant pigments [1-5].
Many of these nutrients are noticed as bioactive
compounds because of having a potential to treat and
prevent many diseases. These bioactive compounds
easily react with protein structure, especially directly
DNA which make it potential for production natural
therapeutic products [6-8]. Although most of the


%#$ %!$

$=;+37+7.->5=>;/6/.3+ 47$0(8353 ("45/
6758$ were procured from Culture Collection of Algae at the University of Texas, Austin (UTEX). Cultures were maintained in Spirulina medium. The medium consist the following composition (g.L-1):
27.22 NaHCO3, 8.06 Na2CO3, 1.00 K2HPO4, 5.00
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NaNO3, 2.00 K2SO4, 2.00 NaCI, 0.40 MgSO4.7H2O,
0.08 CaCI2.2H2O, 0.02 FeSO4.7H2O, 0.16
EDTANa2 and micronutrient elements (0.001 g
ZnSO4.7H2O, 0.002 g MnSO4.7H2O, 0.01 g H3BO3,
0.001 g Na2MoO4.2H2O, 0.001 g Co(NO3)2.6H2O,
0.0005 g CuSO4.5H2O, were added 10 mL to 1 L
macronutrient solution) [12]. For experiments "45/
6758$ strains were cultivated in 100 mL autoclaved
growth media contained in 250 mL erlenmayer
flasks.
Precultures were inoculated to 500 mL, 1 L, 2
L and 10 L (Figure 1) respectively, with the inoculum rate of 2%. Experiments were performed with a
light-dark period of 14:10 hours and a light intensity
of 40 µmol photon.m-2.s-1. Cultures were aerated
with 2 L min-1 during growth period of 25 days and
harvested by filtration (20 µm mesh) and washed
three times with deionized water to eliminate medium salts. Obtained wet biomass was freeze-dried
at -60°C overnight to obtain dry biomass, weighed
and kept at -80°C for analysis.

data were analyzed through ANOVA to understand
the fitness of regression model with a confidence
level of 95%.


#$&%$

";/.3-=/.68./5+7.<=+=3<=3-+5+7+5B<3<The
response of the experiments was with respect to different experimental factor combinations is indicated
in Table 2. A satisfactory coefficient of determination was obtained for all studies, and the lack of fit
was significant (p<0.05).
The regression equation coefficients were calculated, and the data were fitted to a second-order
polynomial equation for biomass, lipid and GLA
content, respectively. The response of the metabolites produced by "45/6758$ could be described by
second-order polynomial equations (Eq.1, 2 and 3)
in term of coded values as;
529$33 *          
   
:   :
(1)
545'  ; ; ';    
     
    :   :
(2)
  ; ; 7545'          
    :  :
(3)
The statistical significance was checked by an
F-test and ANOVA for the response surface was
shown in Table 3 for biomass, lipid and GLA, respectively. The model was found significant for all
responses, due to the F-value of 5144.05 for biomass, 9887.30 for lipid and 325.19 for GLA. P-values less than 0.05 indicate that the model terms are
significant at 95% confidence level and in the presented study, model coefficients of the two variables
were significantly affected the biomass concentration, lipid content and GLA content. The Lack of Fit
F-values were not significant relative to the pure errors, intending that the model fitted well with the experimental data. By determining of coefficient ! 
which is signifying a variability of the response explained by the model the fitness of the model was
examined. ! were calculated to be 0.9997 for biomass, 0.9999 for lipid and 0.9957 for GLA. The adjusted ! of biomass, lipid and GLA were calculated
as 0.9995, 0.9998 and 0.9997, also the predicted !
0.9987, 0.9996 and 0.9784 were reasonable agreement with the adjusted ! 

7+5B=3-+5 6/=28.< Biomass concentration
was measured daily by optical density (OD) at 680
nm (Optizen-Pop UV-Vis spectrophotometer, Korean). Each sample was diluted to obtain an absorbance measurement between 0.1 and 1.0, where necessary.
Lipid extraction was determined according to
Folch et al. [13] and fatty acid profiles were measured by the method described by Sahin and Bayizit
[14].
A9/;36/7=+5./<317+7.<=+=3<=3-+5+7+5B<3<
Response surface methodology (RSM) was used to
optimize the lipid content, fatty acid composition
and GLA content of "45/6758$. NaNO3 concentration
and temperature were selected as experimental factors. A CCD method which is type of RSM was used
to determine the effects of experimental factors
(temperature and N concentration) by using Design
Expert software, version 11.0.5.0 (Stat-Ease, Inc.,
USA). The coded and actual design factors are given
in Table 1. The CCD used in present study was included two design factors with four axial points and
five central points, for a total of 13 runs (Table 2).
The ANOVA (analysis of variance) was used to determine the optimal culture conditions for maximum
GLA production of the biomass. The experimental
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300.46
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5144.05
1187.45
7565.69
2178.83
223.67
14787.43

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

significant
significant
significant
significant
significant
significant

1.69

0.3050

not significant

9887.30
881.68
2273.88
17214.54
9790.69
22667.45

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

significant
significant
significant
significant
significant
significant

0.3534

0.7904

not significant

325.19
62.69
5.13
23.01
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1207.12

< 0.0001
< 0.0001
0.0580
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< 0.0001
< 0.0001

significant
significant
not significant
significant
significant
significant
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7+5B<3< 80 ;/<987</ <>;0+-/ The optimum
level of each variable and their interactive effects
were given by 3D response surface. Figure 2a (biomass), 2b (lipid) and 2c (GLA) describes the interactive effects of temperature and NaNO3 concentration. The biomass content increased with the temperature around 27°C and 1.5 g.L-1 N concentration and
predicted to be increased with the temperature increasing to 30°C with a N concentration above 2
g.L-1. As expected, while the microbial lipid accumulates as the decreasing temperature and N concentration, "45/6758$ lipid accumulation was increased
the decreasing of the temperature to 25°C and concentration of N below 1 g.L-1. Shown in fig. 2c, the
GLA content was inversely affected by temperature
and N concentration. The predicted maximized GLA
content could be obtained by the lower temperature
and lower N concentration. The results from the
CCD experiments (Table 2) showed that the maximum GLA (%) with the biomass concentration of
0.2177 g.L-1 and the lipid content of 2.5124 % was

observed under the temperature of 25°C and NaNO3
concentration of 1.5625 g.L-1 (run no 7), where the
GLA yield was calculated as 1.3308 mg.g-1 and the
lipid as 5.4690 mg.g-1. However, the optimization
study indicated that maximum GLA yield with
3.4801 mg.g-1 and lipid yield with 13.8000 mg.g-1 at
the point of 27°C and 0.41 g.L-1 N concentration.
'+53.+=38780=2/68./5To validate the RSM
optimized model, confirming experiments in 2L bioreactors (Fig. 3) with the aeration of 2 g.L-1 were
carried out using the predicted culture conditions
(27°C and 0.41 g.L-1 NaNO3 concentration). Under
these cultivation conditions after 15 days wellagreed cultivation with the predicted model and observed experimental value of lipid and GLA content
were 13.80 mg.g-1 and 13.40 mg.g-1, 3.4801 mg.g-1
and 3.5200 mg g-1, respectively. Hence it was concluded that the model was validated successfully.
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conflict with each other, as at low nutrient concentration there is low microalgal biomass productivity
[32].
Tedesco and Duerr [22] reported a lipid accumulation of 7.02 % of dry weight, which was increased by nitrogen starvation. Similar to this, Seyhaneyildiz Can et al. [23,27] determined the lipid
content increasing with the decreasing of nitrate concentration. In the presented study, it can be clearly
mentioned that lipid content, which was achieved approximately as 5 % of dry weight, was increased by
the low nitrogen concentration with high temperature values. Vidyashankar [33] evaluated the growth
at 25°C under 30 µE.m-2.s-1 light intensity with of
16:8 h light cycling and reached a biomass concentration of 0.80 g.L-1 and a 23.77% of GLA content.
Considering the results, it is clear that long-term
light cycle is an effective parameter besides low nitrogen concentration and high temperature.
GLA is known as the main PUFA in "45/6758$
is found as the best source of GLA after breastmilk,
evening primrose and borage oils as it contains approximately 49% GLA [34]. GLA content, which is
linked to lipid accumulation, increase or decrease
due to culture conditions as, light intensity and cycle,
temperature and culture medium concentration [35].
Hirano et al. [36] demonstrated that the light:dark
cycle directly influenced the GLA synthesis, where
the 50% enhancement was obtained at the 1-week
dark cycle of the culture. Beside the effects of light,
Cohen et al. [37] suggested GLA content in the biomass can be maximized by the higher concentration
of biomass. Colla et al [26] stated that the higher
GLA can be reached at the culture temperature of
30°C, however another study [38] declared that
higher GLA at the temperature of 25°C. In the context of the previous observations, various nitrogen
sources affecting GLA production were ranked in
the following order: NaNO3>(NH4)2SO4>KNO3>
Urea. In the presented findings GLA content was
reached up to 3.5200 mg.g-1 at 27ºC and 0.41 g.L-1
nitrate concentration. It can be concluded that increased GLA production with optimum biomass and
lipid contents can be achieved by increasing the temperature to 27ºC and decreasing the NaNO3 concentration below 0.5 g.L-1 with a light period of 14-16 h
and a dark period of 8-10 h.
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Many types of environmental stress can
strongly influence the photosynthesis, growth, biomass production and lipid accumulation in all algae
species [15, 16]. Temperature is a significant factor
for biomass yield which varies according to microalgae strain. Extremely high and low temperatures
significantly affect the quantity of the biomass yield
and chemical composition. The change in growth
with decreasing temperature below 25°C beyond the
optimum has frequently been reported [17, 18]. It is
accompanied by a decrease in metabolic activities
and photosynthetic efficiency. Optimum growth
temperature for Spirulina have been stated between
35-37°C, and temperature below and above 20-40°C
retarded the growth [19,20]. Khazi et al [21] stated
that at temperature of 35°C biomass reached to 1.05
g L-1. Similar to Tedesco and Duerr [22], Seyhaneyildiz Can et al. [23] determined that 35°C determined
as the optimal temperature for biomass growth. Also,
higher temperature positively effects biomass concentration, lipid is affected inversely. As the temperature decreases, growth decreases, lipid content of
microalgae increases, and while the cultivation temperature increasing, the ratio of the sum of saturated
and monounsaturated fatty acids increased, and the
polyunsaturated fatty acids decreased [24]. That was
the reason of the chosen temperature range between
25 and 30°C.
The other most commonly studied factor is nutrient stress, especially nitrogen, carbon and phosphorus limitation [25-28]. Several researches have
proved that starvation or limitation of major nutrients as nitrogen, ammonium, etc., significantly increase or decrease lipid concentration and altered the
fatty acid composition within algae biomass of many
species [29-31]. Nutrient limitation is the most efficient parameter, with light intensity and temperature,
for an enhanced accumulation of lipid in single cell.
However, lipid content and biomass efficiency are in
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advanced treatment methods mainly include: coagulation method, adsorption method, advanced oxidation method, ultrafiltration and reverse osmosis
membrane treatment technology, through the depth
of the reasonable processing technology for coal
mining enterprises outside drainage for further processing, and considering regeneration recycle, such
not only can alleviate the water pressure, but also
zero emission of coal mine water can be achieved [69]. At present, the common methods of coal mine
sewage are mainly flocculation method and adsorption method [10-13]. Activated carbon is an adsorbent widely used in environmental pollution control
[14-17].
In the process of sewage treatment by activated
sludge method, a large amount of residual sludge is
generated. In addition to containing a large amount
of water, the residual sludge also contains refractory
organic compounds, heavy metals and salts, and a
small amount of pathogenic microorganisms and
parasite insect eggs, etc, and it is a kind of refractory
solid waste. Considering that sewage treatment
sludge contains rich organic carbon components, it
can be converted into activated carbon sludge under
appropriate conditions [18-20], which not only provides a new way of resource utilization for the final
disposal of sludge, but also produces an adsorbent
with lower cost than commercial activated carbon.
Supercritical water (T> 374.15°C, P> 22.12
MPa) can be used as reagents, acid-base catalysts or
unique environmentally safe solvents [21-24]. Due
to the reduction of hydrogen bond content, supercritical water has different characteristics, density
and dielectric constant from ambient water [25]. In
common SCWO processes, organic substances are
rapidly and thoroughly oxidized and formed into
small molecular substances such as CO2, N2, H2O,
and heterocyclic atoms are converted into corresponding acids or organic salts. The reaction occurs
in single-phase environments because both organic
substances and oxidants are soluble in supercritical
water. Therefore, the removal efficiency of organics
can be improved by more than 99.9% in less than a
few minutes, and there are no secondary pollutants
such as sulfur dioxide and nitrogen oxides. In addition, generally speaking, when the mass concentration of organic matter is higher than 2%, it can

 

Sludge activated carbon was prepared by using
wastewater treatment sludge as the main raw material and sulfuric acid as the activator. The physicochemical properties of sludge activated carbon were
characterized by specific surface area measurement
and scanning electron microscopy. Catalytic supercritical water oxidation was used to treat coal mine
sewage, and the effect of sludge activated carbon on
COD and chroma removal in coal mine sewage was
studied. The test results show that the removal rate
of COD and chromaticity of the activated carbon
prepared by the experiment decreases with the increase of pH, and increases with the increase of dosage. Catalytic supercritical water oxidation can effectively remove COD and chromaticity and reach
the national first-level A standard for comprehensive
wastewater discharge standards.

&  
Sludge Activated Carbon, catalytic, supercritical water oxidation, advanced Treatment, coal mine sewage



    
Coal is one of the main foundations of China's
economic development. China is now the world's
largest coal producer and consumer [1]. Coal mining
will generate a large amount of waste, accounting for
nearly 15% of coal production, posing a major threat
to the economy and the environment [2]. Coal mine
wastewater from coal cooking, gas purification and
by-product recovery processes is resistant to biodegradation, including large amounts of inorganic and
organic contaminants [3, 4]. In particular, the presence of high concentrations of ammonia and aromatics severely inhibits biological treatment, and the traditional activated sludge process cannot meet the
pollutant discharge standards of the national coking
industry [5].
If the coal mine sewage still fails to meet the
discharge or reuse standards after the traditional
treatment process, it must be treated by three levels,
namely, advanced treatment. At present, the
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concentration in the wastewater is 2200 mg/L, and
the color is 100 times.

  5)3?:&: 4-;6, In this experiment, the
potassium dichromate method was used to determine
the COD of the sewage, and the color of the sewage
was determined by the dilution multiple method.

-:; 4-;6,:   !9-7)9);&65 4-;6, 6.
:3<,/- )+;&=);-,+)9*65The sludge was dried to
reduce the moisture content to 9%, soaked and
stirred with 25% sulfuric acid solution for 48 hours.
Put it into the crucible with lid, and then put it into
the microwave oven for carbonization activation, set
the microwave power 500W, and maintain 240s.
Take out it after cooling, and soak it in hot water
above 70°C. At the same time, sulfuric acid can be
recovered. The activated carbon is then thoroughly
washed with hot water to a pH greater than 5. After
drying, it is placed in a desiccator for cooling, and
ground through a 100 mesh sieve to get activated
sludge and charcoal.

 ..-+;:6.,&..-9-5;,6:)/-65),:697;&65
0.2, 0.4, 0.6, 0.8 and 1g of activated sludge were respectively weighed and placed into 250mL conical
flask, and 100 mL of coal mine sewage was successively added. A water bath thermostatic oscillator
with a temperature of 323k was placed, which was
oscillated at a speed of 120 r/min for 12 h to achieve
equilibrium adsorption. Determine the removal rate
of COD and chroma in equilibrium solution.

 5.3<-5+-6.,&..-9-5;765),:697;&65
Six pieces of activated carbon sludge were prepared
by weighing and taking the experiment with a mass
of 0.6g, which were respectively placed in 250 mL
conical flask, and successively added in 100mL coal
mine sewage. PH was adjusted by NaOH, and a constant temperature water bath oscillator with a temperature of 323K was placed, which was slowly oscillated for 12h to achieve adsorption equilibrium
and determine the removal rate of COD and chroma
in the solution at equilibrium.

achieve heat self-sufficiency and recycle excess heat
to produce steam or hot water, thus reducing operating costs [26]. As a result, SCWO has a more promising future than some organic waste-water incineration. Supercritical water oxidation (SCWO) is a
promising wet waste treatment technology [27].
Above the critical point (P = 22.1mpa, T =
374.15°C), water has gas-like transport properties
and liquid-like solvent properties. Most organic and
non-polar inorganic molecules such as oxygen, nitrogen and carbon dioxide can be miscible with supercritical water. Therefore, refractory organics dissolved in supercritical water can be rapidly and completely oxidized. On the other hand, with the release
of heat in the SCWO process, this technology is also
used to store chemical energy in organic waste [28].
At present, there are few reports on the deep
treatment of coal mine sewage with activated sludge.
In this paper, activated sludge activated carbon is
prepared by chemical activation method with residual activated sludge of sewage plant as raw material,
and the removal effect of activated sludge activated
carbon on COD and chroma in coal mine sewage is
studied. The removal of COD and chroma from coal
mine wastewater by activated carbon sludge was
studied.

     

5:;9<4-5;:9-)/-5;: )5, )5)3?;&+)34-;
6,:   5:;9<4-5;: The instruments for experiment are listed as Table 1.

  -)/-5; Sodium hydroxide, hydrochloric
acid, concentrated sulfuric acid, ammonium ferrous
sulfate, absolute ethanol, hydrogen peroxide, potassium dichromate (analytical grade, Beijing Chemical
Reagent Company); sludge after dehydration (water
content 85.5%) (a sewage treatment plant) The coal
mine sewage is taken from a sewage treatment station of a coal chemical enterprise, and the COD


NO
1
2
3
4
5
6
7
8

 
5:;9<4-5;3&:;.69->7-9&4-5;
Name of instrument
Instrument production site
Microwave oven NN-GT556W
Shanghai Matsushita Microwave Co., Ltd.
Digital scanning electron microscope
Chinese Academy of Sciences Instrument Factory
KYKY2800B
ASAP-2010 specific surface area pore
American Max Instruments
size analyzer
Spectrophotometer
Beijing Lekesi Instrument Co., Ltd.
TG328A electro-optical analysis balNanjing Tianping Analysis Appliance Factory
ance
Constant temperature oscillator
Hebei Baoding Medical Instrument Factory
Glass adsorption column, DHL-B
Zhejiang Jinhua Instrument Co., Ltd.
computer constant current pump
High pressure reactor
Weihai Fine Instrument Equipment Manufacturing Co., Ltd.
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!69-:;9<+;<9-7)9)4-;-96.:3<,/-*):-,)+;&=);-,+)9*65
sorbent
Activated
carbon sludge
was prepared

SBET/m2·g-1

Smicro/m2·g-1

Vt/mL·g-1

Vmicro/mL·g-1

Vmeso/mL·g-1

Dn/nm

262.1

170.4

0.225

0.091

0.102

3.42



 
3<,/-)+;&=);-,+)9*65:+)55&5/-3-+;9654&+96:+67?
  ;);&+ ),:697;&65 2&5-;&+: 6. )+;&=);-,
+)9*65:3<,/-11 pieces of activated carbon sludge
were prepared by weighing and taking a mass of
0.6g. They were placed in 250 mL conical flask, 100
mL of coal mine sewage was added, and put into a
323 K constant temperature water bath oscillator to
oscillate at a speed of 120 r/min. The relationship between adsorption time and adsorption capacity was
plotted by sampling analysis and operation at regular
intervals.

 ?5)4&+),:697;&656.)+;&=);-,+)9*65
:3<,/- The 5 mL experimental activated carbon
sludge prepared by wet method was added to the adsorption column, and the coal mine sewage was
passed through the glass adsorption column at the
flow rate of 12 BV/h (controlled by constant current
pump), and the COD and chrominance values in the
adsorbed effluent were collected and measured regularly, and the penetration curve was made.


     

!?:&+)3 7967-9;&-: 6. )+;&=);-, +)9*65
Characterizing the specific surface area, micropore
specific surface area, total pore volume, micropore
volume, transition pore volume and average pore diameter of the sludge activated carbon were measured
by a specific surface area analyzer, and the results of
the measurements are shown in Table 2. It can be
seen from Table 2 that the sludge activated carbon
prepared by the mud activated carbon experiment
contains a certain amount of transition pores, and the
average pore diameter is located in the transition
pore region (2 to 50 nm is the transition pore region).

+)55&5/ 3-+;965 &+96:+67? )9)+;-9&
@);&65 6. 3<,/- +;&=);-, )9*65 The surface
morphology was measured by a Chinese Academy
of Sciences KYKY2800B scanning electron microscope (Fig. 1). As is apparently seen from Fig. 1, the
surface of the sludge activated carbon basically exhibits an irregular porous structure. And the surface
has a significant large aperture phenomenon, and
there are more transition holes in the large holes extending toward the inside. In addition, there are some
particles of impurities inside the pores, and these
magazine particles hinder the further extension of
the pores [29].

5)3?:&:6.;--..-+;6.,&..-9-5;,6:)/-65
),:697;&65The influence of different activated carbon sludge dosages on the removal rate of COD and
chroma in coal mine sewage is shown in Figure 2.
According to figure 2, the sludge adsorbent dosage
was 0.06 g/mL coal mine sewage.
5)3?:&:6.;--..-+;6.,&..-9-5;765),
:697;&65The effect of different pH on the removal
of COD and chromaticity in coal mine sewage by
sludge activated carbon is shown in Fig. 3. It can be
seen from Fig. 3 that pH has a great influence on the
treatment of coal mine sewage. In general, COD and
chromaticity removal rates decrease with increasing
pH.
,:697;&65 &:6;-94 The adsorption isotherms of experimentally prepared sludge activated
carbon for COD and chromaticity in coal mine sewage are shown in Fig. 4 and Fig. 5.
With the increase of temperature, the adsorption amount of COD by the two adsorbents
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increased, which indicates that the adsorption process is an endothermic process, and the proper temperature increase is favorable for adsorption. 323K,
the maximum adsorption capacity of COD and

chromaticity of experimentally prepared sludge activated carbon under the experimental conditions of
the experiment was 108.3 mg/g and 50 times/g, respectively.

 
..-+;6.,&..-9-5;,6:)/-:65 )5,+63699-46=)3-..&+&-5+?

 
..-+;6.,&..-9-5;765 )5,+63699-46=)3-..&+&-5+?

 
)*69);69?79-7)9);&656.:3<,/-)+;&=);-,+)9*65 ),:697;&65&:6;-94
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Land-use change is a universal problem that
caused soil degradation and is the major challenge
for sustainability in mountainous areas like Karakoram ranges. Understanding the effect of land-use
change on soil organic carbon (SOC), soil quality
and its function is vital for livelihood, sustainable
natural resource management to the mountain communities. This study aims to evaluate the impact of
different land use on soil organic carbon stock
(SOCS) and selected soil quality parameters in a
mountainous landscape of Karakoram region, Gilgit,
Pakistan. Analysis of variance (ANOVA) indicated
that except soil moisture all investigated soil properties like pH, electric conductivity (EC), bulk density
(BD), SOC, SOCS and temperature was statistically
significant. Likewise, the forest had significantly
higher values of SOC stock (70.5Mg/h) as compared
to agriculture (55Mg/h) and pasture (52Mg/h). Agriculture land had lower organic carbon stocks than
forest indicating that deforestation or conversion of
forest land to agricultural uses is contributing to
losses of up to 15 Mg ha-1 SOCS. Nitrate Nitrogen
(NO3-N) and Available Phosphorus (Av.P) were
found to be higher at pasture than agriculture and
lowest at the forest. While potassium was higher at
agriculture than forest and lowest at pasture. Mean
pH in agriculture land was acidic while in the pasture
it was weakly acidic and almost neutral (6.7) at the
forest. Bulk density was significantly higher at agriculture (1.18g/cm3) than pasture (0.83 g/cm3) and
lowest at the forest (0.66 g/cm3). SOC, SOCS, pH,
and EC were significantly higher (p<0.05) at the top
layer (0-20cm) and decrease with increasing depth
while Bulk density was increased with increasing the
depth of the soil. The texture of the soil was silt loam
at forest and agriculture while silt in the pasture.
Continuous monitoring of soil properties is essential
to understand the impact of land-use change, inten-

sive cropping on SOC stock and soil quality for sustainable management of mountain soil for sustainable agricultural production.

*)!$%
Karakoram Ranges, Soil quality, Soil organic carbon, soil
properties



 &$!'&! 
Land use and land cover change is a universal
problem that caused soil degradation and is the major challenge for sustainability in mountainous areas
like Karakoram [1]. Moreover, it triggers environmental degradations, deterioration of soil health, increased release of greenhouse gases to the environment and loss of SOC, hence causing global climate
change [1]. Land degradation due to human activities
has become an important global concern because of
its implications for food security and the environment [2]. Therefore, understanding influence of land
use change on soil quality, SOC and its function is
vital for sustainable natural resource management
and livelihoods to the mountain communities [1-3].
Many research indicated that soil organic carbon and
other soil quality indicators used as a proxy of soil
health and plays a vital role in climate change mitigation and food security [4]. It is also a useful tool to
make the decision related to land management [5].
For instance, soil physical parameters determine the
suitability of soil for agricultural production. These
properties influence crop yields through a supply of
nutrients, water infiltration, and water retention capacity [6]. Similarly, the chemical properties of soil
control the solubility and bioavailability of essential
plant nutrients and thus establish a strong relationship between soil constituents and plant productivity
[7]. Furthermore, SOC plays a significant role in attenuation of world climate change and food security.
The soil has the largest stock of carbon in terrestrial
ecosystems. It acts as the sink of atmospheric carbon
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$0<0,;.3 0<428 %946 <,7:6482 ,8/ :;9
.0<<482Soil samples were collected from different
land uses that is Forest, Pasture and Agriculture land.
In each land use type 40m long transects were selected and samples were taken in zigzag manner systematically. Sample also collected from three depths
at each plot from three different land use (3 land use,
5 sampling locations or transects, 3 replicates, 3
depths i.e. 3*5*3*3 = 135). After removing the vegetation, litter, roots, stones, and debris from the surface of sampling point, soil samples from 0-20
cm, 20-40cm, and 40-60cm depth were collected in
a “X” type pattern by using soil agar and made a
composite sample. Undisturbed core sample was
also collected from each plot for bulk density by using a 100 cm3 core ring and packed in the zip lock
bag. The exact location of sampling points and altitude were recorded by a GPS. The vegetation and
morphological characteristics were also recorded.
The 2nd set of soil samples from each depth were
packed in a separate polyethylene bags, labelled
and brought to the laboratory. Soil samples were air
dried, lightly ground, sieved through a 2-mm mesh
prior to the analysis o f physico-chemical parameters.

,-9;,=9;B 8,6B<4< Soil moisture determined by Gravimetry and bulk density by core
method [11] soil temperature measured in field by
temperature probe. Soil pH measured by pH probe
with glass-calomel electrode and 1:1 soil: water ratio
[12]. Soil organic matter or soil organic carbon
measured by using dry combustion method [13].
And EC was measured by (electrical conductivity
meter) 1:5 soil: water ratio [14]. Particle size analysis done by hydrometer method [15].The total soil
organic carbon stocks (Mg ha−1) were calculated by
using the following formula described by Batjes [16]
SOC stock (Mg ha-1) = soil depth (cm) × BD
(gcm−3) × C conc. (%)× (1−F). NO3-N, av.P and K
were determined by Ammonium bicarbonate diethylene triamine penta acetic acid (AB-DTPA) extractable method according to Sultan pour and Schwab
[17].

dioxide and contains carbon 2-3 times more than the
amount found in the atmosphere and vegetation [4,
8]. Thus, the variations in SOC levels can have serious consequences on various environmental processes such as soil erosion, fertility and greenhouse
gas fluxes. Therefore, assessment of SOC changes
become central to various global environmental
policies.
Substantial research was undertaken on effect
of land use change on soil organic carbon dynamic
and other soil properties worldwide. However, the
researcher has given less attention to economically
extremely marginal and ecologically highly vulnerable region. Since, these areas be likely to response
more sensitivity to changes in their framework conditions such as a change in land uses, land cover and
climate change compare to the established areas of
human activities [1]. Soil quality is a useful tool for
assessing overall health status of the soil |5|. Soil researchers have identified certain Biological, chemical and physical indicators as appropriate for the assessment of soil quality. Soil organic matter or carbon, soil electrical conductivity, available P, total N,
extractable K and pH, have been suggested as chemical indicators of soil quality [9-10].
This study is an attempt to understand the effect
of different land use on soil organic carbon stocks
and soil quality indicators in the mountainous region
of Karakoram.


&$% &!%

%=>/B ;0, The Naltar valley is situated at
36°15’18.6” N and 74°18’17.8” E with average altitude of 9000 Ft in the western part of Karakoram
range, about 40 km to the north of Gilgit, Pakistan.
Due to the intense cold and snowing for almost 4
months in a year, single cropping is possible in this
locality. Potato is the only crop which is cultivated
in the agriculture land without any concept of crop
rotation and this place is famous for nutritive potato
production. Due to access to the market and new
road construction, pasture land is rapidly converting
into potato field. Pasture and forest are approximately at the same altitude so the conversion of forest to pasture means deforestation and transforming
pasture area to agricultural land which is a common
practice and rising issue in Naltar Pine. Forest is
dominated by Juniper and Pine trees. Due to its aesthetic quality, it is one of the busiest tourist points of
Gilgit Baltistan, a vast number of national and international tourist visit to inhale its natural beauty
throughout the year.
The samples were collected at the elevation
range between 10211- 9706 feet. Five sites were selected for each land use; forest, agriculture and
pasture.


%=,=4<=4.,6 8,6B<4< Analysis of Variance
(ANOVA) was used to determine the effect of land
use on BD, SOC, SOCS and other selected soil properties at different depths. A least significant difference (LSD) comparison test carried out to compare
statistically different means. Linear regression analysis carried out to determine the relationship of SOC
with soil properties. Statistical package for Social
Science was used for all analysis.
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 !(@4=3;0<:0.==96,8/><0,8//0:=3
,8/
><0
Depth

:
***

186
1.13ns


E%.7
9.64***
6.15**

%!

17.2***
7.1***

%!%
23, 
5.7**
10. 5***

&07:
D
15***
14***


2.7 
39.1***
5.74*

94<=>;0

0.54ns
1.15ns

!  
0.32

ns

?"
0.45

ns


0.54 ns

Note: * p<0.05, **p<0.01, ***p<0.001 and ns non-significant respectively


& 
0,891/4110;08=<946:,;,70=0;<@4=3;0<:0.==96,8/><0
Land
Use
Agriculture
Pasture
Forest

pH
4.9
5.7
6.7

EC
(µS/cm)
308.5
208.2
341.3

SOC
(%)
2.78
4.45
5.78

SOCS
(Mg/ha)
55
52
70

Temp.
˚C
16.7
14.9
12.7

BD
g/cm3
1.18
0.83
0.66

Moisture
(%)
24.6
27.
21.9

!  
::7
10.2
10.6
9.6

?"
::7
4
4
3.5


::7
67
59
60

&0A=>;0
.6,<<
Silt loam
Silt
Silt Loam


& 
"9<=9.&0<=%
Land Use

pH

Agriculture –Pasture
Agriculture – Forest
Forest – Pasture

-0.69***
-1.71***
1.01***

EC
(µS/cm)
100.34**
32.7ns
133.09***

SOC
(%)
1.67**
3.002***
1.33*

SOCS
(Mg-ha)
3.1
15.3*
18.4**

TEMP
(°C)
1.75*
3.98***
-2.23**

BD
g/cm3
.35***
.52***
-0.17**

MOISTURE
(%)
-2.99ns
2.63ns
-5.62ns

Note: * p<0.05, **p<0.01, ***p<0.001 and ns non-significant respectively
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110.=916,8/><0.3,820,8/<946/0:=398
%!<=9.5<,8/<946:;9:0;=40<Analysis of variance (ANOVA) was used to determine the effect of
land use and depth on different soil properties and
soil organic carbon stock. The results of ANOVA revealed that soil bulk density, pH, electric conductivity, temperature, organic carbon and carbon stocks
were significant with respect to land use except soil
moisture (Table 1). Soil electric conductivity, organic carbon and stocks, temperature and bulk density were significant with respect to soil depth, while
pH and moisture were not statistically significant
different. NO3-N, Av-P and Ex. K were not statistically significant between different land uses
(Table 1).

110.=916,8/><0.3,82098%!<=9.5<,8/
<946 :;9:0;=40< Mean EC, pH, SOC, and SOCS,
were significantly higher in the forest while BD, N,
P, K were higher at agriculture (Table 2). Post-Hoc
test indicated that most of the soil properties (especially SOC and SOCS) vary significantly between
agriculture-forest, forest-pasture while shown little
variation between agriculture and pasture (Table 3).
Land use change also significantly effect on
physicochemical parameters of soil. Post hoc test
(LSD) indicated that mean difference of soil pH,
SOC, EC, Temperature and BD were statistically
significant between agriculture and pasture. Mean
difference of soil pH, SOC, SOCS, Temperature and
BD were statistically significant between agriculture-forest and forest-pasture (Table 3).

The results of study revealed that forest had
largest soil organic carbon reservoir. There was
slight difference observed in pasture and agriculture
land in organic carbon pool. The forest had significantly higher values of SOC stock (70.5Mg/h) as
compared to agriculture (55Mg/h) and pasture
(52Mg/h). Agriculture land had lower organic carbon stocks than forest indicating that deforestation
or conversion of forest land to agricultural uses is
contributing to losses of up to 15 Mg ha-1 SOC (Table 3). Similar findings of higher SOC in the forest
compared to agriculture soils were reported in the
mid-hill of Nepal [18-19].
Bulk density is an important indicator of soil
quality defines the soil compactness, functionality
and physical conditions of the soil for microorganisms [20]. Results of the study showed that there was
significantly higher BD in agriculture land
(1.18g/cm3) than pasture (0.83g/cm3) and lowest in
forest (0.66 g/cm3). Dead organic matter, plants
leaves and humus make forest land more fertile and
porous due to which the level of BD in forest was
lower than pasture and agriculture (Table 2). Similar
results were reported in the Karakoram Range of Pakistan [21].
Analysis of variance shown that pH of the forest was slightly acidic (6.7) than pasture (5.7) and
strongly acidic (4.9) in agriculture soil (Table 2).
Strongly acidic condition in agriculture land may be
due to input of cattle manure and chemical fertilizer
by farmers to get maximum potato production. Most
of the plants do best in the acidic soil conditions. The
variation in soil pH level with land use change opposed the recently conducted study in Bagrote valley
where agriculture land was alkaline, pasture and forest soils were slightly acidic [21].
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carbon in the top layers could be explained that there
is accumulation of leaf litter on the top surface, and
continuous decomposition and thus enriches the upper layer [24]. As well as due to leaching and deposition of dead organic matter next layer of soil is also
a good pool of organic carbon. With the increase in
depth, dead organic matter, decomposers and other
nutrients decreased that’s why the deepest layer of
soil indicated lowest value of SOC stock (Table 4).
Bulk density of soil significantly increased with increasing in depth which represent the compactness
of soil (Table 4). The increasing BD with depth also
an important reason of decline of SOC stock due to
increase in soil compaction and solidity.
Physico-chemical parameters include soil EC,
SOC, temperature and moisture were also significant
with change in soil depth (Table 4). The mean values
of soil EC, SOC and temperature decrease with increasing depth as Bulk density increases with increasing depth due to low availability of nutrients
and dead organic matter. The finding of the study
shown that all layers of soil was acidic in nature.

9;;06,=498 ,7982 ?,;49>< <946 :;9:0;=40<
Although anthropogenic activities, land use change
and topography of land effect on total SOC, but there
are many physiochemical properties which also influence on the concentration of SOC stock. Some
properties of soil have negative effect and some have
potential to improve SOC stock.
Pearson correlation analysis indicated that SOC
stock was significantly positively correlated with
SOC while with bulk density, temperature, pH, EC
and moisture were non-significant (Table 6). In contrast SOC was highly correlated with all examined
soil properties (Table 6). pH is one of the soil quality
indicator which determine the alkalinity and acidity
of soil. Soil pH was significantly negatively correlated with EC (p<0.05), temperature (p<0.01) and
BD (p<0.01) but non-significant with moisture
(Table 6).
Soil SOC were significantly positively correlated (p<0.01) with moisture and highly negatively
correlated (p<0.01) with BD and temperature. Soil
BD was negatively correlated with soil moisture,
SOC, EC and pH and positively correlated with temperature |table 6|. This is well understood that bulk
density increases with decreasing soil temperature
while it is decreases increasing soil moisture and soil
organic carbon.

The highest level of EC was observed in forest
soil while lowest at pasture land. EC level of agriculture soil was almost near to forest but significantly
higher than pasture as shown in (Table 3). The mean
differences were also significant between the pasture-agriculture (p<0.01) and forest-pasture
(p<0.001). Changing forest to cultivated land had increased EC values were reported by [22]. The results
of ANOVA reveals that soil temperature was significantly change with land use change. Table 3 indicated that temperature rise significantly with change
of forest land to pasture and pasture to forest. The
highest level of temperature was in agriculture land
while forest land had low temperature level than pasture. The agriculture land had direct exposure of sun
on the soil which leads to rise in its temperature,
while the canopy cover of the forest and transpiration
process caused low temperature. Grasses in the pasture also had low soil temperature than agriculture
land but higher than forest. Mean value of soil moisture content was (24.67%) with variance of (±16.16)
due to unpredictable weather pattern. Table 3 indicated that pasture contain more moisture content
(27.54%) than agriculture and forest had lowest
moisture content (21.92%).
The investigated fertility parameters like soil
NO3-N, Av-P and Ex. K were not statistically significant between different land uses (Table 1). Soil
NO3-N found in the order: Pasture>Agriculture>Forest while Av-P found in the order: Pasture=Agriculture> Forest and Ex. K were found in the order of
agriculture>Forest> Pasture. The higher amount of
Nitrate and Phosphorus in the agriculture land could
be attribute to input of chemical fertilizer along with
the cattle manure to get maximum potato yield. Soil
texture class was silt loam at forest and agriculture
while silt at pasture soils.

110.=91 <946 /0:=3 98 %! <=9.5< ,8/ <946
:;9:0;=40<ANOVA showed that soil electric conductivity, organic carbon, organic carbon stock, temperature and bulk density were significant with respect to soil depth, while pH and moisture were not
statistically significant different Table 1.
There was no significant variation in SOC
stock between top two layers of soil. The difference
of mean value was very negligible between first two
layers of soil profile. Third layer of soil was lowest
organic carbon reservoir. Same findings of higher
soil organic carbon stocks in forest compared to agriculture in the top layer [23]. The higher amount of

& 
0,8?,6>0<91/4110;08=:,;,70=0;<@4=348/4110;08=/0:=3<48,66<946:;91460
EC
SOC
SOCS
BD
Moisture
Depth
pH
TEMP ˚C
(µS/cm)
(%)
(Mg/ha)
(g/cm3 )
(%)
0-20
5.9
351.9
5.45
72.8
3.01
0.76
27.03
20-40
5.6
259.7
4.25
72.5
1.70
0.95
22.31
40-60
5.9
246.4
3.32
59.4
3.01
0.96
27.03
Mean
5.8
286
4.34
68.23
2.57
0.89
25.46
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&
%=0<=19;.97:,;4<989170,8-0=@008/0:=3
Mean difference
pH
EC µS/cm
between depth
20-40
0.29
92.3*
0-20
40-60
0.05
105*
20-40
40-60
0.25
13.3
Note: * p<0.05, **p<0.01, ***p<0.001 and ns non-significant respectively

SOC (%)
1.2*
2.13*
0.93

SOCS
(Mg-ha)
15.4*
25.2*
9.8

&
"0,;<98.9;;06,=498,7982?,;49><<946:;9:0;=40<
pH
EC
SOC
SOCS
TEMP
BD
Moisture

pH
1
.253*
.463**
.158
-.436**
-.605**
-.165

EC

SOC

SOCS

TEMP

BD

Moisture

1
.381**
.201
.158
-.250*
.065

1
.601**
-.402**
-.680**
.372**

1
-.213
.052
-.187

1
.306*
-.050

1
-.466**

1

Note: * Correlation is significant at the 0.05 level (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed)


! '%! %

[2] Teferi, E., Bewket, W., Simane, B. (2016) Effects of land use and land cover on selected soil
quality indicators in the headwater area of the
Blue Nile basin of Ethiopia. Environmental
Monitoring and Assessment. 188(2), 83.
[3] Ali, S., Begum, F., Hayat, R., Bohannan, B.J.
(2017) Variation in soil organic carbon stock in
different land uses and altitudes in Bagrot Valley, Northern Karakoram. Acta Agriculturae
Scandinavica, Section B—Soil and Plant Science. 67(6), 551-561.
[4] Lal, R. (2004) Soil carbon sequestration impacts
on global climate change and food security. Science. 304(5677), 1623-1627.
[5] Sturz, A.V., Christie, B.R. (2003) Rationale for
an holistic approach to soil quality and crop
health. Soil and Tillage Research. 72(2), 105106.
[6] Gul, H., Said, A., Saeed, B., Muhammad, F.,
Ahmad, I. (2011) Effect of foliar application of
nitrogen, K and Zn on wheat growth. ARPN J.
Agric. Bio. Sci. ISNN:1990-6145. 6(4), 56-58.
[7] Khattak, R.A. (1996) Chemical properties of
soil. In: Bashir, E. and Bantel, R. (eds.) Soil Science. National Book Foundation, Islamabad,
Pakistan, 167-197.
[8] IPCC (2007) Climate change: Impacts, adaptation and vulnerability. In: Parry, M.L., Canziani,
O.F., Palutikof, J.P., van der Linden, P.J., Hanson, C.E. (eds.) Contribution of Working Group
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Cambridge University Press, Cambridge, UK,
16p.
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From this study it can be concluded that land
use change and soil depth effects SOC stock and soil
properties. Forest soil attributed to better soil quality
with highest biomass and organic carbon than pasture and agriculture. Deforestation and land use
change effecting its quality by declining soil organic
matter and soil nutrients. The conversion of pasture
land to agriculture is common practice and rising issue in Naltar valley due to which adjacent forest also
effected. Over grazing and tourist flow in growing
season also effects total biomass of pasture land.
However continuous monitoring of soil properties is
essential to understand the impact of land use
change, intensive cropping on SOC stock and soil
quality and also for sustainable management of
mountain soil for agricultural production, food security and to mitigate climate change.
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Pyrimidine and their derivatives play an important role in the field of pharmacological activity.
Also, pyrimidine compounds containing pyrido pyrimidine structure show significant biological and
pharmaceutical activities. In this study, indeno
[2′,1′:5,6]pyrido[2,3-d]pyrimidine derivative was
synthesized by the one-pot condensation. This onepot, three-component condensation took place under
mild conditions; 1,3-Indandione (indanedione) ( ,
6-amino uracil  , 4-nitro benzaldehyde   in
DMF/Et3N at 60 °C. The reaction was completed after 24 h. Also, eight different methods were tried for
the reduction of aryl nitro group. For the selective
reduction of aryl nitro group in a good yields was
used under elemental sulfur (S8), sodium sulphide
(Na2S) in THF/water at 100 °C conditions. All
coumpounds were characterized by spectroscopic
techniques.

More recently, Multicomponent Reactions
(MCR’s) carried out using three or more starting materials in the same flask [15]. MCRs are so important
due to their wide range of applications in the pharmaceutical industry. MCRs can dramatically reduce
the generation of chemical waste and the costs associated with reactions [16]. In this study, we synthesized of indeno[2′,1′:5,6]pyrido[2,3-d]pyrimidine
derivative from MCR’s and reduced aryl nitro compounds with metal catalysis, sodium borohydride/catalyst, hydrazine/catalyst and elemental
sulfur.

#!"  #"
All starting materials and reagents were purchased from commercial suppliers. The 6-amino1,3-dimethyl uracil, 1,3-indandione, 4-nitro benzaldehyde and other reagents and solvents used in this
work were obtained from from Merck (Darmstadt,
Germany), Alfa Aesar (Ward Hill, MA) and SigmaAldrich (Taufkirchen, Germany). and used without
further purification. Reactions were monitored by
TLC and TLC plates visualized with short wave UV
fluorescence (k =254 nm). Melting points were taken
on a Yanagimoto micro-melting point apparatus and
were corrected. IR spectra were measured on a SHIMADZU Prestige-21 (200 VCE) spectrometer.1H
and 13C NMR spectra were measured on spectrometer at VARIAN Infinity Plus 300 and at 75 MHz, respectively. 1H and 13C chemical shifts are referenced
to the internal deuterated solvent. The elemental
analysis was carried out with a Leco CHNS-932 (St.
Joseph, Michigan) instrument.


4&%!"
One-pot reaction, Pyrido[2,3-d]pyrimidine, 1,3-indandione, 6-amino uracil, Reduction reaction
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Heterocyclic compounds containing nitrogen
has receiving lots of attention because of wide application of pharmacological activity. Pyrimidine and
their derivatives play an important role in the field of
drugs and agricultural [1, 2]. Also, pyrimidine compounds containing pyrido pyrimidine structure show
significant biological and pharmaceutical activities
such as anti-folate [1, 3], antimicrobial [4], anti-inflammatory [5], anti-bacterial [6], anti-convulsant
[7], diuretic and potassium-sparing [8], antitumour
[9].
Aryl amines are very important compounds
which act as precursors to the synthesis of many interesting molecules, and can be readily synthesized
from aryl nitro compounds via numerous reduction
methods such as activated metal catalysis [10], sodium borohydride/catalyst [11], hydrazine/catalyst
[12], sulfides or elemental sulfur [13, 14].

64+-,96- .46 56-5)6)8043 4. 03,-34' < <
(5;60,4'  ,(5;6020,03- ,-60:)80:-  30
8645/-3;1  ,0/;,64 03,-34' < < (5;
60,4'  ,(5;6020,03-  86043- To a flask
equipped with reflux condenser a mixture of
equimolar amounts of 1,3-Indandione 1, 6-amino
uracil 2, 4-nitro benzaldehyde 3 was heated at 60 °C
in DMF (5 ml) / Et3N (3 drop). The progress of the
reaction was monitored by TLC. Stirring at 80 °C
was continued until disappearance of the starting
materials (monitored by TLC). After completion of

509

"!

 #   



    


funnel during 20-30 min. The mixture was reflux for
additional 1 h. After cooling the hot system, HCl (2,5
ml) was added to the system with a pipette. The mixture was reflux for additional 20 min. After the time,
the reaction mixture was cooled to room temperature
and filtered. The solvent was evaporated to a yellow
residue that was washed with hot ethanol. The product 5 in good yield.
Yellow powder: mp 182–184°C, yield 92%. 1H
NMR (300 MHz, DMSO-d6, ppm): δ 7.86 (s, 2H,
NH2-Ar protons), 7.75 (s, 2H, NH2-Ar protons) 7.298.16 (m, 4H), 6.86 (d,2H, NH2), 3.38 (s, 3H, CH3),
3.07 (s, 3H, CH3). IR (KBr, υ, cm-1): 3477; 3367;
3028; 2953; 2958; 1651; 1517; 1357. Anal. Calcd.
For: % C22H16N4O3: C, 68.74; H, 4.20; N, 14.58;
O,12.49. Found: C, 68.81; H, 4.18; N, 14.65;
O,12.53.

the reaction, the mixture was allowed cooling to
room temperature and poured into cold water (50
ml). The product 4 was filtered, washed with water,
and dried. Yellow powder: mp 260–262°C, yield
97%. 1H NMR (300 MHz, DMSO-d6, ppm): δ 8.64
(s, 2H, NO2-Ar protons), 8.12 (s, 2H, NO2-Ar protons), 7.29-8.16 (m, 4H), 3.38 (s, 3H, CH3), 3.07 (s,
3H, CH3). 13C NMR (75 MHz, DMSO-d6, ppm): δ
192.1; 155.9; 154.5; 151.6; 147.8; 143.4; 134.8;
133.9; 128.9; 128.6; 128.2; 128.1; 128.0; 127.7;
124.1; 124.0; 117.3; 64.1; 50.7; 38.0; 34.7; 28.6;
28.3. IR (KBr, υ, cm-1): 3078; 2972; 2958; 1647;
1521;1395;1311. Anal. Calcd. For: % C22H14N4O5:
C, 63.59; H, 3.84; N, 13.37; O,19.31. Found: C,
63.46; H, 3.87; N, 13.46; O,19.45.
1-2-38)1"91.96564+-,96-.4656-5)6)8043
4. )6;1 )203-  )20345/-3;1  ,0/;,64
03,-34' < < (5;60,4'  ,(5;6020,03-
 86043-   To a flask equipped with reflux
condenser were added sulfur (0.96 g, 30.1 mmol)
and Na2S.9H2O (2.53 g, 30.1 mmol) in water (5 ml)
and EtOH (20 mL) and the suspension was heated to
100 OC until dissolution for half an hour. A mixture
of nitro compound (7,0 gr., 0,017 mmol) 4 and 80 ml
of THF was stirred into a 250 ml two neck flash
equipped, a reflux condenser. The mixture was
heated until refluxing. Afterward, prepared mixture,
dissolved Sodium polysulphide solution, was slowly
dropped into the two-neck flask with a dropping
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In this study we synthesized of indeno[2′,1′:5,6]pyrido[2,3-d]pyrimidine derivative
from MCR’s as starting materials and so reduced
aryl nitro compounds with Pd/C [17], NH2NH2 [12],
NaBH4/NiCl2[18], SnCl2.2H2O [19], Na2S/NaOH
[20], Fe/AcOH [21], Fe/HCl [22] and elemental sulfur/ Na2S.9H2O [14]. The results was summarized in
(Figure 1) and (Table 1).
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43,080437)3,;0-1,74.6-,9+80434. 
Entry
1
2
3
4
5
6
7
8



Reducing Agent
Pd/C
NH2NH2
NaBH4/ NiCl2
SnCl2.2H2O
Na2S/ NaOH
Fe/AcOH
Fe/HCl
Elemental Sulfur/ Na2S.9H2O









Solvent
THF
KOH/THF
THF
THF/DMF
THF/ Water
THF
THF/ Water
THF/ EtOH/Water

 


Time (h)
2
3
1
4
5
2
2
2
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Yield (%)
10
30
35
46
58
60
75
92
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Also, different synthesis methods and characterization of indeno[2′,1′:5,6]pyrido[2,3-d]pyrimidine (4) has been given in the literature [23, 24]. The
formation of these heterocycles can be rationalized
by initial formation of a conjugated electron deficient heterodiene by Knoevenagel Condensation of
1,3-indandione and aldehyde, followed by a Michael
type addition reaction with 6-amino-1,3-dimethyl
uracil. Then, nucleophilic addition of the amino
group to the carbonyl group leads to the formation of
dihydropyridine, which is then oxidized to product
(4) (Figure 2) [25]. The structures of (4) revealed a
molecular formula C22H14N4O5 (m/z 418). The FTIR
spectra displayed characteris-tic absorption bands at
around 3078; 2972; 2958; 1647; 1521;1395;1311. Its
1H NMR spectrum revealed the presence of the aromatic protons which was attached nitro at 8.12-8.64
ppm. The signal assigned to the aromatic protons of
1,3-Indandione appeared as multiple at 7.29-8.16
ppm. Also, -N(CH3)2 protons observed as a singlet at
3.07 ppm and 3.38 ppm.
A number of reduction system were explored to
optimize the formation of product (5), the results indicated that reduction system such as Pd/C,
NH2NH2, NaBH4/NiCl2 and Fe/HCl not be achieved
the desired transformation (Table 1, entries 1–7) and
that elemental sulfur/ Na2S.9H2O was the best reduction system 92% efficiency. Firstly, in the presence
of only etanol, the reduction of 5-(4nitrophenyl)5,11-dihydro-1H-indeno [2′,1′:5,6] pyrido[2,3-d]pyrimidine-2,4,6-trione (4) was tried with elemental
sulfur, but (4) was found to be insoluble in ethanol.
Later, the reduction was retried in THF/EtOH

mixture and succeeded. -NH2 protons of (5) showed
6.86 ppm in 1H NMR spectrum and also it was seen
at around 3400cm-1 in IR spectrum. During the literature studies, metal catalyzed elemental sulfur reductions were also observed [26-28]. It is used in reduction reactions because it is effective, inexpensive
and easily available [29, 30].

 $" "

In summary, indeno[2′,1′:5,6]pyrido[2,3-d]pyrimidine was synthesized by the one-pot an easy and
efficient method. Also, elemental sulfur was used for
the selective reduction of aryl nitro group in a good
yields. The advantages of this methods include operational simplicity, mild reaction conditions, high
yield, easy isolation of products, and does not involve any purification techniques like column chromatography. Furthermore, in this way, a new method
for the synthesis of new derivative nitrogen active
pharmaceuticals was introduced to the literature.


4 %  #"
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In general, climate models provide spatial and
temporal projections into future tears indication either increasing or decreasing precipitation trend in
different regions of the world. The complex structure
of the climate system has led to significant improvements in the modeling tools from mid-century of the
last century. The most important developments
among these tools are simulation of the physical processes in the climate models.
All the structures built on earth are under the
influence of various risks. One of these risks is due
to the climate change with uncertainty. To cope with
climate change risk, adaptive management strategies
have been discussed to reduce risks [3, 4, 5, 6].
Adaptive management has as one target to increase
the adaptive capacity of the (water) system. Adaptive
capacity can be defined as the potential or capability
of a system to adjust, via changes in its characteristics or behavior to cope better with existing and future stresses. More specifically, adaptive capacity refers to the ability of a socio-ecological system to
cope with novelty without losing options for the future [7]. Increasing the adaptive ability of water systems implies the need for integrated system. However, probabilistic information presents new opportunities as well as challenges for policy makers more
accustomed to working with fewer climate change
realizations [8, 9, 10]. To date, there have been relatively few impact assessments using probabilistic
climate change information [11]. It is, therefore, necessary to develop new risk-based frameworks for
handling probabilistic data and estimating uncertainties inherent to impact models for water resources.
Otherwise, the range of risks posed by climate
change to major assets and infrastructure developments may be underestimated. This could have significant consequences for policy and planning, by affecting the timing and cost of adaptation responses
[12].
In general, expectation for climate change impacts on precipitation is not well-known in Turkey,
but it is expected that impacts of climate changes
have been changing from south to north. In north latitudes, extreme precipitation frequencies are expected be occur more. Therefore, flow regimes in
rivers may affect this sudden changes (flooding) directly. Flooding is singled out, because worldwide,

 

Surface temperature increase due to global
warming results in polar ice melting, snow cover
thinning, changes in precipitation anomaly. All these
phenological effects alert engineers, planners and
administrators to be more sensitive against climate
change-based risk effects on water structures. Vulnerability to natural disasters such as floods and
droughts are expected to occur more frequent than
past. Therefore, design and potential evaluation of
water structures such as transmission channels, water wells, dams and hydraulic power generation facilities need to be re-evaluation. This re-evaluations
procedure must be updated by taking into consideration climate change impacts with their risk assessments. For this purpose, the climate change-based
risk levels are calculated from historically available
records through possible trend tendencies, which are
expressed in terms of trend slope. It has been observed that, in general, the climate change impacts
are not significant on precipitation and runoff. This
is due to the low trend slopes in the standardized hydro-meteorological time series. This point has been
documented for Yesilirmak basin, where the climate
change impact is very limited.


  
Climate change, trend slope, risk level, Yesilirmak basin,
Turkey



    
Global climate change has been effective in
many hydro-meteorological parameters such as temperature, precipitation and discharges. There is uncertainty about how the magnitude of future temperature is bound to change as for the parameter values
such as precipitation, evaporation, and hydrology at
regional scales [1, 2]. It is well-known that temperature increase results in snow cover decrease and as a
result river flow trends are in the form of decrease.
These circumstances are significant in spring and
summer periods.
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it is the most common natural hazard and third most
damaging effect (after storms and earthquakes).
Flooding is already the costliest natural hazard, but
future risk projections are much less certain than for
drought and heatwaves [13]. For example, in the
Black Sea Region the flood disasters are very frequent due to sudden rainfall occurrences especially
in recent years. These floods have damaged agricultural areas, infrastructure and superstructure facilities. Not only physically damages, but also, human
and animal life losses are started to appear. This situation has not been resolved by local authorities
from both financial and technical ability shortage in
Turkey. To reduce the damage caused by climate
change, initially it is necessary to analyze the historical data in the context of trend and climate change
clearly.
The aim of this study is to examine how climate
change affects the classical risk levels for precipitation and flow regimes based on probabilistic approach in Yesilirmak basin, Turkey.


     

Yesilirmak river basin is in the northern part of
Turkey with approximately 39.595 km2 area. The basin is covered by Eastern Black Sea, Coruh, Firat and
Kizilirmak basins as seen in Figure 1. The Yesilirmak river (519 km length) originates from Köse

mountains to the southwest of Sivas province. From
the upstream to the downstream Yesilirmak river
passes through the plains of Tokat, Turhal and
reaches to Amasya and Carsamba plain. Yesilirmak
basin covers a part of Tokat, Samsun, Amasya,
Çorum, Sivas, Yozgat, Gümüşhane, Giresun, Erzincan, Ordu and Bayburt provinces with the main
branches of the river as Kelkit, Cekerek and Tersakan Streams. The Yesilirmak basin is divided into
32 sub-basins by the General Directorate of State
Hydraulic Works (DSI). Flow and precipitation data
obtained from the State Water Works (DSI) and
General Directorate of Meteorology (MGM) are
given in Table 1. In the basin, average annual precipitation is 646 mm and average annual flow is 5,80
km³/year for Yesilirmak river.
In this paper, general procedure of risk assessment is implemented under climate change perspective. Climate change will affect clearly all hydroclimatic variables both in under- or over- performance
states levels. Theoretically, several convenient formulations have been generated for design level including precipitation and discharge values. However, climate change effects are ignored in most of
the calculation procedures. In water resources project, risk levels are determined based on available
method or formulations by ignoring climate change
influence. In classical approach, risk level is defined
by taking into account equal probability of the event
occurrences. Notational definition of classical risk
(r) is suggested as,
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*#-<)-&65#-)-&65#)5,-3)--,&5.64)-&65&5-#&3&4)2*)#&5
367)/-6,-#)5,
)4-#
E14A001 (Fatli)
E14A002 (Kale)
E14A012 (Seyhoglu)
E14A013 (Durucasu)
E14A014 (Sutluce)
E14A022 (Cicekbuku)

!-+&7&-)-&65)/-6,-#
)5,)4-#
D14A076 (Almus)
D14A172 (Doganyurt)
D14A026 (Cemilbey)
D14A036 (Tasova)
D14A157 (Dokmetepe)
D14A112 (Kose)

!-+&7&-)-&65-)
24 
2.353,00
10.693,00
3.669,00
22.446,00
5.409,00
91,00

-)#-,&#+)/-
4 "-)
684,6
651,4
193,0
444,6
695,0
15,4

55)3..&+&-5+"
3#24 
9,2
1,9
1,7
6,2
4,1
0,53


 
!-+&7&-)-&65--5,#367-)5,&#23-<-3#&534#)*6<-)5,,&#+)/---5,#367-)5,&#23-<-3#&5
)-3&#-)-&65#*-367




(1)
where R is only once observed event during the
whole planned life of any structure. This simple risk
approach was modified by [14] as,


(2)
where  is the risk under the climate change
effect and α is a factor of climate change. When α =
0, implies that there is no contribution of climate
change neither positive nor negative. In other cases,
climate change can be considered directly both in
positive and negative contribution. In this method, α
is calculated as the slope of the trend behavior within
the hydro-meteorological time series after normalization.



 

 

 

This method is implemented on Yesilirmak basin 6 flow and precipitation stations records. Firstly,
Almus and Fatli stations are selected for trend slope
detection and risk assessment based on several risk
levels as seen in Figure 2. Cumulative distribution
function (CDF) for reversal exceedance probability
is calculated from 0.2% to 50% risk levels. The slope
of trend for precipitation is calculated as 0.74% and
data are fitted to Log-normal probability distribution
function (PDF) for Almus stations. The corresponding flow trend slope is determined as -3.71% and
these time series are also fitted by Log-normal PDF.
Furthermore, the range of risk levels are calculated
as 357.47 mm and 986.18 m3/s for Almus precipitation and Fatli discharge stations, respectively.
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!-+&7&-)-&65--5,#367-)5,&#23-<-3#&56/)5"-)*6<-)5,,&#+)/---5,#367-)5,&#23-<-3#&5
)3-#-)-&65#*-367



!-+&7&-)-&65--5,#367-)5,&#23-<-3#&5-4&3*-")*6<-)5,,&#+)/---5,#367-)5,&#23-<-3#&5
-"6/3#-)-&65#*-367
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Doganyurt and Kale stations are second points
for trend slope detection and risk assessment based
on several risk levels as presented in Figure 3. The
slope of trend for precipitation is obtained as 1.65%
in clearly increasing manner. Time series are fitted
to Pearson-III PDF for Doganyurt precipitation distributions. The corresponding flow trend slope appears as -3.46% and these time series are also fitted
by Gamma PDF with Kale flow records. Furthermore, the range of risk levels between lowest to
highest is calculated as 2943.54 mm and 952.34 m3/s
for Doganyurt precipitation and Kale flow stations,
respectively.
On the Corum river, which is the east branch of
Yesilirmak river, Seyhoglu flow gauges and Cemilbey precipitation stations are considered for risk
assessments. As in Figure 4, the slope of trend for
precipitation is -2.07% in clearly decreasing behavior. The records are fitted to Pearson-III PDF as for
the Doganyurt stations. With regards to flow regime,
trend slope is -3.82% and flow data are also fitted by
Gamma PDF as in Seyhoglu stations. Risk levels
ranges are calculated between lowest to highest as
435.08 mm and 195.94 m3/s for Cemilbey precipitation and Seyhoglu flow gauges, respectively.


On the main branch of Yesilirmak, Durucasu
flow and Tasova precipitation stations are selected
for risk assessment with climate change effects. As
in Figure 5, the trend slope for precipitation is
2.46%, which implies increasing trend. The records
are fitted to Pearson-III PDF as presented in earlier
stations. For flow regime, trend slope is calculated as
-3.82% like Seyhoglu flow data. However, these data
are fitted to Weibull PDF unlike to Seyhoglu stations. Finally, risk ranges are calculated between
lowest to highest levels as 278.38 mm and 510.03
m3/s for Tasova precipitation and Durucasu flow stations, respectively.
Sutluce is selected as another flow gauges on
the main branch of Yesilirmak and Dokmetepe precipitation gauges for risk evaluations as in Figure 6.
The increasing trend slope for precipitation appears
as 1.28%, and data are fitted with Pearson-III PDF
for precipitation in Dokmetepe and flow analysis in
Sutluce. Regarding, flow regime, trend slope is 1.56% like other branches of Yesilirmak river. The
risk ranges between lowest to highest levels as
221.72 mm and 170.12 m3/s for Dokmetepe rainfall
and Sutluce flow stations, respectively.
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Finally, Cicekbuku flow stations on the Kelkit
river, and Kose rainfall gauges are considered for
risk assessment as shown in Figure 7. The decreasing
trend slope for precipitation is calculated as -2.74%
and its data are fitted to Pearson-III PDF. For flow
regime, trend slope is calculated as -2.61% like all
flow data and they are fitted to Log-normal PDF.
Precipitation and flow risk ranges between lowest to
highest levels are s 335.73 mm and 231.92 m3/s for
Kose and Cicekbuku stations, respectively.
As regard to climate change effects on precipitation and flow risk levels, Eq. (2) is implemented
holistic risk level in Yesilirmak basin. In the

classical approaches, return period can be easily calculated by using risk level (Eq. 1). As an example,
0.2% risk level corresponds to 500-year return period. Therefore, return period and risk levels are presented for climate change effects on flow regime
jointly as seen in Table 2, which implies that there is
no significant difference between classical and climate change risk levels. Similar approach is implemented on precipitation records and results are presented in Table 3. Trend slopes appear in quite low
interval because of standardization. Therefore, climate change effects cannot be seen significantly on
precipitation time series.
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These results show that the effects of climate
change are expected to be not significant and dominant on precipitation and flow regimes in Yesilirmak
basin. The main reason of this interpretation can be
connected to climatic and geographical features of
Black Sea region. Although climate change impacts
are limited on precipitation and flows, longer return
periods and climate change effective risk formulation should be considered in water structure planning
instead of classical risk level.


    
The increase in temperature and extreme precipitations due to the climate change is related to
several elements of the hydrological cycle. The most
essential issue in any water resources project is the
risk or return period associated with the hydro-meteorological events. In this paper, the risk levels are
calculated by considering possible climate change
effects. To do this, first of all climate change slopes
are calculated through trend analysis in the historical
time series for precipitation and flow regimes. The
risks associated from 2-year to 500-year return periods are calculated for each precipitation and flow
stations. The study shows that the climate change
impact is not significantly effective on precipitation
and flow regimes in Yesilirmak basin. The return periods are not likely to increase or decrease overall.
The similar procedure can be implemented on any
climatic variables associated with risk level, especially on highly vulnerable regions for climate
change.
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come the focus direction. It is different from the
production characteristics of gas wells in conventional gas reservoirs. There is no stable production
period for single well in gas reservoir. It is necessary to make up for the decline through the continuous development of new wells in order to maintain
the long-term stable production of the gas field.
There are two common ways to maintain stable
production in gas fields. The first is to rely on the
development of new blocks to replace stable production [4-8]. The second is to improve oil recovery and realize stable production by encrypting well
pattern in developed enrichment area.
A gas field in Central Asia is a carbonate gas
reservoir, and the original formation pressure is
26.8MPa. Mining right is owned by A and B oil
companies. Mining area A is located in the relatively high structural position of the gas field. The
pressure of gas field in mining area B dropped
sharply to 16.47MPa in 2017. The pressure drop
has a great influence on the development of mining
area B, resulting in gas spillage, reserve loss and
gas well production decline. The initial output of
the production well is only 86% of that of the
scheme design. The average annual production
decline rate is 12.4%. The Well B-1 was shut down
in 2018 after only 10 months of development due to
low pressure.
In order to determine the gas spillage of the
mining area B and its influence on production, the
conventional methods are to take mining area A and
B as a whole to carry out material balance calculation and numerical simulation. Due to the lack of
geological and production materials of mining area
A, the conventional methods cannot be realized. In
this paper, combined with the reserve calculation
with volumetric method [1, 9-10] and the method of
material balance, a novel numerical model considering gas spillage was developed to determine the
gas spillage of mining area B and the countermeasures for stimulation after pressure drop.






Mining area A of a gas field in Central Asia
has adopted the strategy of oil and gas exploration
in advance, which has led to a significant decrease
in formation pressure in mining area B. Furthermore, the pressure drop of mining area B leads to
the complex technical problems of gas spillage,
reserves reduction, gas well production reduction
and even off production. It has seriously affected
the overall resource exploration and development
efficiency of this gas field. In this paper, based on
the reserve calculation of volume method and the
material balance formula of gas reservoir, a novel
numerical model considering gas spillage was established by using numerical simulation method.
By simulating the different recovery amount of
mining area A, the gas spillage and pressure distribution of mining area B are determined. The pressurization time, pressurization mode and reasonable
production of gas well are optimized to improve the
oil recovery of gas field after pressure drop in mining area B. The results show that this method fits
the pressure change and pressure distribution of
mining area B. The gas spillage accounts for 38.6%
of the original geological reserves. The gas field
recovery rate of the pressurized plan can be increased from 16.05% to 35.68%. The net economic
increment is 7.01 times of the total investment. The
benefits are significant.


&! ":
Numerical simulation, gas spillage, pressurization time,
pressurization method, gas field recovery factor

#! $#
With the development of oil and gas resources
exploration and development, the exploitation of
conventional oil resources is becoming more and
more difficult. Exploration and development gradually tend to ultra-deep, ultra-high temperature, high
pressure and other complicated formations [1-3]. At
the same time, natural gas has the advantages of
large reserves and high cleanliness, which has be-
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In which, i and  are respectively the original
formation pressure and the current formation pressure; MPa; i and  are respectively the compression
coefficient under the original formation pressure
and the compression coefficient under the current
formation pressure. , p, ’P and Gout are original gas-in-place, cumulative production of gas
wells, generalized cumulative production (cumulative production of gas wells + gas field spillage),
gas field spillage, 108 m3, respectively. According
to the above formula, it can be calculated that the
gas field spillage of mining area B accounts for
33.4% of the original geological reserves by December, 2018.

/;/9526;2767+0:+2/4 :82440/1:/ 76
9/:/9=729 6<5/9224 :25<4;276 In 3D geological
modeling, mining area B is taken as the main research target and the geological range of mining
area A is properly considered. The structure, reservoir distribution and reservoir physical parameters
of mining area A are predicted (Fig. 1). The mesh
steps in ,  and  directions of the model are respectively 100m, 100m and 3m and the number of
grids is 1003002. The constant gas volume fitting is
used in the numerical simulation of gas reservoir.
The simulation time step is 1 month and four virtual
gas wells, XN-1, XN-2, XN-3 and XN-4, are set up.
According to the principle of material balance,
the formation pressure and gas production of each
well in mining area B are simulated by adjusting
the gas production of four virtual production wells.
The influence of the development of mining area A
on the formation pressure and geological reserves
of mining area B is determined. The numerical
simulation method determines that the gas field
spillage of mining area B accounts for 38.6% of the
original geological reserves (Fig. 2).

#!#
# """

/;/9526;276 7+ 0: :82440/ 1:/  76 ;1/
9/:/9=/ 242<4;276 >2;1 =74<5/;922 5/;17 .
Considering the gas spillage after the drop of pressure in mining area B caused by the development of
mining area A, the gas spillage can also be regarded
as a part of the amount of production. In a broad
sense, the cumulative production is the sum of gas
well production and gas spillage. By using the calculation formula of gas reservoir volume method,
the original geological reserves and current geological reserves of gas reservoir can be calculated
according to the original formation pressure, the
current formation pressure, the compression coefficient under the original formation pressure and the
compression coefficient under the current formation
pressure [11-13]. According to the principle of
material balance, the difference between the original geological reserves and the current geological
reserves is the generalized cumulative recovery.
The generalized cumulative production minus the
actual cumulative production of gas well is the
amount of gas spillage. According to the above
method, it is calculated that the gas spillage of
mining area B accounts for 35.07% of the original
geological reserves by December, 2018.

/;/9526;276 7+ 0: +2/4  :82440/ 2279 
260 ;7 5;/924 1462/ 5/;17  The material
balance method of gas reservoir is used to calculate
the gas spillage of mining area B [14-15]:
(1)
(2)
(3)
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the gas well is lower than the pressure of the gatherThe ratio of gas field spillage to the original
ing pipe network, the gas well enters the production
geological reserves calculated by the above three
decline stage or even off production. The key factor
methods are between 33.4% and 38.6%. The results
to determine the time of pressurization production
are closer. The numerical simulation of oil & gas
of gas wells is to see whether the wellhead pressure
reservoir is the application of mathematical model
of gas wells is lower than that of external pipelines
to reproduce the actual performance of oil and gas
[8-10]. The wellhead pressure of well B-1 is
reservoir. Considering the heterogeneity of oil &
6.05MPa and the outward pressure is 6.0MPa. The
gas reservoirs, the simulation results can be used as
wellhead pressure of the pressurization time in
an effective means for the decision-making of the
mining area B is determined to be 6.0MPa. If the
oil & gas field adjustment [6-7]. Therefore, on this
produced natural gas is supercharged and then enbasis, the numerical simulation method is used to
ters the gathering pipe network, the wellhead presoptimize the pressurization time, pressurization
sure and flowing bottom hole pressure of the gas
mode and reasonable output of mining area B.
well are reduced. The daily gas production increas
es and the development effect of gas well is im
proved. In order to accurately simulate the pipe
!"$#"
flow in the wellbore during the exploitation of

natural gas, according to the relationship between
2;<4 897 <2;276 7/: 67; 9/21 /:206/ 
gas production and compression ratio of different
2822;B The lower the formation pressure of the
compressors [16-18] (Fig. 3), different wellhead
gas well is, the lower the open flow rate of the gas
pressures are set by using the VFPi module of
well is [8-9]. When the gas field of Company B was
ECLIPSE software package. The flowing bottomput into development in December, 2017, the forhole pressure of different power compressors under
mation pressure of the main production layer was
different output can be calculated (Fig. 4). This
16.47MPa. The degree of pressure retention is only
VFPi table can be used for numerical simulation
61.5%. The formation pressure of the main produc[19-21]. The charging device can greatly reduce the
tion layer of well B-1 in the east high point is only
flowing bottomhole pressure at the same flow rate.
7.72MPa. As a result, the average daily gas producThe higher the compression ratio of the pressurization of single well in December, 2018 is only 46.8%
tion device is, the lower the bottom hole flow presof the scheme design index. Well B-1 was shut
sure in the high producing area is. Taking the welldown for only 10 months in 2018 due to low preshead pressure 6 MPa as an example, if the gas prosure. There is an urgent need for pressurization to
duction is 15 × 104 m3 and there is no pressurization,
restore gas well production.
the
flowing bottomhole pressure is 7.2MPa. After

using
different power compressors, the flowing
9/::<92A;276 /=22/ 26 09/;4B 9/ <2/
bottomhole
pressure can be reduced to 1.3MPa.
17;;75174/+47>89/::<9/6 25897=/0:+2/4 
9/27=/9B9;27 When the wellhead oil pressure of
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++/2;7+89/::<92A;276 /=22/76+47>26017;;75174/89/::<9/
# 
";;2:;2247+7249/27=/9B9;/89/ 22;/ 1B 2++/9/6;>/441/ 89/::<9/:
Maximum wellhead pressure
6.0
5.0
4.0
3.0
2.0
1.5
(MPa)
Recovery ratio
16.05
20.81
25.17
30.47
33.90
36.30
(%)

The numerical simulation results show that,
after pressurization the gas well, the oil recovery
ratio of the gas reservoir can be significantly improved (Table 1). The lower the wellhead pressure
is, the higher the oil recovery ratio is.

8;252A;2767+89/::<92A;276;25/+790:
0;1/9260 :;;276 At present, the pressurization
mode of gas collector station is mostly adopted [2224]. When the gas gathering station is used as the
unit for centralized pressurization, it is convenient
for the centralized setting of the compressor unit,
sharing and maintenance of some facilities. It is
required that the wellhead pressure of all produc-

1.0
37.52

tion wells in the gas gathering station is close to the
external pressure to reduce the loss of pressure
energy of a single well. Due to the inconsistency of
production time and output of each production well,
the wellhead pressure of each production well is
inconsistent. The wellhead pressure of all production wells in the gas gathering station can be consistent by adjusting production to unify the pressurization of the gas gathering station. Production
wells with wellhead pressure lower than outward
transportation pressure can restore wellhead pressure by reducing production. Production wells with
higher wellhead pressure can reduce wellhead pressure by increasing production (Table 2).
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#1/8979;276;14/7+>/441/ 89/::<9/6 0:897 <2;2761/+79/6 +;/9 3<:;5/6;26 /2/51/9
 8260:+2/4 
NO

1

2

Well
B-1
B-2
B-5
B-6
B-7
B-8
B-3
B-4
B-9
B-10
B-11

In December, 2018
Wellhead pressure (Mpa)
Production (104m3/d)
6.01
0
8.27
13.6
6.18
11.7
6.24
11.3
6.7
12.3
7.09
13.1
6.42
12.8
6.39
15.8
6.93
6.5
7.52
12.3
10.74
18.5

After the adjustment
Production (104m3/d)
0
18.3
12.1
13.3
15.5
16.1
14.8
13.9
8.4
17.2
20.7


# 
9/::<92A;276 /:206;9/;5/6;6 /2767522/=4<;27626 /?7+5262609/
Treatment
Basic treatment
Treatment 1

Treatment 2

Treatment 3

Treatment 4

Treatment 5

Treatment 6

Treatment 7

Main points

Predicted pressurization
time
First
Second

No pressurization, maximum wellhead
pressure 6MPa
First stage, maximum wellhead pressure
3MPa
First stage, maximum wellhead pressure
3MPa
Second stage, maximum wellhead
pressure 1.5MPa
First stage, maximum wellhead pressure
1.5MPa
First stage, maximum wellhead pressure
3MPa
Second stage, maximum wellhead pressure 2.5MPa
Third stage, maximum wellhead pressure
1.5MPa
First stage, maximum wellhead pressure
1MPa
First stage, maximum wellhead pressure
3MPa
Second stage, maximum wellhead pressure 1MPa
First stage, maximum wellhead pressure
3MPa
Second stage, maximum wellhead pressure 2.5MPa
Third stage, maximum wellhead pressure
1MPa

By using the numerical simulation method, the
pressurization time of each well is determined by
adjusting the gas production of each well. That is,
the wellhead pressure of each well is reduced to
6.0MPa. It is suggested that mining area B should
be supercharged in two batches. The first batch of
six wells was supercharged in September, 2019.
The well numbers are B-1, B-2, B-5, B-6, B -7, B-8.
The second batch of five wells was supercharged in
January, 2022. The well numbers are B-3, B-4, B-9,
B-10, B-11.

Predicted
recovery rate
(%)

Incremental
internal rate of
return (%)

/

/

16.05

/

2019.9

2022.1

30.47

42.10

2019.9

2022.1
36.13

37.36

2021.9

2027.1

2019.9

2022.1

36.30

29.96

2019.9

2022.1

2021.9

2027.1

35.68

43.21

2029.9

2032.9

2019.9

2022.1

37.52

20.40

2019.9

2022.1
37.29

32.01

2021.9

2027.1

2019.9

2022.1

2021.9

2027.1

36.67

42.21

2029.9

2032.9

8;252A;276 7+ 89/::<92A;276 ;9/;5/6;
In order to improve the gas well production and
recovery rate after the pressure drop in mining area
B, the gas field is supercharged in two batches.
Seven pressurization modes are designed to predict
the numerical simulation index [25-29] (Table 3).
The Table 3 shows that the incremental investment internal rate of return of the fourth pressurization treatment in mining area B is the highest,
reaching 43.21%. The added net profit of the optimized pressurization treatment is 7.01 times of the
investment. The economic benefit is remarkable.
The oil recovery rate can be increased from 16.05%
to 35.68%.
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(1) On the basis of determining the gas spillage by volume method and material balance method, the virtual wells were set up by numerical simulation method. A numerical model considering gas
spillover was established.
(2) It is determined that the optimal pressurization treatment is the centralized station pressurization. The pressurization time is the time of wellhead pressure 6MPa. Combined with economic
evaluation, the best pressurization stimulation
treatment is divided into two batches. Each batch
adopts the three stages pressurization treatment.
The maximum wellhead pressure of the first stage
is 3.0MPa. The maximum wellhead pressure of the
second stage is 2.5MPa. The maximum wellhead
pressure of the third stage is 1.5MPa.
(3) After optimization, the oil recovery rate of
the pressurization treatment can be increased from
16.05% to 35.68%. The added net profit is 7.01
times of the investment. The economic benefit is
remarkable.
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tones) while the cultivated area was 15.529 (000) ha,
whereas the okra production in Khyber Pakhtunkhwa was 16.809 (000 tones) and the cultivated
area was 2.083 (000) ha [1]. Okra plants needs high
temperature throughout the growing season because
okra plant can’t germinate and grow below 16oC,
while the seeds are germinating well if the temperature is somehow 22oC to 35oC respectively. The major abiotic stresses such as drought, salinity, heat
stress and water-logging are the main climatic factors for declining crop production in many developing countries [2, 3, 4]. Among them, drought stress
is considered the most important one that adversely
effect on the yield and quality of many field crops
including oilseeds also [5], through altering the
growth, physiology and metabolic activities of plants
[6].
Undoubtedly, irrigation water deficit is one of
the most common a biotic stress which have a negative impact on plant growth and productivity. Water
deficit increases production of reactive oxygen species, hydrogen peroxide, superoxide, singlet oxygen
and hydroxyl radical in cellular organelles as peroxisomes chloroplasts and mitochondria, negatively
impacting various processes such as photosynthesis,
stomatal conductance and plant growth [7]. Plant tissues damage and death will happen if water stress is
long due to reactive oxygen species output will adverse the scavenging action of the antioxidant regulation [8]. One of the physiological procedures that
occur when plant is subjected to water deficit stress
is closure stomatal to decrease water losses through
transpiration [9]. Furthermore, the reduction of active substance content in some medicinal plants may
occur as a result of excessive irrigation, and reducing
the amount of irrigation water can result in an increase of essential oil content in plant organs. Agronomic management factors such as irrigation play
important roles in achieving the maximum potential
of productivity in crop plants [10].
Salicylic acid (SA) is a plant growth regulator
known as an endogenous signaling molecule, which
is involved in various physiological processes in

Salicylic acid (SA) is known as an endogeneous signaling molecule that is involved in physiological processes in plants, plant resistance and tolerance to biotic and abiotic stresses. This study was
carried out to assess the response of salicylic acid
and irrigation intervals on growth and yield of Okra
(  L.) variety TS-NARGIS
using RCB Design with split plot arrangement having two factors i.e. irrigation intervals (5, 10 and 15
days) and Salicylic acid (0, 80, 160 and 240mgl-l),
replicated three times. Data regarding morphological
traits (plant height, stem diameter, number of leaves
per plant) and yield related traits (Number of pods
per plant, single pod weight, average pod length, and
total yield per hectare) were recorded. Results
showed that the reduction of irrigation interval from
15 to 5 days statistically improved maximum plant
height, number of leaves, stem diameter, while minimum days to flowering, minimum days to first picking and maximum single pod weight, pod length, no
of pods plant-1 and high yield were recorded at 10
days irrigation interval. Application of salicylic acid
at 240mgl-1 had minimum days to flowering, days to
picking and maximum single pod weight, average
pod length, plant height, no of leaves plant-1, number
of pods plant-1, stem diameter and yield.


%#
 , drought, morphological traits,
physiological traits, plant growth regulator, irrigation interval
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Okra (  L. Moench) is
an important summer vegetable. However, Pakistan’s okra productivity is lower than average
productivity of India i.e. 11.6 t/ha. The aggregate
production of okra in Pakistan was 118.968 (000
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plants, such as growth regulation, photosynthesis,
stomatal conductance, nutrient uptake, plant water
relations and mechanisms of plant resistance and tolerance to biotic and abiotic stresses [11, 12]. Several
studies have demonstrated that exogenous SA application enhances plant growth and development. [13]
showed that mustard plants sprayed with low concentrations of SA produced larger amounts of dry
matter and had higher photosynthetic rate in comparison with control plants. The present study was
planned to investigate the effect of irrigation intervals and foliar application of various level of salicylic acid on the morphological and yield traits of
okra.

liter were adjusted with distilled water to obtain the
different concentration of salicylic acid 0, 80, 160
and 240 mgL-1. Different concentrations of salicylic
acid solution were applied 3 times at 15 days interval. Foliar application were three times sprayed
through manual pump after 15 days of germination.

'(* @+@''-/%(. Before sowing the seeds
experimental plot was prepared. To break all of the
clods the experimental plot was properly ploughed
and the recommended dose of NPK (120-60-60)
were applied to the field as a basal dose. 50% of the
nitrogen was also applied to field before sowing,
while 50% was applied after 30 days. Okra seeds
were soaked for 12 hours before sowing and the
seeds were then sown manually on 30th March 2018.
After seeds sowing the field was irrigated properly.
When seedlings attained proper size thinning was
done to maintain the recommended distance and
number of plants per plot. All of the cultural practices hoeing, weeding etc. were performed
uniformly.

'-' )%!!+)-/%( Days to blooming was computed from sowing to the first blossoming from the
selected five plants randomly from every treatment.
Days of five planted were counted from Sowing to
first picking in each treatment randomly for days to
first picking. Number of fruits per plant were recorded by counting the no of fruits plant-1 from randomly selected five plants in each sub plot, and their
average was calculated. From each treatment ten
(10) pods were selected randomly and with the help
of electronic balance their weight was done and
weight was divided by that particular numbers.
Length of the okra fruits (cm) were measured
through measuring tape without pedicel from randomly selected five plants from each sub plots and
their average were calculated. Number of leaves per
plant was noted by counting the no of leaves plant-1
from randomly selected 5 plants in each treatment at
the end of the crop, and their average was calculated.
Height of the plant (cm) was measured with measuring tape from five randomly selected plant in each
treatment and their average was calculated. With the
help of vernier caliper, the stem diameter (mm) was
measured from the base, middle and top of the stem
from randomly selected five labelled plants and their
average was calculated. From each sub plot based on
yield (tons hac-1), total yield per hectare from all the
harvested picking were calculated by using the given
equation 
    

Total yield =
A10,000m2
  

'-' ('!?#/# The results of experimental
study were generated using Statistix software version (8.1) and their ANOVA were analyzed to determine the effects of the main treatments and their
means were separated by least significant difference
(LSD) at 5% level of significance [15].

  

>@+/+(-'! #/-+ The experiment was conducted at the Agriculture Research Farm of the KPK
Agricultural University, Peshawar, Pakistan during
summer 2014. The experimental farm is located at
34.01o N latitude, 71.35o E longitude at an altitude of
350 m above sea level in Peshawar valley. Peshawar
is located about 1600 km north of the Indian Ocean
and has continental type of climate. The research
farm is irrigated by Warsak canal from river Kabul.
Soil is clay, low in organic matter (0.87%), extractable P (5.6 mg P kg-1), exchangeable potassium (121
mg K kg-1), alkaline (pH 8.2) and is calcareous in
nature. Soil physiochemical properties such as texture, organic matter), AB-DTPA extractable P and
exchangeable K were determined according to
standard procedures [14]. Mean annual rainfall in the
region varies from 300 to 500 mm, of which 70%
occurs in summer.
>@+/+(-/'!*+#)/@-/%(The experiment was
comprised in RCB Design with split plot arrangement having twelve treatments which were replicated three times. Three different levels of irrigation
intervals (5 days, 10 days, and 15 days) and four concentration (0, 80, 160, and 240mg l-1) 0f Salicylic
acid were applied. The whole field was divided into
nine (9) mains plots while each main plot was then
sub divided into four (4) subplots. Area of main plot
was 6m x 1.5m and area of each subplot was 1.35m
x 1.5m. Each sub plot was consisted of two rows and
each row contain 5 plants. Row to row distance was
maintained to 60 cm while distance between plants
to plant was 30 cm. Irrigation intervals (5, 10, and 15
days) was applied to main plot, while the foliar application of Salicylic acid (0, 80, 160, and 240mgl-1)
were applied to subplot.

'!/)?!/)')/*#-%)1#%!-/%(@%)+*+Salicylic acid (SA) is not dissolve in water uniformly so
recommended amount of salicylic acid along with
few drops of ethanol were added in water. After dissolution of salicylic acid then the final volume of 1
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cm), minimum no of leaves (24.72) and minimum
number of pods (21.05) plant-1 were recorded in control treatment (Fig 1). Fig 1 revealed that stem diameter increased from 16.60 to 20.98 mm when the irrigation interval was reduced from 15 to 5 days.
Maximum yield (16.16 tones ha-1) was recorded
when plants were irrigated with 10 days interval
while minimum yield (10.09 tones ha-1) was recorded with 15 days irrigation interval. Stem diameter
increased to (20.61 mm) and pod yield increased to
15.56 (tons ha-1) with salicylic acid application at the
rate of 240mgl-1 as compared to control (18.29 mm)
and (10.71tons ha-1).
The current finding showed that 15 days irrigation intervals and exogenous application of salicylic
acid significantly minimize days to first flowering.
This might be due to that in stress condition plants
goes toward reproductive stage rather to vegetative
growth. The current findings indicated that plant
treated with salicylic acid initiated earlier flowers
than control. It is believed that plants has the ability
to produce flowers under un-favoured (stressed)
condition, such as low nutrition, low or high temperature, more or low moisture levels, or high or low
light intensity are responsible as stressed induced
flowering. SA have oxygen, carbon and hydrogen at
their particular ratio which play a specific role in the
production of fruits and flowers. On the other hand
the salicylic acid make the plant capable to abiotic
and biotic stresses. Irrigation interval after 15 days
showed earlier flower production might be due to in
stress conditions that plants may go to reproductive
phase rather than vegetative growth. Similar results
were observed by [16] reported that plants in stress
condition do not wait to suitable season for flowering. Irrigation at specific time with proper amount
of water is important factor to give high yield and
production. Like environment and other factors, irrigation is the most important attribute, which affect
the quality and production of the vegetables. Irrigation play a crucial role in development of flowers.

! !
Growth and yield attributes of okra were statistical differed with individual effect of Irrigation intervals and foliar application of salicylic acid, while
their interaction had non significant influence on all
studied attributes of okra (Table 1). Regarding irrigation intervals, the minimum days to flowering
(43.67 days) and minimum days (47.38 days) to first
picking were observed in plant which were irrigated
at 10 days of interval. While maximum days to flowering (47.09 days) and days (51.31 days) to first
picking were observed when the field was irrigated
at 5 days interval. In case of exogenous application
of salicylic acid, the minimum days to flowering
(43.15 days) and minimum days (46.99 days) to first
picking were recorded when the plants were sprayed
at the rate of 240mgl-1. While maximum days to
flowering (47.28 days) and maximum days (51.37
days) to first picking were recorded in control treatment (Fig 1). Similarly maximum value of single
pod weight (13.14 g) and pod length (11.49 cm) were
observed when the plants were irrigated at 10 days
interval, while minimum value of single pod weight
(10.56 g) and pod length (10.05 cm) were recorded
in plants irrigated at 15 days interval. Foliar application of salicylic acid at 240mgl-1 showed the highest
single pod weight (12.91 g) and average pod length
(11.42). While minimum single pod weight (10.69 g)
and minimum average pod length (9.37 cm) were observed in control treatment (Fig 1).Similarly taller
plants (132.06 cm), highest number of leaves (31.28)
and highest number of pods (24.78) plant-1 were recorded at 5 days irrigation interval as compared to
plants at 15 days irrigation interval which had lowest
plant height (123.3 cm), number of leaves (24.03),
number of pods (19.24) plant-1. In case of exogenous
application of salicylic acid at 240mgl-1 had maximum plant height (130.75 cm), maximum number of
leaves (30.39) and maximum number of pods
(24.24) plant-1, while minimum plant height (124.92
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Replications
Irrigation
intervals
Error-I
SA
IR X SA
Error-II
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7.033ns

#
1.8209ns
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0.64056ns
3.19ns



 
111.110ns


0.167ns


0.3432ns


1.1998ns

%
1.388ns

2

373.174*

47.09*

20.8458*

12.5977*

213.008*

159.361*

95.868*

35.3242*

112.342*

4
3
6
18
35

0.9975
28*
0.3565ns
0.6225

1.7829
37.7085*
0.3052ns
0.7014

0.3096
10.4232*
0.0206ns
0.3165

0.30407
17.2036*
0.28518ns
0.15964

5.42
59.614*
2.059ns
5.681

6.002
54.293*
0.557ns
5.97

7.077
29.9674*
0.9984ns
3.6846

2.183
10.2321*
0.3357ns
1.6185

0.851
43.819*
0.33ns
28.552




*:LSD ≤0.05; ns: Non significant; DTFB: Days to first blooming; DTFP: Days to first picking; SPW: Single pod weight; APL:
Average pod length; PH: Plant height; NOLPP: Number of leaves per plant; NOPPP: Number of pods per plant; SD: Stem
diameter; PY: Pod yield
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[17] attributed the depressing effects of salt
stress on plant growth to an increase in reactive oxygen species which play an important role in damaging all classes of biologically important macromolecules including DNA and the generation of H2O2 and
lipid hydro-peroxides which cause membrane
changes. Reductions in fruit yield are largely attributable to decreases in the viability of pollen or the
receptivity of the stigmatic surface [18] and substantially increased abscission of flowers or young fruit
due to ethylene induction by salinity. Other factors
affecting cell division and cell expansion, such as tissue water status and the concentration of certain
plant hormones e.g. ABA are also involved in the
regulation fruit set under stress. [19] revealed that
salicylic acid make the fruit to mature without effected by biotic and abiotic stresses. Salicylic acid is
a plant hormone which is occurring naturally, and
acts an important signaling molecule which improve
tolerance against biotic and abiotic stresses [20]. Ir-

rigation have a crucial role in maintaining the sustainable growth of vegetables which reduces the
wilting responsible for 60-80% losses. Irrigation is
an important factor which affect the production and
development of the vegetables. Different irrigation
frequencies have good effects on balancing of water,
the quality of fruits and their production [21]. Nutrients are essential for the development and growth of
plants, which is responsible to regulate several biochemical and physiological processes. In plant developmental processes SA plays an important function that effect the uptake of nutrients ant their status,
such as leaf development, vascular differentiation
[22]. Now a days and basically for the future the
main challenge is that how to increase the food production with less water, especially in arid and semiarid regions where the scarcity of water is a major
problem [23].
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traits but the application of SA enhanced the capability of plant to stand up in drought, 70% of irrigation increased the yield of Azmirly cultivar. Exogenous application of salicylic acid increased stem diameter, this could be due to increase in the nutrients
uptake, enhanced the photosynthesis process, increase the movement of photosynthates and enhanced cell integrity. [11, 12] reported that SA is signaling molecule which regulate several physiological processes, enhance nutrient uptake, regulate
opening and closing of stomata and improved plant
growth. Salicylic acid is endogenous signaling molecule which improve the uptake of nutrients, opening and closing of stomata, reduction of ethylene,
promotion of auxin and gibberellin, which regulate
many physiological processes. [35] reported the
same result that SA inhibit production of ethylene
which ultimately increasing fruit number and yield.
[22] proposed that salicylic acid showed positive effect on total yield of tomato.


!

Foliar application of Salicylic acid has shown a
variety of biological changes in plants. Large number of enzymes activities were increased by the application of salicylic acid such as nitrate reductase
and amylase [24]. [25] reported that salicylic acid
shows synergetic effect with auxin and gibberellin.
Salicylic acid is promoted their synthesis which
leads to the increment of fruit length. [26] reported
that biochemical and physiological processes is enhanced by foliar application of salicylic acid which
increase the uptake of nutrients in plant, cell elongation and enhanced cell division, promoted protein
synthesis, regulate sink source relationship. For better growth and yield production the availability of
enough water is essential element during the whole
life cycle of plant [27]. [28] reported that at any stage
of the plant growth and development the deficiency
of water can regulate the plant morphology, physiology and metabolism process. [29] reported that 6
days irrigation interval with combination of salicylic
acid significantly enhanced the growth, physiology
and yield characters of watermelon. The synthesis of
auxin, gibberellin and cytokinen are enhanced by the
application of salicylic acid which plays an important role in the yield and development of the
plants though the salicylic acid and plant growth regulators have the synergistic impact. Auxin is synthesized in the meristem of the plant which is responsible for plant height, while their function is regulated
by salicylic acid. [30] reported that the development
and growth in water melon was enhanced by the application of salicylic acid. [31] reported that all of the
growth parameters such as stem length, root length,
number of leaves and plant height were promoted by
the foliar application of salicylic acid in Red Amaranthus plant. The current result showed that 5 days
irrigation interval significantly enhanced the plant
growth. [32] observed that irrigation frequency significantly increased okra plant height, fruit plant-1,
fruit length.
The current results showed that application of
Salicylic acid significantly increased number of
leaves than control. Salicylic acid had a synergetic
effect on auxin and gibberellin which are growth
promoters responsible for the growth and developments of plant. [33] reported that higher concentration of SA showed negative results while low to medium concentration significantly improvement in no
of leaves per plant, plant height, leaves weight per
plant in onion crop. [34] reported the same result that
foliar application of SA significantly enhanced plant
growth and development. Similar result were also
observed by [35] that no of pods per plant were increased by foliar application of salicylic acid. Unavailability of water is the main factor which are reducing the crop production [36].
The drought condition decrease the cell elongation and cell division, stomata opening as well as the
number of fruits in plants [37]. [37] reported that deficiency of irrigation water decreases all the studied

Based on current findings it could be concluded
that both irrigation intervals and salicylic acid significantly affected the growth and yield of okra. Irrigation at 5 days interval enhanced the vegetative
growth whereas irrigation at 10 days interval enhanced reproductive growth. Foliar application of
salicylic acid at 240 mgl-1 showed best result in all
studied attributes. Okra plant could be irrigated at 10
days of interval in order to obtain the best yield and
exogenous application of salicylic acid at 240 mgl-1
could be used to improve all of the growth and yield
attributes of okra.


[1] FAO (2014) The State of Food Insecurity in the
World [Database]. Retrieved from http://www.
fao.org/3/a-i4030e.pdf.
[2] Hussain, S., Saleem, M.F., Iqbal, J., Ibrahim,
M., Ahmad, M., Nadeem, S.M., Ali, A., Atta, S.
(2015) Abscisic acid mediated biochemical
changes in sunflower (   L.)
grown under drought and well-watered field
conditions. The Journal of Animal and Plant
Sciences. 25, 406-16.
[3] Jahan, M.A.H.S., Hossain, A., Teixeira da Silva,
J.A., EL Sabagh, A., Rashid, M.H., Barutçular,
C. (2019) Effect of Naphthaleneacetic Acid on
Root and Plant Growth and Yield of Ten Irrigated Wheat Genotypes. Pakistan Journal of
Botany. 51, 451-459.

533

"!

 #    



    


[16]Takeno, K. (2012) Stress-induced flowering. In:
Ahmad, P., Prasad, M.N.V. (eds.) Abiotic stress
responses in plants: metabolism, productivity
and sustainability. New York: Springer, 331–
345
[17]Simaei, M., Khavari-Nejad, R.A., Saadatmand,
S., Bernard, F. and Fahimi, F. (2011) Interactive
Effects of Salicylic Acid and Nitric Oxide on
Soybean Plants under NaCl Salinity. Russian
Journal of Plant Physiology. 58, 783-390.
[18]Sakr, M.T., El-Hadidy, M., Abo El-Kheer, A.M.
and Farouk, S. (2004) Physiological studies of
some osmo-regulator on kanulla. International
Conversation Microbiology and Biotechnology
in Africa and Arab Regions. 27th to 29th. 295321.
[19]Yıldırım, E. and Dursun, A. (2009) Effect of foliar salicylic acid applications on plant growth
and yield of tomato under greenhouse conditions. Acta Horticulture. 807, 395–400.
[20]Khan, M.U.H., Chatta, T.H. and Saleem, N.
(2005) Influence of Different Irrigation Intervals on Growth and Yield of Bell Pepper ( 
  Grossum Group). Research Journal of Agriculture and Biological Sciences. 1,
125-128.
[21]Jamiez, R.E., Vielma, F.R. and Garcia, N.C.
(2000) Effect of irrigation frequency on water
and carbon relation in three cultivars of sweet
pepper. Scientia-Horticultruae. 81, 301-308.
[22]Rubio, J.S., Garcia, S.F., Rubio, F. and Martinez, V. (2009) Yield, blossom end rot incidence, and fruit quality in pepper plants under
moderate salinity are affected by K+ and Ca2+
fertilization. Scientia Horticulturae. 119, 79–87.
[23]FAO (2002) Deficit irrigation practices, water
report. Retrieved from http://www.nmun.org/
ny_archives/ny15_downloads/BGGs/NY15_B
GG_FAO_Update.pdf.
[24]Sharma, S., Sharma, S.S. and Rau, V.K. (1986)
Reversal by phenolic compounds of abscisic
acid- induced inhibition of   activity of
amylase from seeds of   L. New
Phytologist. 103, 293-297.
[25]Datta, K.S. and Nanda, K.K. (1985) Effect of
some phenolic compounds and Gibberellic acid
on growth and development of cheena millet
(    L.). Indian Journal of
Plant Physiology. 28, 298-302.
[26]Gharib, F.A.E. (2007) Effect of salicylic acid on
growth, metabolic activities and oil content of
basil and marjoram. Inter. J. Agric. And Bio.
Pak. 9, 294-301.
[27]Bartoli, C.G., SimontacchI, M., Tambussi, E.
and Beltrano, J. (1999) Drought and wateringdependent oxidative stress: effect on antioxidant
content in   L. leaves. J. Exp.
Bot. 50, 375-383.

[4] El Sabagh, A., Abdelaal, Kh.A.A., Barutçular,
C. (2017) Impact of plant originated antioxidants supplementation on growth, yield and
quality traits of canola plants (   
L.) in North Nile Delta under different irrigation
conditions. Journal of Experimental Biology
and Agricultural Sciences. 5, 163-172.
[5] Alqudah, A.M., Samarah, N.H., Mullen, R.E.
(2010) Drought stress effect on crop pollination,
seed set, yield and quality. In: Lichtfouse, E.
(ed.) Alternative Farming Systems, Biotechnology, Drought Stress and Ecological Fertilization. Berlin: Springer, 193-213.
[6] Islam, M.S., Akhter, M.M., EL Sabagh, A., Liu,
L.Y., Nguyen, N.T., Ueda, A., Saneoka, H.
(2011) Comparative studies on growth and
physiological responses to saline and alkaline
stresses of Foxtail millet (     L.) and
Proso millet (    L.). Australian Journal of Crop Science. 5(10), 1269-1277.
[7] Batra, N.G., Sharma, V. and Kumari, N. (2014)
Drought-induced changes in chlorophyll fluorescence, photosynthetic pigments and
thylakoid membrane proteins of    .
J. of Plant Interactions. 1, 712–721.
[8] Cruz de Carvalho, M.H. (2008) Drought stress
and reactive oxygen species: Production, scavenging and signaling. Plant Signaling and Behavior. 3,156–165.
[9] Ache, P., Bauer, H., Kollist, H., Al-Rasheid,
K.A., Lautner, S., Hartung, W. and Hedrich, R.
(2010) Stomatal action directly feeds back on
leaf turgor: new insights into the regulation of
the plant water status from non-invasive pressure probe measurements. The Plant Journal.
62Y, 1072–1082.
[10]Omidbaigi, R. (2005) Production and Processing of Medicinal Plants. Vol.1. Behnashr
Press. Mashhad, Iran.
[11]Popova, L., Pancheva, T. and Uzunova, A.
(1997) Salicylic acid: properties, biosynthesis
and physiological role. Bulg. J. Plant Physiol.
23, 85–93.
[12]Hayat, Q., Hayat, S., Irfan, M. and Ahmad, A.
(2010) Effect of exogenous salicylic acid under
changing environment: A review. Environ. Exp.
Bot. 68, 14–25.
[13]Fariduddin, Q., Hayat, S., Ahmad, A. (2003)
Salicylic acid influences net photosynthetic rate,
carboxylation efficiency, nitrate reductase activity and seed yield in    . Photosynthetica. 41, 281–284.
[14]Amanullah., Khattak, R.A and. Khalil, S.K.
(2009a) Effects of plant density and N on phenology and yield of maize. Journal of Plant Nutrition. 32, 246-260.
[15]Field, A. (2005) Discovering Statistics Using
SPSS for Windows Advance Techniques for
Beginners. SAGE publications. London, UK.

534

"!

 #    



    


[28]Ashraf, M., Afzal, M., Ahmad, R. and Ali, S.
(2011) Growth and yield components of wheat
genotype as influenced by potassium and farm
yard manure on a saline sodic soil. Soil Environ
30, 115-121.
[29]Karuppalah, P. (2010) Effect of irrigation
scheduling, mulching and salicylic acid on
growth, yield and quality of watermelon under
rice fallow condition. The Asian Journal of Horticulture. 5, 371-375.
[30]Sayyari, M., Ghanbari, F., Fatahi, S. and Bavandpour, F. (2013) Chilling tolerance improving of watermelon seedlings by salicylic acid
seed and foliar application. Sci. Biol. 1, 67-73.
[31]Khandaker, L., Masum Akond, A.S.M.G. and
Oba, S. (2011) Foliar application of salicylic
acid improved the growth, yield and leaf’s bioactive compounds in red amaranthus (  
 ). Vegetable Crop Research Bulletin. 74, 77-86.
[32]Ghannad, M., Madani, H. and Darvishi, H.H.
(2014) The response of okra crop to sowing
times, interval and sowing methods in Shahrood
region. Intl. J. Agric. Crop Sci. 7, 676-682
[33]Amin, A.A., Rashad, M. and Abagy, H.M.H.
(2007) Physiological effect of indole-3 butyric
acid and salicylic acid on growth, yield and
chemical constituents of onion plants. J. Appl.
Sci. Res. 3, 1554-1563.
[34]Abou El-Yazied, A. (2011) Effect of Foliar Application of Salicylic Acid and Chelated Zinc on
Growth and Productivity of Sweet Pepper ( 
  L.) under Autumn Planting. Research Journal of Agriculture and Biological
Sciences. 7, 423-433.
[35]Leslie, C.A. and Romani, R.J. (1986) Salicylic
acid a new inhibitor of ethylene biosynthesis.
Plant Cell Rep. 5(2), 144-146.
[36]Mohamed, M.F. (1996) Response to gradient
prolonged intervals of irrigation under heatstress conditions and interspecific hybridization
for five tepary bean lines. Assiut J. Agric. Sci.
27(4), 107-123.
[37]Farooq M., Basra, S.M.A., Wahid, A., Ahmad,
N. and Saleem, B.A. (2009) Improving the
drought tolerance in rice ( !   L.) by
exogenous application of salicylic acid. J.
Agron. Crop. Sci. 195, 237-246.

+)+/<+*
))+@-+*


    
   

! 

@.'!!!'.
Department of Horticulture,
The University of Agriculture,
Peshawar – Pakistan

e-mail: izharhorticons361@aup.edu.pk

535

$#

! %  





!"  ! 




#$$$$$ %!&%!)%* $!
" %$ !%$!$# '#!  %

?7,C?8,=34< ,100637,/ +,1,<;-,63,8 ?3,77,/$93,46 $98,48, ,D,< 
?3,77,/ ,/007 4<,,>47, ?=>,8=,<;-,6 370/?800- %,<4;,3799/3,8 
=7,=31,; +?614;,<64 %,=A,<3=,8 
1
Department of Botany, University of Sargodha, 40100, Sargodha, Pakistan
Department of food science, University of Sargodha, 40100, Sargodha, Pakistan
3
Institute of molecular biology and biotechnology, The University of Lahore, Sargodha Campus, Pakistan
4
College of plant protection, Shenyang agricultural University, China
2



$%#%

polluted soil varied from 0.04 mM to 032 mM but
when Cd level in soil increases from 0.32 to 1 mM
then soil is consider as polluted soil. Smelting of Zn
and heavy traffic also a reason to Cd pollution in
environment. There are two basic ways in which
concentration of heavy metals in soil elevates and
results the toxicity symptoms. One way is competition of heavy metals with other essential nutrients
in uptake and other way is accumulation of heavy
metals in plant tissues and cells, and its role in metabolism [3].
Animal slurries cause to elevate the metals
level at toxic level and effect the tissues of grazing
[4, 5]. High levels of this metal in shoot can hinder
the activity of nitrate reductase in shoot, thus
transport of nitrate from soil to root and translocation within the plant is also disturbed [6].
Food is known as main pathway for many
metals, especially in regions contaminated food
consuming population. Peoples expose to Cd toxicity who fulfill their nutrient requirements specifically on one restricted area because Cd in their diet is
not diluted by any other food from non-polluted
area. It mostly shown in developed countries. Place
of plant growth and environment play significant
role in accumulation of trace metals in leafs and
mostly accumulate in leaves. [7, 8]. Cadmium possess serious health threats as it absorbed in placenta
through pregnancy and also absorbed via the alimentary tract. Cadmium is consider as most important metal because of its health issues related to
human and animal. It is the only metal which cause
health problems for animal and human at that concentration which is not toxic for plants Wastewater,
industry and agricultural processes contain high
level of metals and consider main source of heavy
metals accumulation in food chain [9, 10].
The analysis of animal excrement is preferable
because it does not involve butchery of the grazers
and gives day to day variations in the heavy metal
concentration. The concentration of metal in feces
of ruminants depends majorly upon their feed and
to a lesser extent on metals in water and those absorbed through skin and respiration. Metals are
absorbed in the gut tract and processed before defe-

A research study was carried out to assess the
bioavailability of Cadmium (Cd) in soil-plantanimal continuum. The relation between total available quantity of Cd in soil, transition of the metal
into forages and its assimilation into goats feeding
on these forages was studied. A significant amount
(0.23 to 0.33 mg/kg) of Cd existed in soil in potentially available form. Plants absorb a number of
elements from soil, some of which have no known
biological function and are known to be toxic at
low concentrations. However, the concentration of
Cd (0.13 to 0.20 mg/kg) reported in the present
study lies within the permissible limits of
WHO/FAO. As plants constitute the foundation of
the food chain, some concerns have been raised
about the possibility of toxic concentrations of certain elements being transported from plants to higher strata of the food chain. The study was carried
out to address such concerns which were ruled out
as a consequence of the present research because
the level of Cd was within the safe limits in soil,
forages and goats in the study area.


*(!#$
Cadmium, Bioavailability, Food chain, Toxic
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The content of heavy metals in soil is built by
natural as well as anthropogenic sources. Weathering of rocks is the major natural source, while anthropogenic sources include metallurgical operations, industrialization, mining, waste disposal, ignition of fossil fuels in automobiles and industries
[1]. Chromium, copper, cobalt, cadmium, nickel
and zinc are released from industries and sewage
wastes. Use of fertilizers, pesticides and sewage
sludge also cause to increase the metal concentration in soil [2]. The uptake of mineral nutrients
through plant roots is largely affected by concentration of cadmium in rhizosphere. Cd level in non-
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cation. Cadmium is poorly absorbed by the plants
due to its strong affinity with topsoil. Forages cannot be accused of contaminating goats with the
metal. Contamination could be the result of soil
ingestion by the ruminants. Thus, fecal analysis
could be used for assessment of concentration of
metal in the soil in which forages are grown [11].
Current work show impact of season on cadmium
availability and its transfer in food chain and help
to improve the livestock health and disease identification in relation to different physiological stages
like sex and age. The present research aimed to
assess the movement of Cd from rhizosphere to
primary consumers through producers under the
influence of spatio-temporal variations.

$>?/C $4>0 The present investigation was
conducted at two sites of (Tehsil Bhakkar and
Tehsil Darya Khan) District Bhakkar, Pakistan having average annual temperature 24.6 °C and average rainfall 213 mm. Each site was divided into 10
plots and Goats were divided into four groups or
stages, [Does (Female), Bucks (Male), Wether
(Castrated), Juvenile (6 month)] 10 in each group
and sampling of blood from these different goat
stages were collected. All goats were one year old
except juvenile which were 6 month old. All sampling was done in four different seasons ) (S1)
Summer, (S2) Winter, (S3) Autumn and (S4)
Spring. Forages were also listed on which ruminants fulfill their feeding requirements (Table 1)

699/=0<?7 10.0= ,8/ ?<480 =,7:60= .96
60.>498All samples were collected from four categories of the Goats [Does, Bucks, Wether, and Juvenile (10 in each group)]. Blood, feces and urine
sampling was completed by the method given of
Kamada et al. [14].

$,7:60 =4D0 .,6.?6,>498 19< ,847,6= The
sample size for the goats used in this work was taken by using the formula for a study comparing two
means [15] as shown below: 
 σ +.<4>+:A<)/ 
The calculated size was:
N=4*0.512(1.96+0.842)/0.192, N=80
Therefore, the total number of goats for the
four seasons were:
80 goats x 4 seasons = 320 ruminants.

8,6C>4.,6 "<9.0/?<0 >9 0>0<7480 480<
,6=Cd detection in all samples was done by using
Atomic Absorption Spectrophotometer PerkinElmer AAS-5000 (Perkin-Elmer Corp., 1980) after
wet digestion.

$>,>4=>4.,6,8,6C=4= Ggplot2 package in software R was used for the formation of combined box
plot. Statistix 8.1. was used for performing analysis
of variance (ANOVA) along with least significant
difference (LSD) test [16].

49.98.08><,>498 1,.>9< Bio-concentration
is find out by using the formula devised by Cui et
al. [17].

"966?>498 9,/ 8/0B " Pollution Load
Index is determined by the formula presented by
Liu et al [18].

8<4.3708> ,.>9<  Enrichment factor
is calculated by formula of Buat-Menard & Chesselet [19].

$946,8/19<,20Soil samples (100 gram) and
available forages and fodders samples on which the
goats graze) were collected from every 10 plot of
site and made into one composite sample. Soil
sampling was done by using techniques of Rhue
and Kidder [12] and forage sampling was done by
using methods of Sanchez [13].
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$946Cd values in soil showed significant (P <
0.05) variations in site and site x season but nonsignificant (P > 0.05) variation in seasons (Table 2).
Cd contents were ranged from 0.23 to 0.33 mg/kg
in all seasons and sites. Low Cd level was observed
in season 4 at Site-1 and high level was observed in
season 4, at Site-2 (Figure 3). Present investigation
showed that the Cd values in soil was lower than
the values described by Fosu-Mensah et al. [20] but
similar to the Cd values described by Ha et al. [21].
Current values of Cd in soil were also lower than
the permissible values (1.1 mg/kg) recommended
by WHO/FAO [22]. This result showed that the
present Cd level in soil samples was in safe limits.
Soil Cd has serious effects on foods because it
can transfer from soil to plants and food products.
Level of Cd in foods depends upon the Cd concentration in soil, and chemical and physical nature of
soil [23]. Cd level in soil may increase if different
industries like cement factories and steel are present
in an area. Application of agrochemicals also cause
to increase the level of Cd in soil. Long term application of agrochemicals is directly relation to increase the heavy metal level in soil [24]. Cd level of
present study was in safe limits which might due to
not availability of industrial pollution in the study
area and proper use of agrochemicals.
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9<,20=Analysis of variance of data showed
that Cd in forages showed a significant (P < 0.05)
effect in site and site x season but the nonsignificant effect (P > 0.05) in seasons (Table 2).
All seasons of both sites showed that Cd concentration in forages varied from 0.13 to 0.20 mg/kg. The
highest Cd level in forages was observed in season
4, at Site-2 and the lowest was observed in season
4, at Site-1 (Figure 3). Cd concentration of forages
in the present study was lower in site 1 and almost
similar at site 2 to the permissible limit (0.3 mg/kg)
given by WHO/FAO [25] and higher to the values
described by Moreki et al. [26].
Current results of Cd in forages was in safe
limits and not showed any toxic effects. Industrial
wastes and contamination of sewage results to
elevate the Cd level in forages [27]. Accumulation
of Cd in animals and human body via vegetable
consumption shows severe effects in terms of liver
failure and kidney damage. High level of Cd also
interrupts the phosphorus and calcium metabolism.
An excess amount of Cd affects the lungs and as a
result of permanent damage occur. High Cd
concentration of water and forages disturb the
stomach results diarrhea and vomiting in ruminants
[28]. But current results showed that there was no
any industrial waste involvement in the forages and
also in soils of studied area.
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(0>30<

?@08460
!@0<,66

$9?<.0
Blood
Feces
Urine
Blood
Feces
Urine
Blood
Feces
Urine
Blood
Feces
Urine

/0,8=
0.344563
0.288269
0.262019
0.283625
0.225519
0.202394
0.295
0.238663
0.2145
0.306875
0.252269
0.227706
0.261783

/$>/0@
0.063287
0.092147
0.110122
0.066699
0.093866
0.105598
0.083234
0.104891
0.11661
0.080246
0.104995
0.118399
0.104407

/$>/<<
0.007076
0.010302
0.012312
0.007457
0.010495
0.011806
0.009306
0.011727
0.013037
0.008972
0.011739
0.013237
0.003370

/4847?7
0.215
0.11
0.06
0.16
0.055
0.03
0.155
0.06
0.015
0.155
0.055
0.005
0.005000

/,B47?7
0.47
0.46
0.455
0.42
0.41
0.405
0.465
0.455
0.445
0.465
0.4665
0.4615
0.470000

lower than the values recommended by Adesoye et
al. [32]. Cd level of urine in the present investigation was below the Cd level of urine described by
Abulude et al. [33]. Cadmium concentration in animal is affected by seasons, availability of Cd in
forages and absorption from forage to animals.
High concentration of Cd shows carcinogenic effects but its carcinogenic effects can be reducing by
the high amount of zinc Cadmium also compete as
binding site in zinc finger which has its importance
in genomic stability, gene regulation and enzyme
activity [34]. Animals provide food material to other organisms and also play significant role to provide wool for the local people [35]. Fecal excretion
is high in the animals due to low absorption of Cd
in the intestine. Excretion of Cd through feces and
urine is almost equal and very slow. Cd level of
urine is also indicator of body burden. Cadmium
absorption is very low in gastrointestinal tract, lung
and skin but high cadmium exposure also cause to
damage nervous system [36]. In the present study,
determined Cd level was in safe limits and it can be
said that goats had no exposure of any toxic or polluted environment.

9,>= Analysis of variance of goat data exhibited that Cd had significant (P < 0.05) variation
in site and site x season but non-significant (P >
0.05) variation in seasons (Table 2). Level of Cd in
goats varied from 0.13 to 0.39 mg/kg in all seasons
at both sites. Season 2 of Site-1 showed the minimum and season 2 of Site-2 showed the maximum
level of Cd in goats (Figure 3). Analysis of variance
of data showed that source and stage had significant
(P < 0.05) effect and source x stage had nonsignificant (P > 0.05) effect on Cd concentration
(Table 2). Cd level in the present study was ranged
from 0.21 to 0.34 mg/kg in all source and stages
(Table 3). The lower level of Cd was present urine
of Wether and the higher level of Cd was present in
the blood of does.
Data of box plot revealed that Cd in blood
plasma was available from 0.20 to 0.40 mg/L in all
season at both sites. The minimum level of Cd was
observed at Site-1, in season 2 and the maximum
level of Cd was observed at Site-2, in season 2. Cd
in feces was ranged from 0.10 to 0.39 mg/kg. Higher concentration of Cd was present in season 2, at
Site-2 and lower concentration was present in season 2, at Site-1. Level of Cd in urine varied from
0.07 to 0.39 mg/L at both sites in all seasons. Season 2 of Site-1 showed the minimum and season 2
of Site-2 showed the maximum concentration of Cd
in urine (Figure 2). Blood Cd in the present study
was higher than the findings of Ubwa et al. [29]but
these Cd values was lower than the permissible
limits (0.5 mg/L) set by FAO/WHO [30]. Cd concentration in blood recommended by Milam et al.
[31] was lower than the values of the present study.
Current Cd concentration in feces of goats was

4998.08><,>498 ,.>9< Cd
Bioconcentration factor in forages varied from 0.49 to
0.64 mg/kg in all season of both sites. Season 1 and
4 of Site-1 showed the minimum and maximum
BCF respectively. BCF for Cd in goats was ranged
from 0.77 to 2.38 at all sites in both seasons. Minimum and maximum level of BCF of Cd for goats
was present in season 2 at Site-1 and Site-2 respectively (Table 4).
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measuring pollution load index. If the value of PLI
is greater than unity then soil is contaminated if it is
less than unity it considered as unpolluted [40]. The
values of PLI in current research was lower than the
reference value of Cd (1.49) suggested by Singh et
al. [41]. PLI for Cd in present work was lower than
the findings of Khan et al. [42].

Bio-concentration factor describes the bioavailability of heavy metals to plant. Ahmad  
[37] recorded higher values of bio-concentration
factor (063-0.80) as compared to present findings.
The values of BCF in present findings were lower
than the values recorded by Mahmoud and
Ghoneim [38]. The difference in bio-concentration
factor might be due to the physico-chemical parameters of soil, binding of metals to plant root, the
type of plant species and difference in absorbing
ability of metals by plant [39].

 " "   = Enrichment factor
for Cd was ranged from 3.67 to 4.83 at both sites in
all seasons. Minimum and maximum EF of Cd was
observed in season 1 and season 4 at Site-1 respectively (Table 4). Current Cd E.F level was lower
from the early work of Muzerengi [43] and Ezemokwe et al. [44]. Abrahim and Parker [45] also reported higher level of E.F from current E.F level.
E.F level was considered as moderate availability of
E.F according to level given by Barbieri [46].

#"  % =Cd PLI in soil at
site 1 and site 2 in all seasons was existed from 0.15
to 0.22. Low value of PLI for Cd was showed in
season 4 at Site-1 and highest value of PLI was
showed in season 3 and 4 at Site-2 (Table 4).
Contamination status of soil is determined by
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The accumulation of oil sludge always affects
the normal operation of the crude oil system and water treatment process. The offshore oil field needs to
carry out regular tank cleaning, which is complicated
and requires the shutdown of some equipment. After
the tank cleaning, the accumulation of oil sludge is
easily to create great harm to human body, soil and
air. The oily sludge must be treated to a standard before it can be stacked or buried. Therefore, it is very
important to develop an economical and environmentally friendly method for the disposal of oil
sludge from clean tanks in offshore oilfields. In this
article, the physical properties of oil sludge samples
were analyzed, three cleaning agents were selected,
and compound experiments were carried out. It was
concluded that when the mass fraction ratio of B: D:
E= 0.25%: 1.00%: 1.00%, the cleaning effect was
relatively ideal, and the oil removal rate reached
84.25%. Through the single factor experiment, the
optimum technological parameters of chemical
cleaning technology for oil sludge removal from offshore oil field were optimized: in liquid-solid ratio
(V/m) 3: 1 mixed cleaning, cleaning temperature
70°C, stirring speed 600 rpm, 40 minutes cleaning,
cleaning level 1. In view of the optimized process,
the oil sludge treatment capacity of tank cleaning
was increased. Each batch of 100 g and 200g oil
sludge cleaning were processed on site, and 5 sets of
repeated verification experiments were carried out
respectively. After cleaning and centrifugation, the
oil removal rate was higher than 94% for single
batch of 100g treatment, and 93% for single batch of
200g treatment. Using the optimal chemical cleaning
process conditions optimized above, the oily sludge
from different sources was treated separately. After
the treatment was completed, the oil, water and solid
were separated by centrifugation. The results show
that the oil removal rate is higher than 85%.

" #"
In the process of handling and storage of crude
oil and refined products, oil of colloid and asphaltene, the high melting-point wax, inorganic impurities (such as mud solid phase particles), will set
down with water, and forming the oily sludge in the
bottom of the storage tanks, which can reduce effective volume of storage tanks [1-5]. The accumulation
of oily sludge will lead to corrosion of the tank wall,
and also a series of reaction will happen with water
and air, so that the amount of oily sludge continue to
increase the, crude oil resource is reduced, so the
tank sludge must be clear on a regular basis. In addition to the crude oil storage tank, sludge is deposited
from the equipment of the platform crude oil treatment system and sewage treatment system [6-8]. The
source of sludge presents the characteristics of multipoint dispersion, and the amount of sludge is increasing, which seriously affects the treatment efficiency
and service life of the equipment.
At the same time, the improper treatment of
oily sludge will also bring a lot of harm to the environment, mainly including the harm to the atmosphere, soil and water [7, 9-10]. Oily sludge contains
a lot of sulfur compounds, aromatic hydrocarbons
and benzodiazepines toxic chemicals, most of which
are volatile and carcinogenic hazards, which have
great damage to humans and animals. The organic
matter in the sludge will also be decomposed to produce methane and other chemical gases, which will
produce greenhouse effect and lead to the rise of atmospheric temperature. In addition, the small particulate matter in the sludge will be weathered in the
atmospheric environment, leading to the increase of
PM2.5 and PM10 content in the air, aggravating the
haze degree. The oily sludge contains petroleum organic matter, can lead to significantly higher organic
matter content in the soil, cause an imbalance of the
soil itself, and because of the hydrocarbons is relatively thick, can jam in the soil pore structure, reduce
the air permeability of soil, this is not conducive to
plant growth and microbial metabolism [11-13]. At
the same time, the crude oil contained in the oily
sludge will also reduce the soil enzyme activity,
which will interfere with the growth of plants, leading to the destruction of regional plants, thereby affecting the ecological environment. The main

&$ !
Offshore oil platform, chemical cleaning technique, oil
sludge, cleaning agent, environmental pollution
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methods of field equipment cleaning and storage
tank cleaning include manual cleaning, chemical
cleaning and mechanical cleaning. But the cleaning
methods have similarities that all methods are processed after the oily sludge accumulated to a certain
extent. It is impossible to fundamentally solve the
deposition and harm of oily sludge in process equipment and crude oil storage tank. At present, the disposal method of clean oil sludge is transported from
offshore oil field back to the land, it is basically the
same as that of oil sludge on land, but it is time-consuming, wastes the oil resources, and has the hidden
danger of secondary pollution [14-18]. Therefore, it
is urgent to study the new oil-bearing sludge treatment process, and to dispose the sludge by offshore
platforms. Currently, there is no mature experience
and method for reference in this aspect.

An effective sludge disposal technology is explored, which can not only solve the pollution problem of sludge to the environment so as to realize the
harmless sludge, but also recycle the precious resources in the sludge and realize the recycling and
utilization of waste. This study combined with the
characteristics and properties of oil sludge from the
tank cleaning in offshore oil fields, analyzed the
chemical cleaning technology that can recover crude
oil resources, and discussed a series of supporting
technological processes suitable for oil sludge treatment in offshore oil fields. It is of great significance
for the improvement of economic benefits of oil
fields and environmental protection of oil and gas
fields.
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=5+7/2+39'1 2'9+7/'18 '3* '55'7'9:8 A
variety of chemical reagents are needed for chemical
cleaning of oil tank sludge. Therefore, many chemical reagents were selected in the laboratory research
as shown in Table 1. At the same time, different experimental methods are used to investigate the cleaning effect of oil sludge, and various experimental instruments are also needed as shown in Table 2.
Furthermore, the samples used in the experiment are mainly collected from terminal treatment
plants and offshore platforms, as shown in Figure 1.
The viscosity of the oil sludge is relatively large with
a certain adhesion, and it is easy to cause serious environmental pollution.

#  
/181:*-+/39.+9'304,4,,8.47+51'9,4728


" 
=5+7/2+39'12'9+7/'18:8+*/39.+1'(
Items
NaCl
KCl
CaCl2
MgCl2
Na2SO4
NaHCO3
Na2CO3
Petroleum ether
Xylene

Manufacturers
Damao chemical reagent factory, Tianjin
Fuchen chemical reagent factory, Tianjin
Damao chemical reagent factory, Tianjin
Damao chemical reagent factory, Tianjin
Fuchen chemical reagent factory, Tianjin
Damao chemical reagent factory, Tianjin
Damao chemical reagent factory, Tianjin
Fuchen chemical reagent factory, Tianjin
Damao chemical reagent factory, Tianjin

Drug level
Analytic reagent
Analytic reagent
Analytic reagent
Analytic reagent
Analytic reagent
Analytic reagent
Analytic reagent
Analytic reagent
Analytic reagent

" 
=5+7/2+39'1'55'7'9:8:8+*/39.+1'(
Apparatus
Spectrophotometer
SpectraAlyzer
Ultraviolet spectrophotometry
Turbidimeter
Constant temperature heating magnetic
stirring device
Thermostatic water bath
Electrothermal blowing dry box
Centrifugal machine
Ion chromatograph
Electronic scales

Manufacturer
Shanghai spectrum instrument co. LTD
Thermo Electron corporation
Shimazu, Japan
Thermo Fisher corporation
Gongyi yuhua instrument co. LTD,
Tianjin birang experimental instrument manufacturing co.
LTD
Tianjin north China instrument co. LTD
Hunan xinke scientific instrument co. LTD
Thermo Fisher corporation
Sidoli scientific instrument co. LTD
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Model type
SP2100
Nicolet6700
UV-2450
TN100
DF-101S
BILON-HW-10T
101-2BN
TGL-10T
ICS-2100
BS-124S

"!

 # 





    


" 
".+4/17+24;'17'9+4,81:*-+8'251+8)1+'3+*(").+2/)'1)1+'3/3-'-+398
Mark
A
B
C
D
E
F
G
H

Surfactant Type
Inorganic
Nonionic
Anion
Positive ion

Cleaning agent
Sodium carbonate
Sodium silicate
Sodium stearate
Polyoxyethylene ether
X- alcohol ether carboxylate sodium
Polyoxyethylene ether sodium sulfate
Cationic chloropolymer
X- trimethylammonium bromide

Oil removal rate/%
37.21
59.48
15.29
54.52
64.45
42.37
28.76
35.60


Moreover, the higher the oil removal rate is, the better the cleaning effect of sludge is.
(3)
removal = (original - residual)/original × 100%


!#"!

."8/)'15745+79/+84,4/181:*-+8'251+8 It
can be concluded that the oil sludge samples in the
clean tank contain much water, ranging from 51.02%
to 84.89%. In addition, 11.55%-41.18% crude oil exists in the form of emulsification in oil sludge, and
its recycling value is very high. The content of mud
and sand reaches 3.56% to 14.27%. Due to its high
viscosity, poor fluidity, stable emulsification and
complex properties, it is difficult to be treated by
general methods. Oil sludge was selected for the experimental study, all of which came from a crude oil
storage tank in an offshore oil field. Its physical composition was: oil content 24.87%, water content
61.31%, mud and sand content 13.82%.

59/2/,'9/43 4, ).+2/)'1 )1+'3/3- '-+398
The composition of oil sludge is very complex and
there are many interfaces in oil cement. The key
point of using chemical cleaning technology to treat
the sludge in the field is to reduce the interfacial tension of the sludge and destroy the relative stability of
the complex emulsification system by chemical
cleaning agent molecule [22-23]. Different types of
chemical cleaning agents have different properties
for the slurry emulsification system, so the key to the
treatment effect of chemical cleaning technology is
to choose the correct and efficient chemical cleaning
agent.
In this study, we selected the cleaning agents of
both inorganic and organic type (nonionic, anionic
and Positive ion), and investigated the relationship
between the structures of chemical cleaning agents
and the final oil removal rate. Different types of
cleaning agents with different structures are used to
clean tank sludge respectively. The final treatment
effect is shown in Table 3.
For the above 8 chemical cleaning agents, the
oil removal rate of oil sludge treated by them was
compared. It can be seen that the cleaning agent has
a certain cleaning effect on tank sludge samples, but
no matter what kind of cleaning agent is cleaned
alone, its oil removal rate is less than 70%, the

."8/)'15745+79"'3'1"8/84,4/181:*-+8'2
51+8,7429'30)1+'3/3-  +9+72/3'9/434,<'
9+7)439+39("*/89/11'9/43 Specific methods: add a
certain amount of xylene and a small amount of zeolite into the distillation flask into the tank sludge
samples of a certain mass M, and then to assemble
the relevant instruments [19]. At the beginning of the
distillation, lower the heating power, adjust the
speed of boiling slowly, when any part of the receiver outside with no water, and the volume of water not change for 5 minutes, the reaction can be regarded as over, and then leave to cool, reading the
volume of water. Thus, the calculation formula of
moisture content of oily sludge samples is:
(1)
water =water /sludge × 100%
 +9+72/3'9/434,4/1)439+39("85+)974
5.4942+97" By means of SY/T 0530-2011, petroleum ether (60-90°C) was selected as the solvent.
The process is as follows: a small amount of oil
sludge sample is weighed and placed in a beaker, and
then it is washed with petroleum ether to dissolve it,
and washed it repeatedly until the color of petroleum
ether becomes clarified. Then the volume is fixed
and the absorbance is tested. According to the standard curve of crude oil, the oil content rate (W-oil) of
oil sludge sample in the clean tank can be obtained.
  !+*/2+39 )439+39 4(9'/3+* (" */,,+7+3
9/'12+9.4* content can be calculated by the following formula:
(2)
Sediment = 1- water - oil

59/2/,'9/43 4, ).+2/)'1 )1+'3/3- '-+398
Firstly, the cleaning agent is diluted into a solution
of 1.0wt%, which is used as an agent for the treatment of tank sludge. The relationship between the
cleaning agent and tank sludge is m1: m2= 2: 1. The
cleaning agent is cleaned for 20 min, until the sludge
can flow easily. The initial temperature can be set at
60°C and the stirring speed at 450 r/min to evaluate
the efficacy of the agent. After cleaning, centrifuge
separation is performed to separate the cleaned upper
layer of crude oil and determine the residual oil
amount W at the bottom of the sludge [16, 21]. Then,
according to the oil content of the sample measured
in the basic data of oil sludge, the original oil content
 of oil sludge is obtained, which can obtain the oil
removal rate of oil sample by chemical cleaning.
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cleaning effect of B, D, E is relatively good. In the
following part, the three single agents will be mixture, and an orthogonal experiment will be designed
to evaluate the experimental results.
In the orthogonal experiment, cleaning agents
B, D and E are set as influencing factors, and the orthogonal Table of 3 factors and 3 levels is established, which is shown in Table 4.

59/2/,'9/43 4, )1+'3/3- 574)+88 5'7'2+
9+78   3,1:+3)+4, 841/*1/6:/* 7'9/4 The reaction temperature was set at 60°C, the mixing ratio of
the cleaning agent and the sludge was changed, and
the cleaning reaction stirring speed was 450 r/min.
After the reaction for 20min, the oil removal rate was
determined by centrifugation. When the liquid-solid
ratio increased from 2: 1 to 3: 1, the oil removal rate
increased significantly. It is because with the increase of liquid-solid ratio, the liquid volume increase, detergent molecular motion of space from the
bottom to larger openings on interface, with the concentration increase unceasingly, the surface tension
of the interface is higher than the original emulsifier
in tank sludge system. The wettability of the emulsifier surface is also changing, making it move from
the interface of the emulsifier to the water or oil
phase. However, the adhesion of oil molecules to
mud and sand is weak, and they float on the water
phase after falling off, thus increasing the oil removal rate. When the liquid-solid ratio is higher than
3: 1, the concentration of cleaning agent molecules
on the interface gradually tends to be saturated,
showing that the oil removal rate tends to be stable.

" 
79.4-43'1+=5+7/2+39'1,')9471+;+189'(1+4,
.+2/)'1)1+'3+78'3*
Factor
Levels
1
2
3

Mass
fraction of B
0.25
0.5
1.0

Mass
fraction of D
0.25
1.0
0.5

Mass
fraction of E
0.25
0.5
1.0

The orthogonal table of L9(33) at the level of 3
factors and 3 levels was selected. First, 30g tank oil
sludge samples were selected to prepare the compound separator. Then, the solid-liquid ratio was 1:
2, the cleaning time was set to 20 min, the cleaning
temperature was 60°C, and the stirring speed was
450 r/min. The oil removal rate is taken as the evaluation index, and the detailed experimental results
are shown in Table 5. The results show that B1, D3,
E3 combination has the best experimental results. In
the compound experiment shown in group L3, oil removal rate of 84.25% can be reached after oil cleaning, and E range is the most obvious, and its concentration has the most prominent influence on the
cleaning effect. Compared with the single agent
cleaning experiment, the mixtures’ cleaning effect is
greatly improved. In the compound cleaning agent
system, when the single agent quality ratio is B: D:
E = 0.25% : 1.00% : 1.00%, the cleaning effect is the
best, and the crude oil recovery rate is up to 84.25%.
In order to further improve the oil removal rate and
make it reach 90% or higher, it is necessary to optimize the cleaning conditions, including liquid-solid
ratio, cleaning time, cleaning temperature, stirring
speed, cleaning series, etc.

  3,1:+3)+ 4, )1+'3/3- 9+25+7'9:7+
Change the cleaning temperature, control the cleaning liquid solid ratio of 3: 1, the cleaning reaction
stirring rate of 450 r/min, clean at different temperatures for 20 min, test the oil removal rate after centrifugation. The oil removal rate is higher at 70°C,
and tends to be stable as the reaction temperature
continues to rise. In the study, the reaction temperature has a great influence on it, higher temperature is
conducive to the reaction of chemical cleaning agent
molecules with oil sludge, but when the cleaning
temperature is low, the binding ability is strong,
chemical cleaning agent cannot mix well with oil
sludge. Experiments show that cleaning at higher
temperatures, the crude oil asphaltene and gelatin on
the interface adsorption decreased, cause the viscosity of oil sludge decreased and with the liquidity and
temperature increases, Brownian motion of the particles increased, increasing the probability of collisions, which small particles are bonded into larger
particles, easier to precipitate, increase the sludge
cleaning efficiency and oil removal rate.

" 
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'3*
Series
number
L1
L2
L3
L4
L5
L6
L7
L8
L9
K1
K2
K3
Range R

B
(%)
0.25
0.25
0.25
0.50
0.50
0.50
1.00
1.00
1.00
60.34
56.67
48.04
12.30

D
(%)
0.25
0.50
1.00
0.25
0.50
1.00
0.25
0.50
1.00
49.64
53.37
56.52
6.88

E
(%)
0.25
0.50
1.00
0.50
1.00
0.25
1.00
0.25
0.50
49.64
53.37
56.52
28.93

Oil removal
rate/%
46.47
50.31
84.25
55.26
69.95
44.80
63.74
39.87
40.53
43.71
48.70
72.64
/

  3,1:+3)+ 4, )1+'3/3- 85++* The stirring
speed of the cleaning reaction was changed, and the
liquid-solid ratio was controlled to be 3: 1. After the
cleaning reaction was performed at 70°C for 20min,
the oil removal rate was centrifuged and compared.
It can be seen from Figure 2 that the reaction stirring
speed has an optimal value for oil removal rate,
while when the speed is too large or too small, the
oil removal rate is not good. When the stirring speed
is about 600r/min, the cleaning reaction effect is relatively stable and the oil removal rate is more than
90%. Therefore, the optimal cleaning reaction
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stirring speed is determined to be 600r/min. As the
stirring speed continues to increase, the cleaning effect of oil sludge in the tank decreases. The reason
may be that when the cleaning and stirring strength
is relatively high, the separated oil and water will
form oil-in-water emulsion again, resulting in
blurred interface and reduced oil removal rate.

all levels of cleaning. After changing the cleaning order, the liquid-solid ratio was controlled to be 3: 1,
the stirring speed was 600 r/min, and the oil removal
rate was determined by centrifugation after 40min
cleaning at 70°C. The results show that the oil removal rate can reach a higher level after grade 1
cleaning. However, after two times of cleaning, the
oil removal rate of the cleaning tank sludge chemical
cleaning basically tends to stabilize, and then increase the cleaning level, for its cleaning effect is not
significant. Comprehensive consideration of cleaning agents, equipment, residence time, economic
cost and oil removal rate of the relationship, select
level 1 to clean.

+5+'9 ;'1/*'9/43 9+89 ,47 459/2'1 )1+'3/3-
574)+88 Based on the above analysis, the optimal
combination of technical parameters of chemical
cleaning technology is obtained: the liquid/solid ratio is 3: 1, the cleaning temperature is 70°C, the stirring speed is 600rpm, and the cleaning time is 40
min. From the economic perspective, the cleaning
level is 1. After repeated verification experiments,
the optimal process parameter is the addition amount
of tank sludge in each reaction is 30g. In the experiment, the single batch processing amount of oil
sludge in the tank was increased to 100g, and 5
groups of reactions were carried out, including 5
groups of reaction of 200g.
According to the data in Figure 3, the best treatment effect is that 100g of sludge is added to each
cleaning tank to achieve an ideal effect. After cleaning and centrifugation, the oil removal rate of the
sludge samples is higher than 94% (94.58%95.75%), achieving the expected oil removal target.
Under the optimal technological conditions, each
batch was cleaned for 200g. After cleaning and centrifugal separation, the oil removal rate was higher
than 93% (93.28%-95.31%), and the expected oil removal target was also achieved.

 ,,+)94,)1+'3/3-9/2+ The cleaning time
was changed and the liquid-solid ratio is control to
3:1, the stirring speed was 600 r/min, and after cleaning at 70°C for different times, the oil removal rate
was determined by centrifugation. It can be seen that,
from 10 to 50 minutes, with the extension of reaction
time, oil removal first increases and then tends to be
stable. Because the cleaning agent molecules adsorbed on the interface to form a surface adsorption
layer, so that the surface adsorption tension is reduced, and the outermost chemical composition has
changed. In the process of cleaning, cleaning agent
and sludge particles and molecules continue to mix,
cleaning agent continues to adsorb at the interface to
replace the original molecules, the surface tension of
the solution will gradually decline, until equilibrium.
Before 10min, it takes time for the separation agent
molecules to be transferred from the inside to the interface. However, the adsorption layer has less molecular and less amount of oil molecules to be desorbed from the interface, resulting in a lower oil removal rate. As time goes by, the adsorption amount
of cleaning molecules on the interface will reach
equilibrium after 40min cleaning. Under this state,
the separation amount of oil molecules gradually becomes stable, and the binding force between oil molecules and solid particles is the minimum, which
shows that the oil removal rate tends to be stable.
  3,1:+3)+ 4, )1+'3/3- 8+7/+8 In order to
improve the deoiling effect of the sludge chemical
cleaning, the sludge samples were washed at different levels, and the deoiling rate was compared after
100

92.75

Oil removal rate/%
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ratio 3: 1, cleaning temperature 70 °C, stirring speed
600rpm, cleaning time 40 minutes, cleaning level 1.
(3) Based on the optimal conditions determined
experiments, the amount of oil sludge treated was increased to 100g and 200g, which were respectively
carried out 5 groups of repeated experiments. After
cleaning and centrifugation, the oil removal rate was
higher than 94% when single batch was processed
for 100g, and 93% when single batch was processed
for 200g.
(4) According to the current status of offshore
oilfield flow and the technological conditions of
chemical cleaning technology, a set of completely
technological process of oil sludge treatment in offshore oil field is designed, which can realize the resource utilization and zero discharge of oil sludge
cleaning technology.


$"!

+)422+3*+* ).+2/)'1 )1+'3/3- 574)+88
According to the previous experimental results, the
preliminary design of the tank sludge processing
chemical cleaning process is: use the treated sewage
(from water buffer tank) compound chemical cleaning agent, cleaning tank sludge stored in the temporary slop tank, according to the agents and sludge
(liquid-solid ratio) 3: 1 (V/m) : take 1 serving tank
sludge in reaction tank, the input volume makes
good quality chemical cleaning agents, 3 times to
start the mixing, heat up to 70 °C, stirring speed can
be adjusted, and detergent mix oily sludge; After
cleaning (40 min), oil, water and mud are separated
by centrifuge. The upper sewage oil is input to the
crude oil treatment system of offshore oil field (inlet
of primary or secondary separator), and the middle
sewage layer is input to the next batch of sludge
cleaning process for recycling. If the cleaning effect
is difficult to guarantee, some chemical cleaning
agents are added to ensure the recycling of reclaimed
sewage. The bottom sludge is concentrated in the
bottom sludge recovery tank, which is cleaned after
the recovery tank is full (the bottom sludge can be
considered to be used for biochemical treatment of
oilfield domestic sewage, which needs later research
and verification).
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At present, the optimization of the optimal thermal recovery temperature in the process of thermal
natural gas hydrate is considered from the aspects of
reducing the heat injection and increasing the heat of
combustion of the gas, that is, the combustion of methane gas under the unit heat injection. The thermal
recovery temperature corresponding to the maximum heat is the optimal thermal recovery temperature. Based on the consideration of reducing the heat
loss in the thermal recovery process, this paper considers the reduction of the duration of the thermal recovery process, introduces the new concept of thermal recovery development efficiency, and defines
the thermal recovery development efficiency as the
unit heat injection in the natural gas hydrate thermal
recovery process. The combustion heat of the average gas production rate is introduced into the concept
of an infinitely long cylindrical heat exchange reaction kettle. The 303K, 318K, 333K, 348K and 353K
partition wall thermal gas hydrate experiments are
carried out for the own equipment. The experimental
data show that 348K °C can be obtained. The largest
thermal development efficiency. Using the thermal
development efficiency evaluation standard of this
paper, for the weather hydrate thermal recovery process under different parameters, by determining the
optimal heat exchange temperature, the energy utilization efficiency and gas production rate of the thermal recovery process can be significantly improved,
and the thermal recovery development can be reduced. Economic costs in natural gas hydrate processes.

Natural gas hydrate, an ice-like cage crystal
structure formed by low molecular weight gas molecules and water molecules in natural gas under low
temperature and high pressure conditions [1]. Natural Gas hydrates (NGH) are crystalline compounds
stabilized by the inclusion of gas molecules under
suitable temperature and pressure conditions. Under
standard state, 150~180 volume of methane can be
store in per volume of NGH. There are more than 0.2
× 1015 m3 of NGH in our globe, which is twice the
total amount of the proven traditional fossil energy
on the world's land. NGH is considered as a substitute for the traditional oil and gas in the future [2].
As for the development of natural gas hydrate, thermal stimulation, depressurization, inhibitor injection, ground decomposition, CO2 replacement, horizontal wellbore have better feasibility at present
[3-8].
Thermal stimulation is one of the most potential methods on the development of NGH. In 1982,
Holder analyzed the factors of hydrate saturation,
reservoir medium type and reservoir thermal properties influence on NGH production by thermal stimulation in porous media [6, 9]. In 1987, Kamath
pointed out that the hot brine possess a better heat
efficiency than hot water and established an energy
efficiency model of NGH decomposition by the injection of hot brine on the basis of experiments [10].
In 1990, Selim established a model of NGH thermal
stimulation in porous media, and defined the energy
efficiency of the decomposition process as the ratio
of the combustion heat of hydrate gas production to
the injection heat of decomposed hydrate [11]. In
2003, Moridis simulated the thermal stimulation
mechanism of gas hydrate in gas phase, liquid phase,
ice phase and hydrate phase by using TOUGH2
module [11]. In 2005, Li et al. proposed to exploit
NGH by microwave heating, pointing out that this
method can reduce reservoir pollution and improve
economic benefits [12]. In 2007, Tang et al. carried
out the experiment of NGH thermal stimulation in
quartz sand porous media. The experimental results

&$ 
Natural gas hydrate, partition wall thermal recovery, optimal thermal recovery temperature, thermal recovery development efficiency
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show that there is a certain time delay in thermal
stimulation, that is, there is a movement process of
decomposition interface from injection well to production well [13]. In 2010, Ono et al. simulated the
exploitation of NGH by thermal stimulation in horizontal wells. The results show that the amount of gas
production has nothing to do with the number of horizontal wells [14]. In 2014, Li et al. studied NGH exploitation by continuous thermal injection and semicontinuous thermal injection. The results show that
the former method can achieve better production efficiency under the same conditions [15]. In 2017,
Hao et al. studied the thermal front movement in the
process of NGH thermal decomposition, which
shows that thermal convection is the key factor affecting the thermal front movement of hydrate [16].
In 2018, Wang et al. studied the effect of heating
power (0, 25. and 50W) on the production of NGH
[17]. The results indicated that a higher heating
power would be more favorable for faster energy recovery from NGH. However, all of this production
efficiency are concentrated on the ratio of gas production from the NGH to the thermal injection without take the thermal stimulation time into consideration.
As for the thermal stimulation, simulation
study indicated that it is ineffective for the case that
a huge quantity of heat would lose to the well hole
during the thermal media transportation or the porous media to generate the required heat for heating
up the hydrate reservoir [18]. Tang et al. carried out
the experiment of NGH thermal decomposition in
quartz sand porous media and got a heat ratio between 0.4 to 2.6 [13, 19-20]. Li et al. pumped the hot
brine to the sandstones saturated with natural gas hydrate and got a heat ratio between 0.4 to 0.7 [18].
Dong et al. concentrated on interwall thermal stimulation and got a heat ratio between 2.25 to 5.58 by
experimental study [20-21]. That is to say, interwall
thermal stimulation can get a better heat ratio. In this
work, the interwall thermal stimulation experiment
is specially investigated. The experiments are carried
out at different temperature and take the reaction
time into consideration to get a highest heat ratio.

hydrate per unit of heat injection. Formula (1): In this
work, to combine the development efficiency with
thermal stimulation time. We introduce a new concept call thermal decomposition ratio which can be
calculated as followed:

η=

 Δ  4


(1)

Where  is thermal decomposition ratio; g is the total gas production during the thermal stimulation
progress; Δ 4 is the burning calories of the methane;  is thermal stimulation time;  is the total
thermal injection during the thermal stimulation progress.

(-,0(!#=The methane gas used in this experiment was produced by Wuhan Xinye Gas Co., Ltd.,
and the purity of the gas was 99.99%. The pure water
used was prepared by laboratory-made pure water
equipment. The pure water equipment was manufactured by Guangdong Water Treatment Equipment
Engineering Co., Ltd., sodium lauryl sulfate. The
(SDS) additive was purchased from the Aladdin
Chemical Reagent Network and the SDS additive
concentration in pure water was calibrated to 300
mg/L.

>@,0,(-(! (@@((-#= A schematic diagram of the experimental apparatus is shown in Fig.
1. It is mainly composed of simulated reservoir
room, constant temperature control system, natural
gas boosting system, water inlet system, vacuum
pumping system and data acquisition system. All the
reactions were carried out in the reaction vessel. The
pressure range of the reactor was 42 MPa, the volume was 2L (Φ150×115mm), the interior was filled
with 20-40 mesh ceramsite particles, and the porosity was 36.1%. The temperature control range of the
constant temperature control system was 263-363K,
the water bath temperature control medium is ethylene glycol solution; the temperature probe is
placed on the upper and lower ends of the reaction
kettle respectively, the test accuracy is 0.1K; the natural gas booster system can inject natural gas at a
constant pressure, the injection limit is 30MPa; The
water system is controlled by PC-200 advection
pump, the water injection flow rate is 0-9.9ml/min;
the vacuum system limit negative pressure is
0.1MPa; the data acquisition system has the lowest
accuracy of 1s.

! ! 

%(*,@- %- -/,(! +,*%@%#0-0%((-0%= In
this paper, considering the influence of time factors
in the thermal recovery process of hydrate partition,
optimizing energy utilization, introducing the concept of thermal recovery development efficiency as
the standard of hydrate optimal partition heat transfer temperature evaluation system, considering the
original heat injection efficiency while ensuring the
optimal The gas production rate, real-time matching
production dynamic data, this paper defines the thermal recovery development efficiency as the combustion heat of the average gas production rate of the

%*,+,#=This experiment is mainly divided
into two parts: gas hydrate incremental synthesis and
partition wall thermal recovery gas hydrate. For the
inter-wall thermal recovery hydrate experiment system, the natural gas hydrate was synthesized by the
continuous cooling SDS solution system with unlimited gas supply. The SDS additive reduced the gaswater interfacial tension, increased the gas-water interface velocity of methane gas molecules, and
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shortened the induction reaction. The time required;
the infinite gas supply process causes pressure disturbances, thereby eliminating the effects of interfacial effects and increasing the final gas hydrate saturation. The pressure change diagram of the system
during the synthetic hydrate experiment is shown in
Fig. 2.
The schematic diagram of the final formation
of natural gas hydrate in a porous medium is shown
in Fig. 3.
This experiment is a backwall thermal recovery
experiment with back pressure control. The backpressure calibration value is the system pressure after the end of the synthesis reaction. At the same

time, we apply the overburden stress loading by hand
pump to ensure that the pore pressure of the porous
medium in the reactor system is kept constant. Realize the pressure decomposition of natural gas hydrate
interface and pores. For the realization of the different wall thermal recovery temperature, the warm water was prepared by external heating equipment before the end of the synthesis reaction, and the natural
gas hydrate was decomposed and produced by replacing the constant temperature water bath heat exchange medium and the temperature of the constant
temperature water bath. The initial data of the five
groups of partition wall thermal mining experiments
are shown in Table 1.
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Thermal recovery
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process of the cylinder, the Fourier heat conduction
differential equation is introduced. For the radial
heat transfer process, there are the following equations:

(!*!(-0%(-%!(#= The natural gas hydrate
pyrolysis process shows a two-dimensional heat
conduction process. The heat conduction process is
a cylindrical radial heat conduction process. The heat
distribution direction has two main directions. The
first part is the radial shrinkage direction. This part
is mainly used for decomposition hydration. And
heating the porous medium system; the second part
is the direction of annular expansion, and this part of
the heat is transferred to the steel material of the reaction kettle. The heat conduction diagram is shown
in Fig. 4.
In this process of thermal recovery hydrate, a
steady-state temperature field is formed by default.
For the initial stage of the thermal conduction

⎛  − ⎞
 = λ ( 2π  ) ⎜ 1 2 ⎟
⎝  ⎠

(2)

Where: in — interface radial heat transfer flow, J;
 — the thermal conductivity of the hydrate system,
W·m-1·K-1;
 — the reactor radius, this time the value is 0.75m;
— reactor height, m;
 — thermal wall temperature, K;
  the reactor center temperature, this time the
value is 281K
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For the cylindrical diffusion heat transfer process, there are the following equations:

⎛  − ⎞
 = λ ( 2π  ) ⎜ 1 3 ⎟
⎝  −  ⎠

to the previous calibration formula. At this time, the
natural gas hydrate phase equilibrium temperaturepressure curve is no longer applicable, that is, the hydrate has not been stable, then the reactor is defined.
The internal thermal conductivity value is 0.455
W·m-1·K-1. Equation (4) defines the thermal conductivity of the outer insulation material as a function of
temperature. Equation (5) defines the wall heat transfer coefficient and the above formula. Moreover, the
thermal conductivity of the thermal insulation material does not change with temperature under 300 °C,
and the following formula is obtained:

(3)

Where: in — interface diffusion heat transfer flow,
J;
u—thermal conductivity of insulation system,
W·m-1·K-1;
T3 — thermal recovery reaction room temperature,
this time value 278K;
Rou — The radius of the insulation layer at the edge
of the reactor. This time, the value is 0.1m.
For the relationship between the thermal conductivity of the thermal insulation material and the
temperature change, the following equation exists:

λ ( K) = −0.84 + 0.0035

ω=

(6)

(4)

 "! 

Wherein,  - average temperature of the insulation
material, the unit is K.
Considering the heat recovery process of the
natural gas hydrate in this partition, the main calibrated hydrate system heats up to the total decomposition process, and the temperature of each measuring point of the hydrate system changes with time,
which is shown as an unsteady heat conduction process. The heat distribution coefficient , the default
initial instantaneous heat conduction is a steady state
heat conduction process, as follows:

ω=

λ 1 − 2  − 



λ 1 − 3

 − 281 0.1 − 0.075
0.455
 1

−0.84 + 0.0035 1 − 278 0.075

According to the model prediction results and
calibration parameters, a two-dimensional partition
wall thermal recovery natural gas hydrate physics
experiment model is constructed. The specific heat
capacity of the heat transfer medium is 4.2×103
J·kg-1·°C-1, and the heat exchange coil is used. The
medium flow rate is: 10 L/min, and the medium density in the heat exchange coil is: 1000 kg/m3. This
partition wall thermal recovery experiment is carried
out by means of back pressure calibration, that is, by
setting the pressure value of the back-pressure valve
at the bottom end of the reactor to simulate the constant pressure production mode of the real reservoir.
The gas production rate changes with time under the
five experimental conditions as shown in Fig. 5.

(5)

Where  is the heat partition coefficient.
When the heat transfer temperature of different
partition walls is analyzed, the thermal conductivity
of the hydrate system at the wall no longer conforms
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The variation of gas production rate with time
was analyzed. The overall trend showed that the initial gas production rate decreased slightly after the
initial gas production rate, and then the gas production rate gradually decreased until the end of the reaction, which was interpreted as the initial instantaneous wall temperature change, resulting in the
outermost side of the reactor. Natural gas hydrate decomposes in a large amount, which induces self-protection effect and hinders further decomposition of
natural gas hydrate. As the reaction continues, the
temperature of the reactor system gradually increases, the outer ice film heats up and decomposes,
and the gas hydrate decomposition process opens
again. As the decomposition interface shrinks radially, the decomposition interface becomes smaller,
and the gas production rate gradually decreases to a
very low value until the gas hydrate is completely
decomposed.
The accumulated gas data in Fig. 6 is analyzed.
As the heat exchange temperature increases, the gas
production is basically monotonously increasing.
The gas production at 333K is the lowest, which explains that the experimental hydrate saturation is
low. Analyze the heat exchange time. The heat transfer time showed a monotonous decreasing trend with
the increase of heat transfer temperature, which indicated that the elevated temperature could promote

the faster decomposition of hydrate. The data of heat
exchange was analyzed, and the heat exchange rate
showed a monotonous increasing trend with the increase of heat transfer temperature. And the increasing trend is gradually intensified, which is explained
by the increase of heat exchange temperature, the
heat loss along the path gradually increases, and the
increase is gradually increased. The data of thermal
recovery development efficiency is analyzed. The
results show that the thermal development efficiency
of 348K is better than other values. And the thermal
recovery development efficiency increases first and
then decreases with the increase of the heat transfer
temperature of the partition wall. The thermal recovery development efficiency does not increase monotonously with the decrease of heat exchange time,
which is interpreted as the heat exchange during the
heat transfer process. The heat loss along the process
from the sink bath to the heat exchange coil, and the
Fourier's law shows that the higher the temperature
of the bath, the greater the heat loss, when the heat
loss value increases to a certain extent. Most of the
heat loss in the heat transfer medium along the process, resulting in lower thermal recovery efficiency
of development, which is the injection of gas hydrate
thermal development process is the most common
problem.
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"  
There are two main problems in the process of
thermal natural gas hydrate today. Under the condition of lower heat exchange temperature, the gas production rate of hydrate is lower, the industrial output
value is not available, and the hydrate thermal recovery process lasts for a long time is lower. In the case
of higher heat exchange temperature, there is a large
energy waste in the gasification process of hydrate,
the effective energy for mining hydrate is lower, and
the economic cost is higher.
(1) By analyzing the influence of temperature
on the thermal recovery process, in the interval of
setting the heat exchange temperature, it is shown
that as the heat exchange temperature rises, the heat
exchange time gradually decreases, and the heat exchange time decreases gradually. As the rise, the heat
consumed by the heat exchange process gradually
increases, and the convex function increases roughly.
The final heat transfer energy utilization efficiency
increases first and decreases with the increase of the
heat exchange temperature, and the optimal heat exchange temperature exists. The maximum average
gas production rate is obtained under the condition
of reducing the heat loss. The optimal heat exchange
temperature is between 348 and 353K.
(2) At the same time, in this paper, the evaluation criteria of the thermal recovery development efficiency of the partition wall thermal recovery hydrate are proposed, and the physical experiment
model is set up. The experiments of 303K, 318K,
333K, 348K and 353K are carried out respectively.
The results show that the optimal heat exchange temperature is 348K. Under the evaluation criteria of
this paper, the energy utilization efficiency and gas
production rate of the thermal recovery process can
be significantly improved, and the economic cost in
the process of developing natural gas hydrates by
thermal recovery can be reduced.
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countries require lower standards than Europe, but
the vegetables are sold at lower prices due to the
proximity of these markets, i.e., lower transportation
costs and better market accessibility in the region. In
the last two years, the GCC countries started asking
for quality assurance, mainly low pesticide residues,
for the imported crops.
Vegetables are produced in Jordan with irrigation and rainfed systems. In 2017, the irrigated vegetable area was 357 thousand dunums, producing
about 1.1 million tons of vegetables. On the other
hand, the rainfed vegetable area was about 23 thousand donums, producing about 21 thousand tons of
vegetables. Moreover, there were about 62 thousand
plastic houses (about 31 thousand dunums) which
produced about 417 thousand tons of vegetables (Table 1). The total vegetable exports from Jordan were
about 791 thousand tons (about 52% of the total production). In 2017, about 91% of the exported vegetables went the GCC. Additionally, about 51% of the
produce went to Oman, 14% to the UAE, and 12%
to Kuwait [3] (Table 2).

#1942C8E4B>5C74'CD3HThis research aims to
assess the competitiveness of Jordan’s vegetables in
the Gulf Cooperation Council (GCC) countries. Specifically, the goal is to achieve the following objectives:
• Evaluate the share of exported vegetables
from Jordan to the GCC countries’ markets.
• Measure the static and dynamic competitive advantages of selected vegetables which are exported to the GCC countries’ markets by employing
the Revealed Comparative Advantage (RCA), suggested by Balassa Indices [4], and the Export Performance Index.

8C4A0CDA4 &4E84F Companies or sectors
which have a competitive advantage can generate
more income by increasing their sales. Several factors, such as cost structure, product quality, customer
service, name brand, innovation, and convenience,
can lead to a comparative advantage. On the other
hand, comparative advantage means that the

Although Jordan suffers from limited water resources, the country has a comparative advantage to
produce some fruits and vegetables, especially during the off-season periods. The total vegetable exports from Jordan in 2017 were about 791 thousand
tons (about 52% of the total production). In 2017,
about 91% of the exported vegetables went to the
Gulf Cooperation Council (GCC) countries. Additionally, about 51% of the exports went to Oman,
14% to the United Arab Emirates (UAE), and 12%
to Kuwait.
This research aimed to assess the competitiveness of Jordan’s vegetables in the GCC countries.
The selected vegetables were tomatoes, sweet
melon, watermelon, and cucumbers. The GCC countries are the UAE, Kuwait, Bahrain, Qatar, Kingdom
of Saudi Arabia (KSA), and Oman.
The analysis used five competitive-advantage
indicators, Export Market Share (EMS), Revealed
Comparative Advantage (RCA), the Trade Entropy
Index (TEI), Comparative Export Performance
(CEP), and Export Performance Index (EPI), to evaluate the competitiveness of the selected crops in
GCC counties. The results showed that Jordan has a
relatively high level of competitiveness in the GCC
countries.

-+#&'
Competitiveness, Vegetables, Exports, Jordan, GCC

"(&#)(#"
Jordan has a comparative advantage for fruits
and vegetables [1, 2]. Jordan is one of the most-important exporters of fruits and vegetables to the Gulf
Cooperation Council (GCC) countries, Iraq, Lebanon, Syria, as well as eastern and western European
countries.
The main countries which import Jordanian
vegetables are the GCC nations because those
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firm can produce a good or service more efficiently
than its competitors [5].
Amadeo [6] defined competitive advantage as
the factors that make a firm’s goods or services superior to all of a customer's other choices. The three
strategies are benefits, target markets, and competition; i.e., to be successful, the firm needs to articulate
the benefit which it provides to its target market better than the competition.
Claessens [7] mentioned a Porter model which
was established to evaluate the competitive advantage, was named the “Porter Diamond Model,”
and was based on six elements: Factor conditions,
Demand conditions, Related and supporting industries, Firm strategy, structure and rivalry, and
Chance and Government.
In Pakistan, researchers used Balassa’s [8]
RCAto determine the competitiveness of selected
agricultural products in overseas export markets.
They found that Pakistani meat had a comparative
advantage in the nearby Gulf countries and those Pakistani dairy products competed well in other southAsian countries. On the other hand, the study found
that some vegetables and fruits could compete in
fresh form in nearby markets (south Asia and the
Gulf countries) while they were not competitive in
more distant markets [10].

Al-Hiary et al. [10] conducted research on the
competitiveness of selected fruits and vegetables.
They found that the price of Jordanian exports for the
selected crops was high when contrasted with competitors in Saudi Arabian and United Arab Emirates
markets. The results also indicated that Jordanian
production of grapes, tomatoes, and green beans was
decreasing at constant rates.
Several indicators are used to estimate a country’s competitiveness. They are discussed in the following sections.
8ABCA>D?>==3824BThe following indices
are calculated in this study:
 G?>AC!0A:4C'70A4!'The EMS is
used to evaluate the ratio of exports from a certain
country to the total word exports for the same commodities.
 &4E40;43 ><?0A0C8E4 3E0=C064
&=3824BRCA indices are used to analyze a
country or sector’s comparative advantage, based on
the observed trade pattern’s performance. Using this
index helps to decide the level of specialization for a
certain product’s exports if the product’s market
share is higher than average. A country has comparative advantages for products where this indicator is
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 'H<<4CA82><?0A0C8E4G?>AC$4A5>A
<0=24'$=34GThe SCEP index is the symmetric form of the CEP index. The closer a given
country is to +1, the higher its export performance is
and vice versa. The SCEP index is expected to provide the best picture about a country’s performance
by setting boundaries between -1 and +1 [13].

 >=5>A<8CH >4558284=C  The CC
measures the effect of trade on a specific economy
[18].

!4C7>3>;>6HThe following indices are calculated to evaluate the competitiveness of Jordanian
vegetables in the GCC countries: Export Market
Share (EMS), Revealed Comparative Advantage
(RCA) Indices, the Trade Entropy Index(TEI),Comparative Export Performance(CEP),and the Export
Performance (EP) index.
The studied vegetables are tomatoes, sweet
melon, watermelon, and cucumbers. The GCC countries are the United Arab Emirates (UAE), Kuwait,
Bahrain, Qatar, Kingdom of Saudi Arabia (KSA),
and Oman.

0C0>;;42C8>=The study depended on secondary data which were collected from the International Trade Centre's (ITC) Trade Map in 2019. The
last year of published data was 2016 for some countries and 2017 for other countries, so we used data
from 2013-2016.


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

G?>AC !0A:4C '70A4 !' Table 3 and
Figure 1 show the quantities of selected crops which
were imported to the GCC countries from both the
world and from Jordan as an average for the period
2013-2106. From Table 3, we can see that the main
crop traded with the GCC countries is tomatoes
(about 520 thousand tons), of which about 297 thousand tons were imported from Jordan. The lowesttraded crop was cucumbers (about 30 thousand
tons), of which about 6.7 thousand tons were imported from Jordan.
On the other hand, the UAE and KSA imported
about 172 thousand tons of tomatoes while Oman
imported about 25 thousand tons of tomatoes. The
main importing country for the other crops was the
UAE because it is considered a hub market for the
region.
The average share for the crops imported from
Jordan by the GCC countries was about 44%. The
lowest was in the UAE (26%), and the highest was
for Qatar (71%).

higher than 1, showing that its exports of those products are more than expected on the basis of its importance among the total exports for the reference
area [8]. The Balassa index was then modified in different frameworks.
 (A034=CA>?H=34G(One problem
with the basic Balassa index is that it is not symmetrically distributed around the neutral value, 1.0; it
ranges from 0 to 1 for comparative-disadvantage
products and indefinitely upward from 1.0 for comparative-advantage products. This problem was easily corrected by taking natural logarithms of the ratios to obtain the TEI [11]. The new index which
measures the concentration or dispersion of trade
was suggested by Inal [12]. The higher the index, the
more dispersed the country’s export (import) pattern
is. The index’s validity is derived from weighting
each component of share (aij) by its relevance value
ln(1/aij). If the aij value for a country is very high, it
will be scaled down by the ln (1/aij) term, and the
maximum value is achieved when all shares are
equal. 
 ><?0A0C8E4 G?>AC $4A5>A<0=24
$The CEP index was proposed by Balassa [8]
to measure the strength of the competition. It was defined as a country’s share of the world export for a
commodity divided by the country’s share of the total world exports [13]. 
 G?>AC $4A5>A<0=24 =34G $ The
export performance was assessed in relation to the
extent to which countries achieve their export objectives. This study examined the efficiency of exporting based on a proxy variable which was the ratio of
agricultural exports to the Gross Domestic Product
(GDP) [14].
'42>=3A>D?>5=3824BThe following indices are not calculated in this study:

 *>;;A0C7 &4E40;43 ><?0A0C8E4 3
E0=C064. / It is a modification to the RCA index.
It uses the Revealed trade advantage index (RTA)
which is equal to the Revealed Relative Comparative
Advantage Export Index (RXA) minus the Revealed
Relative Import Penetration Index (RMP).
 >=BC0=C!0A:4C'70A4!'Richardson [16] argued that a country's share of the world
market should remain unchanged over time. For this
purpose, he suggested applying the Constant Market
Share (CMS) model. 
 (A034 #E4A;0? (# The TO index is
used to evaluate the overall importance of intra-industry, in comparison with inter industry [17].
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E4A064%D0=C8C84B>5C74'4;42C43A>?B<?>AC435A><>A30=0=3C74+>A;3DA8=6
Crop
Tomatoes
Sweet Melon
Watermelon
Cucumbers
Average

Source
World
Jordan
World
Jordan
World
Jordan
World
Jordan
World
Jordan

Share %

UAE
172,243
85,195
33,899
3,656
153,264
2,302
7,036
350
82,735
21,433
26

Kuwait
75,090
53,386
9,148
3,627
45,484
5,829
4,922
2,114
31,482
11,785
37

Bahrain
25,994
18,378
5,889
1,848
12,417
5,413
7,585
2,575
9,770
3,955
40

Qatar
49,085
44,292
4,288
1,726
10,576
5,361
9,696
1,196
14,433
10,290
71

KSA
172,028
78,831
6,059
769
3,248
305
695
433
35,543
17,907
50



Oman
25,463
17,290
3,799
753
8,721
402
186
10
6,788
2,982
44

(>=B
Total
519,902
297,371
63,081
12,378
233,709
19,611
30,119
6,677
180,749
68,351
38

Source: [19].
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Source: [19].
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&4E40;43><?0A0C8E43E0=C0645>AC74'4;42C43A>?B8=C74>D=CA84B
Crop
Tomatoes
Melons
Watermelon
Cucumbers

UAE
57.7
3949.6
553.5
17.4

Kuwait
45.3
57676.5
19478.5
123.5

Country
Bahrain
4.6
1996.5
1975.0
150.5

Qatar
37.6
1864.2
1956.0
69.9

KSA
0.4
830.3
111.3
29.5

Oman
14.7
813.0
99.6
0.6

Source: Calculated by the researchers.

Ixi = aij*ln(1/aij ) with 0 <aij< 1 and Ʃ aij = 1,
where
Ixi = Entropy index of exports.
aij = Jordan’s export share to the GCC countries.
Because this index’s values are small, we can
conclude that Jordan’s export pattern for the selected
crops to the GCC counties is dispersed (Table 5).

><?0A0C8E4 G?>AC $4A5>A<0=24 $
Because the RCA indices are based on actual export
and import volumes, trade barriers, such as tariffs on
imports, can distort the comments based on these
calculations. Since the CEP index only considers the
export shares, it allows for a comparison of findings
between the two measures. The CEP index is calculated with the following formula:

CEP=
,

&4E40;43 ><?0A0C8E4 3E0=C064 &
=3824BThe equation for the revealed comparative
advantage, which refers to an index introduced by
Balassa [8] is as follows:

RCA(B)=
,


where
Xik = Jordan’s export of selected vegetables (K),
K= UAE, Kuwait, Bahrain, Qatar, KSA, and Oman
Xi = Jordan’s exports of all vegetables
Xwk = World exports of vegetables (K)
Xw = World exports of all vegetables.
From Table 4, we can conclude that Jordan has
the RCA for the selected crops in all countries except
for tomatoes in KSA and cucumbers in Oman.
(A034 =CA>?H =34G ( The equation
used to calculate the Trade Entropy Index (TEI) for
exports is as follows:
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( 
(A034=CA>?H=34G(*0;D4B5>A'4;42C43A>?B+7827+4A4G?>AC43
C>C74>D=CA84B
Crop

UAE
Tomatoes
0.26
Sweet Melon
0.19
Watermelon
0.19
Cucumbers
0.19
Source: Calculated by the researchers.

Kuwait
0.31
0.35
0.35
0.35

Bahrain
0.31
0.32
0.32
0.32

GCC Country
Qatar
0.34
0.35
0.35
0.35

Saudi Arabia
0.25
0.21
0.21
0.21

Oman
0.30
0.26
0.26
0.26


( 
(74$*0;D45>A'4;42C43A>?BG?>AC43C>C74>D=CA84B
CEP
UAE
CEPtom
23.216
CEPMel
0.928
CEPWaterm
0.439
CEPcuc
1.028
Source: Calculated by the researchers.

Kuwait
0.913
1.297
1.684
1.447

Bahrain
0.803
1.127
3.361
1.738

Qatar
0.899
1.862
1.876
1.163

KSA
1.131
0.404
0.046
0.359

Oman
1.033
1.037
0.359
1.021

( 
G?>AC$4A5>A<0=24=34G5>A'4;42C43A>?B'4=CC>C74>D=CA84B
Crop
Selected Crops (Million)
AgGDP (Million)
EPI %

2013
190
23782
0.80

2014
243
25368
0.96

2015
260
26564
0.98

2016
230
27364
0.84

Source: Calculated by the researchers.

$





















)& 
G?>AC$4A5>A<0=24=34G5>AC74'4;42C43A>?BC>C74>D=CA84B
Source: Calculated by the researchers.

have a lower share of the total exports for the rest of
the GCC countries.
 Sweet-melon exports have a greater share
of the total exports for Kuwait, Bahrain, Qatar, and
Oman than they have in the GCC countries as a
whole while they have a lower share of the total exports for the rest of the GCC countries.
 Watermelon exports have a greater share of
the total exports for Kuwait, Bahrain, and Qatar than
they have for the GCC countries as a whole while
they have a lower share of the total exports for the
rest of the GCC countries.
 Cucumber exports have a greater share of
the total exports for all GCC countries except KSA
which has a lower share of the total exports than the
rest of the GCC countries.

Where
Xij = Exports of different product groups to a specific country
Xiw = Exports of different product groups to the
GCC countries
Ʃxij = Total exports of different product groups to a
specific country
Ʃxiw = Total exports of different product groups to
the GCC counties.
The CEP values for selected crops exported to
the GCC countries are shown in Table 6. The results
are as follows:
 Tomato exports have a greater share of the
total exports for the UAE, KSA, and Oman than they
have in the GCC countries as a whole while they
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G?>AC$4A5>A<0=24=34G$The equation used to calculate the Export Performance Index
(EPI) is as follows:

,
$ 
Where
EPI = the coefficient of exporting efficiency during
period t.
Xt Selected crop exports during period t.
AgGDP = the Agricultural Gross Domestic Product
during period t.
The results show that the Export Performance
Index increased from 2013 to 2015 and then dropped
to 0.84; moreover, the high ratios show that Jordan
achieved its export objective (Table 7 and Figure 2).
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cucumber exports had a greater share of the total exports for all GCC countries except the KSA. The last
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slightly in 2016. Jordan achieved its export objectives.
From the above discussion, we can recommend
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products as done with the exports to western countries. The GCC countries are now asking for highquality products with low or zero pesticide residues.
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The origin analysis of sand bodies in the Upper Triassic Yanchang Formation of the Ordos Basin was carried out, on the basis of the field geological investigation, elaborate core observation and
characterization, and analyses of seismic reflection
characteristics and systematic sampling and testing.
A new sedimentary facies, namely the beach bar
sand body, was identified in the Yanchang Formation. In the outcrop, the geometric shape with a
flat base and a convex top is seen. Linear conformity is found between the base of the sand body and
the underlying lacustrine shale, and markers of
exposure are observed at the top. Various sedimentary structures attributed to wave action are developed within the sand body, with lack of erosion and
filling structures. The single sand body presents
inverse grading from bottom to top, while the compositional maturity of the beach bar sand formed in
one stage gradually increases upwards and reaches
its maximum at the top of the bar. The grain size
probability curve is mainly triple-segmented with
“double saltation load and single suspended load”.
In terms of seismic reflection, the beach bar sand
shows growing events, discontinuous amplitudes,
and an external form of seismic unit with a flat base
and convex top. The main controlling factors of
formation and preservation of beach bar sands were
discussed, which are preliminarily concluded to be
the basal topography of the lake basin, the transition of the stable lake coastline, etc. In the Chang82
sub-stage, a vast favorable development belt of
beach bar sands, parallel to the coastline, exists in
the western and southern parts of the Ordos Basin.
The area, which meets the requirement of formation
of large-scale reservoir bodies, is a promising major
oil and gas reserve supplement.








   

Shore and shallow-lake beach bar sands are
one of the four types of favorable reservoir bodies,
in terms of oil and gas exploration in clastic basins
[1-3]. The beach bar reservoir, which is close to the
source rock, with good storage capacity and excellent source rock-reservoir rock-cap rock configuration, is in favor of oil and gas accumulation [4-5].
In recent years, increasing attention has been drawn
to the beach bar sedimentary system during the
exploration of lithologic oil and gas reservoirs in
the graben basin of the eastern China. Reservoirs of
beach bar sands have been found in the Liaodong
Bay Basin, Banqiao Sag of the Dagang oilfield,
Huimin Sag and Dongying Sag of the Shengli oilfield [6-9]. Particularly in the Dongying Sag, widespread beach bar sandstone oil reservoirs have been
discovered, which demonstrates the outstanding
prospect of beach bar sand exploration [10-11].
Thorough studies on the deposition characteristic,
distribution regularity and influential factors of
beach bar sand bodies in the target areas have been
carried out [12-19]. In the practice of the lithologic
hydrocarbon reservoir exploration in lake basins of
terrestrial depressions, with the deepening exploration and evolving geological understanding, research on various deposition processes, such as
gravity flows and river-delta sedimentation, has
reached relatively high levels. Correspondingly,
various sedimentation faices and patterns, such as
shallow-water delta, slope-shaped delta and mesalike delta, have been identified and defined, which
greatly contributes to the discovery of a series of
large-scale oil and gas reservoirs. However, with
respect to the shore-shallow lake sedimentation,
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especially the beach bar sand, the research and
resultant knowledge are quite preliminary. Therefore, this paper studied the origin of the sand body
of the Yanchang Formation, the Ordos Basin, via
field geological investigation, elaborate core observation and characterization, analyses of seismic
reflection characteristics and systematic sampling
and testing. Subsequently, a new sedimentary facies
namely the beach bar sand body, was identified in
the Chang82 Member of the Yanchang Formation.
Comprehensive markers of the beach bar sand were
concluded, and discussions were made upon its
origin, distribution and development regularity. The
findings of this paper provide important guidance
for future petroleum exploration, and moreover
reference for research on beach bars of similar lake
basins in large depressions.


      

192;/92:;22: 7+ :/ 25/6;9? :;9<2;<9/:=
Thick beach bar sands were found in the Yichuan
outcrop sections in the field geological reconnaissance. The beach bar presents a flat base and a
convex top (seen in Fig. 1a), in view of geometry.
The basal interface is flat, and the inverted Yshaped wave ripple cross bedding is developed
within the sand body (seen in Fig. 1b). The top of
the sand body is a series of tawny root clay, which
indicates shallow-water exposure in sedimentation
(seen in Fig. 1c). The core observation and characterization show that notable wave ripple-driven
structures are found in thick sandstone sections of
some core samples retrieved via drilling, e.g.




192;/92:;22:7+:/ 25/6;9?:;9<2;<9/:7+1/2119:6 17 2/:2662160795;2769 7::26
Notes: (a) Full view of the Chang82 outcrop sections in Yichuan; (b) Wave rippled cross bedding with its inverted-Y structure,
seen at  of Fig. 1a; (c)Tawny root clay, seen at  of Fig. 1a; (d) A group of swash cross bedding with inverse inclination
angles in the Chang82 Member of Well Chi-73; (e) Chang82 hummocky cross bedding in Well Zhuang-91; (f) Flat conformity
between the base of the Chang82 beach bar sand base and underlying shale in Well Xi-171.
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tion, where the volume fraction of the saltation load
inverse lamina inclination between two adjacent
exceeds 99% and the slope of each section is relabed series, swash cross bedding with low-angle
tively high. This indicates sedimentation environintersected interfaces, and hummocky cross bedments with relatively strong hydrodynamic forces
ding (Fig. 1d and 1e). Flat conformity is observed
attributed to repeated elutriation of multiple groups
in the interface between the base of the single beach
of streams, and the sediments are well sorted. The
bar sand and underlying shale (Fig. 1f), with lack of
latter type of grain size probability curves possesses
erosion-filling structures. From bottom to top, the
two different sections of saltation load (namely
ripple bedding gradually changes into the massive
double saltation load) [21], with total volume fracbedding, which demonstrates that the hydrodynamtion over 95%. The saltation load section of coarse
ic force of the sedimentation sequence grows upparticles has a slope of 50°, representing well sortwards (Fig. 3).
ing, while the saltation load section of fine particles

has a slope of 40° ~ 50°, indicating medium sorting.
192;/92:;22: 7+ 0926 :2@/ 2:;921<;276=
This can be explained by the relatively strong
The grain size distribution characteristics directly
scouring and backflow effects of waves in shorecapture the hydrodynamics in the origin of sedishallow lake areas. The suspended load holds a
ments, which are important physical indicators for
volume fraction below 5%, and its intersection
the determination of sedimentation environments
point with the saltation load is usually 4Φ ~ 4.5Φ.
and hydrodynamic condition analyses [20].
Generally speaking, notable similarity has been
Systematic sampling and subsequent grain
found between the characteristics of the grain size
size analyses of the Chang82 beach bar sand have
probability curve of the Chang82 beach bar sand of
shown that the grain size probability cumulative
curve of the beach bar sand of the Yanchang Forthe Ordos Basin and those of the graben basin in the
mation can be mainly divided into two types: one is
eastern China with high levels of studies and geocharacterized by its “double saltation load, single
logical understanding of beach bar sedimentation
suspended load and one transition section with high
[22-25].
slopes” (the curve of Well Huan-84 in Fig. 2); the

other is triple-segmented and consists of “double
192;/92:;22: 7+ /;97470?= Beach bar
saltation load and single suspended load, with high
sands are mostly fine and ultra-fine sandstones. The
slopes” (the curves of Wells Zhuang-91 and Xi-171
rock type is dominated by the feldspar lithic sandin Fig. 2). (Here the saltation load refers to grains
stone and lithic feldspar sandstone, with low comthat are transported as bed load in the form of hoppositional maturity. The rock particles are mainly
ping). The former type of curves is composed of
subangular, and medium-well sorted, with relatively
multiple sections of saltation load, one section of
high texture maturity.
suspended load and the in-between transition secCore samples have been recovered by exten-
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sive drilling and coring, and the X-ray diffractionbased whole rock mineral analysis was conducted
to study the vertical variation of the clastic composition of the single sand body. Results show that
from bottom to top, the content of clastic quartz
gradually increases, while those of the clastic feldspar and total clay minerals decline. Hence the ratio
of the total clast to the total clay grows vertically.
Due to the reciprocated winnowing of lake waves,
the compositional maturity grows correspondingly
with the upwards-intensified elutriation effects of
waves, and reaches its peak at the top of the beach
bar (Fig. 3). On the contrary, the compositional

maturity of channel sand bodies generally falls
from bottom to top, which can be attributed to the
unstable strong hydrodynamic force (Fig. 3). To
sum up, in terms of stable minerals, the content of
quartz in the beach bar sand is 15% ~ 20% higher
than that of the channel sand body, and it also
seems that the ratio of the content of quartz and
feldspar rock matrix particles to that of clay minerals exceeds the value seen in the channel sand body
(Fig. 4). This shows that the compositional and
texture maturity of the beach bar sand both slightly
grow, due to elutriation effects of lake waves.

)
7589/1/6:2=/279/64?:2:274<567+;1/1608 /51/926&/44'2;5
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6 <6;8.
(Location seen in Fig. 9)
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192;/92:;22: 7+ :/2:522 9/:876:/:= After
drilling-based and seismic layer calibration, the
seismic reflection characteristics of the target stratum were analyzed. The thickness distribution of
the Chang8 Member is generally stable, which is
often presented as sub-parallel reflection with medium-high amplitudes and three to five events in the
seismic survey. After flattening the TT7 marker bed
of the Chang7 regional flooding surface, the exter-

nal form of seismic unit of the Chang8 channel is
often seen as a flat top and a convex base (seen in
the left lower of Fig. 5). In this paper, the external
form with a convex top and a flat base was also
observed, where the width is about 12 km, with a
wider and bifurcated internal events, one extra
event reflection and discontinuous amplitudes (seen
in the right lower of Fig. 5).
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paleo-water depths, owing to challenging determination of deposition compensation and base levels
and unknowable differential subsidence. The sedimentology-based method is applicable to the qualitative analysis of paleo-water depths, in which the
relative variation of water depths can be determined
by colors of sediments and specific indicator minerals. The paleontology-based method gives approximates of water depths according to ancient
creatures living at specific water depths, such as the
commonly-seen wormhole structure, root fossil and
special types of ostracoda. Compared with the three
methods mentioned above, the geochemistry-based
method is one of the minor approaches that are
capable of calculating accurate water depths of
different sampling points. In this paper, quantitative
estimation of paleo-water depths is mainly carried
out using cobalt (Co) and lanthanum (Lu). The
adopted method was proposed, and was once successfully applied to calculation of paleo-water
depths of the Chang7 stage in the Ordos Basin [23].
Thorough sampling of relatively pure dark shale of
the Chang8 Member was carried out and subsequent trace- and macro- element analyses were
accomplished. The measurements are shown in
Table 1, and data of Co and Lu were used for paleowater depth calculation.
(1)
s = o ×  Co (  Co−t × Co )



There are many controlling factors for the
formation and preservation of beach bar sand bodies, among which the most primary ones are the
basal topography of the lacustrine basin, hydrodynamics, and coastline properties.

:4 ;7870981? 7+ 43/ 1:26:= The basal
topography of the lacustrine basin refers to the
topographic morphology of the base of the lake
basin during the basin evolution process [26]. On
the basis of the data acquired from over 500 prospecting wells in the Ordos basin, isochronal stratigraphic unit correlation and comparison have been
conducted. Moreover, de-compaction correction on
sandstone and shale have been carried out using the
initial thickness recovering template of clastic rocks
proposed by Wei [27], based on which the isopach
map of the Chang8 Member and corresponding 3D
map have been plotted. As is shown in Fig. 6, the
proposed isopach map reflects the topographic
features of the base of the lake basin during the
early Chang8 deposition stage (the Chang82 substage). The gradient of the isopachytes vary greatly
in different positions, and asymmetric development
of the basal topography of the lake basin is found.
In the western and southern areas, the isopachyte
changes rapidly, which indicates steep topography;
in the northeast areas, the isopachyte changes slowly, which means gentle variation in topography.
In the proximity of the coastline along the
gentle slope of the lake basin, significant energy
loss was seen, due to the intense friction between
waves and the base of the lake during the longdistance propagation process. The effects of the
lake were limited, and the fluvial-delta facies were
mainly developed. In the meantime, effects of the
lake upon waves were slight and so was the kinetic
energy of waves, in areas near the coastline of the
steep slope of the lake basin. Therefore, relatively
high wave heights and hydrodynamic forces were
maintained [28] and in favor of the formation of
beach bar sands.

? 97 ?6522:= Previous studies show that
the Ordos lake basin was in general developed with
shallow-water delta deposition [29-30]. The water
depth of the lake was relatively shallow, and given
the prograding delta deposition setting, it is found
that no unified catchment center was formed at the
time. To study the hydrodynamics of the lake, the
paleo-water depths of the lake during varied
Chang8 sub-stages were estimated.
The estimation methods of paleo-water depths
primarily include four types, namely the formation
thickness-based, sedimentology-based, paleontology-based and geochemistry-based methods. In the
formation thickness-based method, difficulties and
uncertainties exist in the quantitative calculation of

 = 3.05 × 105 s

1.5

(2)

where s stands for the deposition rate of the
sample during its sedimentation; o refers to the
deposition rate of shale in normal lakes, 0.15 ~ 0.3
mm/a; Co represents the abundance of Co in normal lacustrine sediments, 20×10-6; Co is the abundance of Co in the sample, 22.76×10-6;  equals to
the ratio of the content of Lu in the sample to the
average abundance of Lu in terrestrial clastic rocks
( indicates the contribution of Co from the material
source to the sample, which can be calculated using
the ratio mentioned above because that the distribution of rare earth elements in surface rocks are quite
stable); Co stands for the abundance of Co in terrestrial clastic rocks, 4.68×10-6.
The paleo-water depth in the Chang8 stage
was calculated on the basis of the aforementioned
formula. Results are shown in Table 1. It can be
seen that the paleo-water depth is generally shallow,
with the maximum value of the Chang82 section of
Well Wu-96 located in the lake basin center reaching 23 m. The calculation results of the Chang82
samples in different positions of the lake basin (the
planar locations are seen in Fig. 9), ranging from 5
m to 23 m, vary with each other. However, the
calculated water depths of the Chang81 samples
ranges from 5 m to 7 m, and moreover the water
depth of the Chang82 sub-stage greatly exceeds that
of the Chang81 sub-stage in the same well, which
both indicate that the lake in the Chang82 sub-stage
was deeper and wider. On the basis of core data and
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wireline logging data, the coastline was identified
and the estimated maximum lake area in the
Chang82 sub-stage reached 40,000 km2. It is much
easier for the occurrence of heavy storm waves in
such large lakes, which favors the re-construction
of the fluvial-delta sediments and formation of
beach bar sand bodies.

the center of the lake basin moves over a long distance from the northeast to the southwest. Due to
the long-distance transition of the shoreline from
the Chang9 to Chang7 stages, a major lacustrine
transgression event occurred in the early-middle
Chang82 sub-stage (illustrated in Fig. 7), which led
to that the shoreline expanded from the northeastern
Huachi to the Huan County-Maling area (Fig. 9).
The lake area increases from 10,000 km2 to 40,000
km2. The expansion of the lake strengthens the
lacustrine effect and offsets the fluvial impact,
which benefits the reconstruction of delta sand
bodies into beach bar sands. The process was similar to what happened in the delta of the Haligen
River on the northern shore of the Qinghai Lake.
Because of the reduced fluvial influence, the distributary channel and mouth bar sand bodies were
changed into coastal beach bar sands. Since the
early lake inlet was choked, the lake inlet continuously moves along the direction of the lake current,
which led to the occurrence of beach bar sands
outside the fluvial-delta system (Fig. 8).

3/ 27:;426/ ;96:2;276= The coastline, as
the main hydrodynamic confluence area of rivers
and lakes, has significant impacts upon the development and preservation of beach bar sands in lakes.
During the lacustrine regression, the coastline,
moving toward the center of the lake basin, gradually exposes the pre-formed beach bar sands gradually beyond the lake level and damages upon them
follow subsequently. The lacustrine transgression,
by contrast, favors the preservation of beach bar
deposits.
The deposition center of the lake basin of the
Yanchang Formation in the Ordos Basin has been
through multiple times of migration. During the
Chang9 ~ Chang7 stages of the Yanchang Member,




92//4/5/6;5/:<9/5/6;:7+;1/1608 /51/92662160795;2769 7::26
V

Co

Ni

Cu

Sr

Ba

La

Th

U

Paleowater
depth /
m

Well
No.

Stratum

No.
of
Samples

Mu-217

Chang81

2

102.1

13.2

30.0

37.9

220.0

677.0

37.1

11.8

Mu-217

Chang82

3

142.0

17.9

38.4

41.4

229.0

742.0

41.2

13.3

Ning-20

Chang82

3

119.0

19.4

39.3

43.2

244.3

692.3

43.9

12.4

3.5

3.5

0.4

3.1

8

Wu-246

Chang81

7

130.0

15.0

32.0

44.5

242.0

784.1

38.7

13.0

3.6

3.6

0.3

4.2

6

Wu-90

Chang81

6

116.0

22.6

46.2

48.5

276.5

768.0

45.7

12.2

3.8

3.2

0.4

2.7

5

Wu-96

Chang82

4

134.8

20.1

41.4

47.7

198.0

556.8

36.5

11.8

6.5

2.6

0.4

3.2

23

Yan-98

Chang82

2

119.5

14.3

34.0

43.5

204.5

675.5

46.0

13.2

3.8

3.5

0.3

3.5

5

Zhen-168 Chang81

2

115.0

14.6

40.0

42.6

156.0

688.0

39.4

12.8

3.8

3.4

0.2

3.1

7

Tu/U

Sr/Ba

V/Ni

2.9

4.1

0.3

3.4

6

3.7

3.6

0.3

4.0

18

g/g

5
&/44'2;3>;&/44&<;$0297:::/2;2767+;1/1608$:/ 25/6;9?+22/:26;1/9 7::26

(location seen at  in Fig. 9)
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(The enlarged photo of the area in the red box of the left picture is seen in the right picture)
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469 2:;921<;2767+;1/1608$:/ 25/6;9?+22/:7+62160795;27626;1/9 7::26

192;/92:;22: 7+ 8469 2:;921<;276 7+
Huan County - Qingyang - Ning County 1/21 19 :6 := Under the joint control of the
Zhengning shore - shallow lake area, which is in the
asymmetric basal topography of the lake basin,
western and northern parts of the basin, exists ringhydrodynamics, and coastline expansion and migrashaped beach bar sands parallel to the coastline. In
the gentle slope area of the northeast part of the
tion, the coastal area of the steep slope in the
basin, the sedimentary facies are mainly the bandsouthwest part of the basin was in favor of the delike distributary channel sand body of delta.
velopment of beach bar sands. The sedimentary

facies analysis of the whole basin targeted on the
2062+2262/ 7+ ;1/ 2:27=/9? 7+ 1/21 19
Chang82 sub-stage was implemented and the planar
:6 := The lithologic oil and gas reservoir is an
distribution of sedimentary facies was illustrated in
important aspect, in terms of the oil and gas exploFig. 9. It can be seen the lake coastline locates in
ration in China. In the practice of exploring largethe proximity of the Tongchuan - Zhengning - Ning
area lithologic hydrocarbon reservoirs, the breakCounty - Qingyang Huan County - Dingbian through in exploration is closely linked up to the
Southern Jingbian - Northern Ansai area. In the
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evolution of insights into sedimentation. In recent
years, the discovery of the new deposition facies,
such as shallow-water lacustrine delta, sandy debris
flow in the center of the lake basin, greatly contribute to the considerable growth of hydrocarbon initially in place in major depression basin like the
Ordos and Songliao Basins.
The oil and gas exploration in the Ordos Basin,
guided by the principles of prospecting lithologic
hydrocarbon reservoirs, has discovered major oil
and gas fields one after another in the surrounding
layers of the Chang7 source rock, namely the
Chang61 Member in the northern Shanxi, Chang81
Member in the eastern Gansu, and Chang63 Member in the center of the lake basin. With the production rapidly increasing to 50 million tons per year,
the future exploration space is constantly narrowing.
Given this, the discovery of the new sedimentary
facies, namely the extensive beach bar sand body of
the Chang82 Member, expands the series of strata
and types of petroleum exploration in the Ordos
Basin, which is significant to the future strategic
resource replacement.
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This paper takes the logging reservoir evaluation of Gulong Oilfield in Songliao Basin as the research object. Based on conventional logging data,
acoustic imaging and other well logging methods,
the drilling core and experimental well simulation
are used as the means to systematically evaluate the
complex characteristics of igneous rocks. Characteristics of oil and gas lithologic reservoirs. Through
the research in this paper, the results are obtained:
Based on reservoir porosity, permeability, water saturation and other reservoir parameters, the Putaohua
layer is divided into lower, middle and upper parts
according to the changes of the two sedimentary
transition surfaces and the short-term base surface
cycle. The porosity of breccia-like rough rock is
mostly between 5 to 25. prediction results of attenuation characteristics of well-free constrained spectrum imaging based on seismic data information, and
well-constrained high-resolution resistivity pseudoacoustic impedance inversion results, fused into a dimensionless class. The attribute, from the logging inversion section, the corresponding small layer of
sand body is reflected on the section, the recognition
ability can be more than 2 meters; after reconstructing the acoustic time difference curve result, the igneous rock distribution and the favorable reservoir
can be accurately judged and analyzed. To improve
the ability to develop oil and gas reservoirs in igneous rocks.



Igneous rock identification has always been a
key task in oil and gas exploration. In the application
of synthetic seismic records to identify igneous rocks
[1-3], the individual acoustic time difference curve
does not reflect the lithological characteristics and
wave impedance information of the whole well, but
Acoustic time difference reflects insensitive stratigraphic features can be supplemented by the information of other logging curves. Logging data has the
advantage of high resolution in the vertical direction,
but not every logging curve can effectively reflect
the stratum [4-7]. The characteristic curve reconstruction technique can reconstruct a curve that can
better reflect the underground lithology characteristics by using the higher resolution logging curve [89], thereby improving the longitudinal resolution of
the synthetic seismic record in the seismic data volume. It is better able to identify special lithology
(Fig. 1) [6, 10-13].
The Gulong Oilfield is located in the middle of
the Songliao Basin, spanning two secondary structural belts of the Qijia-Gulong Sag and the Longhubu
terrace (Fig. 2). From the top to the bottom, Gulong
Oilfield is the Quaternary and Tertiary Taikang. Formation of the Cenozoic, the Mingshui Formation of
the Mesozoic Cretaceous, the Sifangtai Formation,
the Nenjiang Formation, the Yaojia Formation, the
Qingshankou Formation and the Quantou Formation.
The third line of Da'an group and Yi'an group are
missing.

*)!$%
Songliao Basin, Igneous Rock, Reservoir, SDT Reconstruction
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%15>85/ -??=5.@?1 -9-7D>5> ?1/49:7:3D Seismic attribute analysis mainly extracts the well-defined attributes such as waveform (waveform clustering attribute), amplitude (root mean square amplitude, etc.), frequency class (spectral decomposition),
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attenuation gradient, instantaneous absorption coefficient, etc., and the Gulong oilfield stratum in
Songliao Basin [14-16].

on the well log. It is first necessary to eliminate the
background field to highlight the log response characteristics of the igneous rock, and to preserve the
log response characteristics between the background
field value S and the extremum S2 after the wild
value [11, 18-21]. The S value is determined according to the actual situation of the study area:
(1)
     
In the formula,  is the mean value of the log
curve, 1 is the extremum after the log value is defielded;  is the relative coefficient, and the  value
is 0.6 by actual simulation.

:9A1=>5:9 :2 9:9>:95/ /@=A1 ?: ;>1@0:
-/:@>?5//@=A1The Faust formula is used to convert
the resistivity curve into a pseudo-acoustic curve [11,
21-23]. The Faust formula characterizes the empirical formula of the statistical relationship between the
formation resistivity curve and the acoustic curve
under depth constraints:
(2)
  
In the formula, , , and  is the formation parameters of different regions,  is the depth, and 
is the resistivity.

#@-9?5?-?5A1 ;=105/?5:9 81?4:0 2:= /:8
.5910>15>85/59A1=>5:9In order to further describe
the spatial variation of thin sand bodies, the oil-bearing boundary is determined. In the main part where
the proven reserves are submitted, the reservoir inversion processing and reservoir prediction are carried out separately by EPS software and Jason software [17-20]. The core data of the exploration wells
are used to analyze. The intrinsic relationship between logging information and seismic data establishes an interpretation model of geological-loggingseismic based on certain indicators, and then predicts
reservoirs and hydrocarbon-bearing properties,
thereby enhancing the reliability of earthquake prediction. Based on the drilling data, the seismic inversion is mainly combined with the seismic attribute
analysis to study the sandstone thickness and effective reservoir distribution characteristics.

&=1-?819? 81?4:0 :2 5391:@> =:/6 7:33593
/@=A1In order to effectively identify igneous rocks
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$17-?5:9>45;.1?B11975?4:7:3D-90;4D>5/-7;=:;1=?51>:25391:@>=:/6>59?411->?1=9>-3:25-:41->59
Lithology
Basalt
Coarse rock
Diabase

Max
0.9
2.3
14.4

Porosity (%)
Min
Average
29.2
12.34
28.2
10.76
3.3
7.9

Max
0.01
0.03
5

Permeability (mD)
Min
Average
36.6
0.28
56
0.38
0.02
0.47

Samples
79
166
6

'$ 
:-=>1=:/6?D;1;:=:>5?D;1=81-.575?D=17-?5:9>45;05-3=-8
compact basalt, and the stomatal basalt has a wide
range of physical properties. Its porosity and permeability are determined by the development of stomatal pores. It is decided that the porosity of the
breccia-like trachyte is mostly between 5 and 25, and
the distribution range is more concentrated than that
of the coarse shale.

$%'&%

"4D>5/-7 ;=:;1=?51> -90 31:7:35/-7 /4-=-/
?1=5>?5/> :2 5391:@> =1>1=A:5=>   391:@> =:/6
;=:;1=?D=17-?5:9>45; The formation sediments in
Gulong Oilfield are stable. The igneous reservoirs
are characterized by many types of reservoir space,
complex pore structure, large differences in reservoir
performance and strong heterogeneity. Lithology is
an important factor affecting the reservoir properties
of igneous rocks. Different lithologies have different
properties such as structure, structure, hardness,
composition and density, which will lead to large
physical differences. The relative physical and
chemical properties of lithologic reservoirs in different igneous rocks are not absolute. The physical
properties of the reservoirs are also related to the
later diagenetic transformation. Based on the developmental characteristics of igneous rocks in this area,
combined with the actual conditions of exploration.
The igneous rocks in this area are divided into three
categories: basalt, trachyte and diabase. The physical
distribution and reservoir development characteristics are analyzed.
According to the statistical results of 251 samples in the eastern depression of the Songliao Basin
(Table 1), the physical conditions of basalt and
coarse porphyry are better than those of diabase: the
average porosity is 12.32%, 10.76%, 7.9%, respectively. The average values were 0.28 mD, 0.38 mD,
and 0.47 mD, respectively.
From the difference of porosity-permeability
relationship between different types of basalt and
trachyte (Fig. 3), the breccia basalt is superior to the

  %105819?-?5:9 /:9A1=>5:9 >@=2-/1 7:3
3593 =1>;:9>1 05>/=5859-?5:9 The Putaohua oil
layer is divided into three upper, middle and lower
quasi-sequence groups according to the change between the two inter-deposited sections and the medium-term base surface cycle. The Putaohua oil layer
is divided into three sets according to the changes of
the two sedimentary transition surfaces and the
short-term base surface cycle (Fig. 4).
Lower quasi-sequence group (lower sandstone
group): it is the geological record of the mid-base
reference surface uplift and retention. In the lower
part of the lower quasi-sequence group, the accommodating space/sediment supply value is relatively
low, and the multi-stage sub-channel is washed away.
A number of thin sandstone deposits with bottom
flushing surfaces are formed, and the phase sequence
of the developed distributary channel, the crevasse
fan and the Dingkou channel is incomplete, the
thickness is small, and the width of the channel is
large. The overall shape of the logging curve is a thin
layer of teeth, and the split channel and the segmental fan sandstone partially sandwiched therein have a
low-value GR response and a bottom mutation. The
thickness of the entire sequence group is about 30
meters, the sequence group consists of three pseudo-
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sequences (PI8 layer to PI6 layer), and the PI8 layer is
a thin layer between the underwater distributary
channel sand body and the underwater distributary
channel formed by the short-term reference surface
rising cycle. Sand, mudstone, PI7 layer is the shortterm datum plane transformation into the crevasse
channel formed by the rising cycle or the thin sand
and mudstone between the distributary channels.
The PI6 layer is converted into the crevasse channel
sand or diversion formed by the rising cycle after the
descent datum is lowered.
The central quasi-sequence group (middle
sandstone group): it is a geological record of the intermediate-base descent down to the upswing cycle
retention, and the sediment supply value is relatively
high due to the rise of the datum. The developed diversion channel, the censor fan or the censor channel
sand has certain inheritance, complete phase sequence, large thickness and small river channel
width. The thickness of the entire sequence group is
about 27 meters, and the sequence group is composed of three quasi-sequences (PI3-5 layer). The PI5
layer converts the short-term datum plane into an underwater distributary channel sand body formed by
an ascending cycle or a thin layer of sand and mudstone between the subaqueous distributary channels.

The PI4 layer is a thin layer of sand and mudstone
between the underwater distributary channels
formed by the short-term reference plane rising cycle.
The PI3 layer is converted into a subaqueous distributary channel sand body formed by a rising cycle or
an underwater sub-streaming thin layer sand. Mudstone.
The upper quasi-sequence group (upper sandstone group): The geological record reserved for the
intermediate-base descent to the ascending cycle.
Due to the sufficient supply of sediment, the sediment supply value increases, and the accommodating space/sediment supply value is higher than that
of the middle quasi-layer. The sequence group was
slightly reduced during deposition. The diverging
channel has fewer periods, and the developed sandlike sand, split-sand thin sand and Dingkou river
sand have a relatively complete phase sequence, and
the formed sand body has medium thickness and
large width. The thickness of the stratum is about
15meters, the sequence group is composed of two
quasi-sequences (PI1-2 layer), the PI2 layer is the interbedded sand and mudstone interbedded by the
short-term datum, and the PI1 layer is formed by the
short-term datum. Dividing thin sand and mudstone
between rivers.
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& 
:3359359?1=;=1?-?5:9=1>@7?>:2@   B177
Layer
P
P
P
P
P
P
P

Oil
layer
group
"E 
"E 
"E 
"E 
"E
"E
"E

Number
21
22
23
24
25
26
27

Well
section
(m)
1872.6-1874
1875.4-1877.2
1891-1893.8
1897.2-1899.6
1921-1923.4
1931.4-1932
1934-1937.2

Thickness
(m)
1.4
1.8
2.8
2.4
2.4
0.6
3.2

Apparent
resistivity
(Ω×m)
10.1
18.7
9.2
15.4
15.4
9.7
19

SDT
(ms/ft)

Porosity
%

252.6
247
251.4
257.1
255
248.3
256.3

/
14.6
/
17.7
16.6
/
17.2

Oil
saturation
(%)
/
49.8
/
48.3
47.1
/
48.4

Result
Dry layer
Poor oil layer
Dry layer
Oil and water
Oil and water
Dry layer
Oil and water


The prediction results of the attenuation-free
property of the well-free constrained spectrum imaging based on seismic data information, and the wellconstrained high-resolution resistivity pseudoacoustic impedance inversion results are merged into
a dimensionless property, according to the strength
and weakness of the final attenuation gradient. In
comparison with the effective thickness division of
the well, it is roughly classified as an oily, watery or
dense dry layer in the reservoir, and it is considered
that the high attenuation is a favorable reservoir. The
predicted results are in good agreement with the
known results, clearly reflecting the lateral changes
of favorable reservoirs, and achieving the matching
effect of the inversion results with the reservoir profile (Fig. 5).
Based on the step-by-step inversion, the study
shows that in the seismic inversion of Gulong Oilfield in Songliao Basin. Through the verification of
the ancient 471-A1 well, from the log interpretation
results (Table 2). It is on the inversion section, the
corresponding small layer. The sand body is reflected in the section, and the recognition ability can
be more than 2 meters.

$1/:9>?=@/?5:959A1=>5:9:25391:@>=:/659
-/:@>?5//@=A1According to the actual problem of
igneous rock calibration in the study area and the response of the igneous rock's own petrophysivity on
the logging data, the conventional logging SP, GR,
RLLD logging data is selected to reconstruct and

:33593 592:=8-?5:9 2@>5:9 ;=105/?5:9 =1
>@7?> 05>/@>>5:9The distribution of oil and gas in
Gulong Oilfield is complex and the lateral change of
reservoir is fast. The physical properties of the reservoir and the fluid properties are difficult to judge by
a single method such as conventional logging parameter inversion and attribute extraction. The statistical
results of the reservoir impedance of the wellbore in
the target interval and the hydrocarbon-bearing water shown in the well show that the reservoir and oilbearing sandstone with good physical properties
cannot be distinguished by the impedance value
alone.
Theoretical studies have shown that, compared
with dense geological bodies, fluids, such as water,
oil or gas in the local plastids. It causes seismic wave
scattering and attenuation of seismic energy to be absorbed by the fluid. Experiments show that when the
fluid saturation in the reservoir is greater than 30%,
the difference in attenuation between gas and oil is
small, and the difference between the two is very
large. The reservoirs in this area mainly produce oil
and water layers. Therefore, the fluid attenuation in
the reservoir is mainly due to the oil rich. In theory,
when the pores in the reservoir are relatively developed and rich in oil, the high-frequency energy attenuation in the seismic wave is greater than the attenuation of the low-frequency energy. The oil content of the reservoir can be detected by extracting the
attenuation gradient property that measures the degree of attenuation of the high frequency energy.
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reconstruct the acoustic time difference curve, thus
improving the accuracy of igneous rock identification [13]. Through experiments, it is possible to reconstruct the acoustic time difference curve using
other logging curves. The SP and GR curves were
used to reconstruct the acoustic time difference
curve in the igneous rock development zone (Fig. 6)

[15, 17], in which the blue curve is the original log
curve and the red curve is the reconstructed curve. It
is found that in the igneous rock development area,
the curve is reasonably improved, which is consistent with the acoustic wave time response characteristics of igneous rocks.
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Notes: a -- Inversion of original acoustic curve; b -- Reconstructed acoustic curve inversion results.
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Comparing the inversion results of the original
acoustic wave time difference curve with the inversion results of the reconstructed acoustic wave time
difference curve. It can be found that the inversion
characteristics of the igneous rock development section are not obvious, the layer position is not clear,
and it is difficult to divide the distribution of the igneous rock in the horizontal and vertical directions.
These problems have been improved after reconstruction, which helps to accurately determine the
distribution of igneous rocks and the division of favorable reservoirs, and improve the ability to develop reservoirs in igneous rocks. The comparison
between the seismic record and the well-side seismic
data of the igneous rock development section shows
that the strong emission wave resistance characteristics of the igneous rock development area have a
good correspondence relationship, the correlation
coefficient is greatly improved, and the accuracy of
igneous rock identification is greatly improved. Synthetic seismic records were produced from multiple
wells in the study area, and the identified igneous
rock drilling wells were displayed, showing the basalt and diabase along the fault intrusion distribution
and piercing the formation (Fig. 7).

(3) Comparing the inversion results of the original acoustic wave time difference curve with the inversion results of the reconstructed acoustic wave
time difference curve, it can be found that the inversion characteristics of the igneous rock development
section are not obvious, the layer position is not clear,
and it is difficult to divide the igneous rock in the
horizontal and vertical directions. Distribution, these
problems have been improved after reconstruction,
which helps to accurately determine the distribution
of igneous rocks and divide favorable reservoirs, and
improve the ability to develop reservoirs in igneous
rocks.
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Taiyuan, Shanxi 030000, China

the utilization of nuclear technology. At present, the
geological disposal of high-level radioactive waste is
considered to be the most promising project solution
[1]. The comparison and selection of geological disposal sites and surrounding rock types of high-level
radioactive waste (HLW) in the world has become a
basic principle and requirement for the location of
radioactive waste disposal facilities. It is also a necessary condition for audit and management decisionmaking. A variety of surrounding rock types of disposal repository have been studied, such as granite,
clay rock, salt rock, tuff and so on [2-4]. With the
progress of research and development, granite and
clay have attracted the attention of nuclear countries.
The multi-field coupling problem is the main
rock mechanics problem in the geological disposal
of radioactive waste [5-6]. Among them, the research on the temperature-seepage-stress (THM)
coupling characteristics of nuclear waste geological
storage medium clay has become a hot issue [7].
Scholars have carried out a large number of experiments [8-14] and theoretical research [13-19]. The
complex coupling between multi-physical fields has
a very important influence on the long-term stability
of engineering rock mass [20-21]. Through the sensitivity analysis of hydraulic response characteristics
of multi-field coupling characteristics, scholars have
found out the dominant factors affecting the stability
of surrounding rock under the condition of THM
coupling. Gens et al. [22] analyzed the sensitivity of
elastic modulus, Biot coefficient, thermal expansion
coefficient and permeability coefficient to hydraulic
response characteristics, and considered that permeability coefficient and elastic modulus are the main
influencing factors.
Chen et al. [23] carried out THM coupling parameter sensitivity analysis of clay nuclear waste
disposal repository. It is considered that permeability
coefficient, elastic modulus and thermal conductivity are the main influencing factors. The influence of
plastic mechanical parameters of surrounding rock
(cohesion and internal friction angle) cannot be ignored. Although a large number of experiments and
theoretical studies have been carried out on the THM
coupling characteristics of the surrounding rock of
the reservoir. However, due to the high risk and long

$%#%
Based on the conceptual design of high-level
radioactive waste disposal repository in China, combined with the design concept of high-level radioactive waste disposal repository in France and Belgium,
the temperature-seepage-stress coupling plastic
model was applied to simulate the thermodynamic
response characteristics of clay nuclear waste disposal repository. The contribution degree of the influence of temperature field on stress site was quantitatively calculated and analyzed. The results show
that without considering the seepage field, the nuclear waste disposal process is essentially a mechanical-thermal sequence coupling process. When the
disposal begins, the whole temperature field shows a
process of rapid growth, peak value, lasting for a period of time, slow decline, rapid decline and reaching
equilibrium again. But there are some differences in
different regions. The variation range of surrounding
rock displacement field is generally between 1mm
and 2mm. The displacement in some areas is large.
Yet as time passed, the area with large displacement
will gradually decrease to 1-2mm and tend to be stable. Through the coupling analysis of mechanics and
mechanical-thermal sequence, it is found that the
temperature field has a significant effect on the stress
field. The contribution rate of thermal stress is between 18.1% and 39.4% and the average value is
27.9%. The result of this study can provide a scientific basis for the analysis of thermal-mechanical
coupling mechanism of clay in nuclear waste disposal repository.
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High-level radioactive wastes, geological disposal, nearfield, clay, mechanical-thermal couple
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With the rapid development of nuclear power
technology in the world, the safe disposal of highlevel radioactive waste is one of the outstanding
problems in the development of nuclear energy and
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life characteristics of radionuclides, it is determined
that the disposal of radionuclides in geological storage is a long time scale process. In the research process, scholars often ignore the coupling order of the
physical field in the actual case of the repository
(Without considering the influence of seepage field,
the nuclear waste disposal process is essentially a
mechanical-thermal sequence coupling process) and
the influence of time effect. In such a long-time scale,
the simulation study of multi-field coupling has become an inevitable choice to evaluate the safety of
deep geological disposal coefficient of high-level radioactive waste.
In order to accurately evaluate the main factors
of the stability of clay nuclear waste disposal repository and understand the coupling mechanism of
temperature field and stress field more deeply, the
clay pre-selected area of Tamusu in China is taken as
the engineering geological background. According
to the current domestic conceptual design, combined
with the design idea of disposal repository in France
and Belgium, the finite element program ABAQUS
software is used to simulate the process of nuclear
waste disposal. The relationship among temperature,
displacement and stress at the key structure of the repository under the condition of thermal-mechanical
coupling was analyzed. The contribution degree of
the influence of temperature field on stress site was
quantitatively calculated and analyzed.

the roadway is not affected by the external in-situ
stress. Due to the existence of anti-seepage structure,
coupled with the external surrounding rock is a low
permeability clay medium, groundwater is also difficult to enter the reservoir, even if part of the entry,
the impact should also be negligible. In the medium
which is basically impervious to water, the main heat
transfer mechanism is heat transfer, which depends
on the thermal conductivity of the medium. Generally speaking, the thermal conductivity changes with
the change of saturation. For the clay surrounding
rock medium with low permeability, there is little
difference in the thermal conductivity when the saturation changes little. If it is assumed that the surrounding rock of the clay disposal repository is saturated, the THM coupling problem of the second
stage can be simplified to the coupling process of
mechanical-thermal sequence under the condition of
water saturation of the surrounding rock.
In the case of the third stage, once the engineering barrier fails, the cavern structure no longer exists.
The internal structure of the disposal repository is integrated with the external surrounding rock. At this
point, the in-situ stress can be transferred in. The
stress redistribution is adjusted to a stable state. The
same is true of the seepage field. This phase also
means that the repository is already in the closed
phase. The near field has been integrated with the far
field. The THM coupling problem of the so-called
"near field" is no longer the key problem at this
stage. The concern should be the migration of nuclides from the near field to the far field from the
failed waste tank. Therefore, the research on multifield coupling of nuclear waste disposal repository
should focus on the second stage period.

+;3-8:36-384/;The software ABAQUS realizes the THM coupling analysis of deformable saturated porous media by solving momentum conservation equation, mass conservation equation, energy
conservation equation, Terzaghi effective stress
equation and constitutive equation.
Momentum conservation equation:

%#$ %!$

/+:03/4. <2/:5+4?+</:5/-2+63-+4 -7=
84361The multi-field coupling of nuclear waste disposal repository has a very important influence on
the long-term stability of engineering rock mass. The
author thinks that the study should be divided into
three stages. The first stage is the excavation of the
chamber to the completion of the excavation of the
chamber. The second stage is from the completion of
waste reception in underground storage to the failure
of engineering barrier. The third stage is after the
failure of the barrier of the cavern group. In these
three different stages, the stress field and seepage
field of the cavern group and the surrounding rock
are completely different. The first stage is mainly
carried out in the cavern excavation, support and
other related engineering measures. The key problem in this stage is the research on the stability of
excavation in the process of construction. It is
mainly the study of stress field and the problem of
multi-field coupling has not yet been involved. The
study of near-field multi-field coupling should focus
on the second stage. However, the second stage has
a certain particularity. At this stage, the engineering
barrier has not yet failed, and the lining and antiseepage structure in the disposal roadway still exist.
The external in-situ stress cannot be transferred to
the interior. In other words, the internal material of
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Where  is elastic modulus tensor, is displacement vector,  is temperature, is thermal expansion coefficient of clay skeleton,  is plastic
strain tensor,  is Crowe function, w is pore water
pressure, $ is Biot coefficient, $ = 1,  is the density of fluid and g is the acceleration of gravity.
Mass conservation equation:
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Where n is porosity, βw is thermal expansion
coefficient of water,  is density of particle skeleton,
$ is density of water, s is volume modulus of particle skeleton, w is volume modulus of water,

591





  



    ! 

" #

"



&# 
%2/-76-/8<./;31670(.3;87;+4:/87;3<7:B
is permeability tensor, w is hydrodynamic viscosity
coefficient. # is effective stress.
Energy conservation equation:
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The decay heat power of a high-level glass solidified
waste is shown in Table 1 and Fig. 2.
  $35=4+</. ,+;3- 8+:+5/</:; The basic
parameters involved in the simulation process are
shown in Table 2.

"

 12 0  .  5 ! 6 .   !
(3)
Where  is the thermal conductivity tensor of
rock mass,  is the stress tensor,  # 0 1-n2 .
$ $ , cs is the specific heat capacity of particle
skeleton, cw is the specific heat capacity of water,
 0 $ $ .   ,  is the heat absorbed by particle skeleton, and $ is the heat absorbed by water.
The governing equation of THM coupling calculation is composed of formula (1) - (3). The basic
unknown variables in the equation are displacement
vector u, pore water pressure pw, temperature T and
porosity n. ABAQUS solves the above formula by
sequential force-thermal coupling.

=5/:3-+4 -+4-=4+<376 57./4 According to
the current domestic conceptual design, combined
with the design idea of disposal repository in France
and Belgium [24-26], this paper finally puts forward
the design scheme of disposal roadway and horizontal drilling. The dimensions of each part of the design
are shown in Fig. 1. The numerical simulation calculation is mainly based on this design scheme.
The numerical model connects the roadway
with a diameter of 3.5m. The diameter and length of
the horizontal disposal roadway are 2m and 9m respectively. Three waste packages with a diameter of
0.55m and a length of 1.61m were designed in the
roadway of horizontal disposal depot. The waste
package is filled with backfill bentonite. A concrete
plug with a diameter of 2m and a length of 0.5m is
arranged at the top and bottom of the horizontal
roadway.

#/4+</. -+4-=4+<376 8+:+5/</:;   /+<
;7=:-/8+:+5/</:; The decay heat of high-level radioactive waste due to the decay of internal nuclides
is an important input data for thermal calculation.

% 
/-+B<2/:5+487?/:7014+;;-76<+36361
<2/:+.376=-43./;
Time(a)
0
10
20
30
40
50
60
70
80
90
100

Decay thermal power (w)
2200
1500
1180
920
760
600
480
400
330
270
230

  B87<2/<3-+4 -76.3<376; 363<3+4 -76.3
<376; +6. ,7=6.+:B -76.3<376;  B87<2/<3-+4
-76.3<376; Based on the minimum requirements of
safety evaluation, the following assumptions are
made before numerical simulation:
? It is assumed that the surrounding rock of
underground near-field clay is saturated. The surrounding rock is regarded as a uniform and continuous medium material.
@ It is assumed that the porosity of bentonite
is 40%. And it is a dry, uniform and continuous medium material.
A Waste containers are generally very thin
and their thermal conductivity is generally relatively
high. Therefore, in the process of heat transfer, the
waste container can release heat from the waste object to the outer packing container at an extremely
fast speed. The material layer of the waste container
is not created during the modeling process. This simplification will not have a great impact on the results
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of heat transfer calculation. At the same time, it can
also avoid dividing the over-fine elements because
of the small thickness of the material layer to speed
up the calculation speed.

the whole, the temperature field of the warehouse increases rapidly to the peak value after the heat release of the waste tank and maintains for a period of
time and then decreases slowly. When the heat release continues to about the 100th day, the temperature field of the repository reaches the peak. The
highest temperature can reach about 100 °C and last
for nearly one year. A year later, the temperature began to drop. But the rate of decline is slow. After the
10th year, the rate of temperature decline became
faster. After the 30th year, the temperature field of
the disposal repository basically returned to the normal state. After 30 years, the temperature field of the
repository basically does not change. However, there
are great differences in the temperature field of different areas (buffer material, backfill material and
sealing plug) and surrounding rock in the disposal
roadway.
In order to more intuitively explain the change
of the temperature field of the storage in the past 100
years, several monitoring points have been set up in
the sealing plug, buffer material (bentonite), backfilling material (sand), air roadway and surrounding
rock of the disposal repository (Fig. 4). By extracting
the corresponding data of the monitoring points, the
following relation curves are obtained.

 63<3+4 -76.3<376; +6. ,7=6.+:B -76.3
<376;The initial conditions are set to buffer material
and tunnel backfilling. The initial temperature of the
whole roadway and surrounding rock is set to 25 °C.
According to the variation of in-situ stress in Tamusu
area, the initial geo-stress field is decomposed into
the top gravity stress component and the horizontal
geostress component. The interface binding contact
relationship is defined at the boundary between
waste package and roadway, roadway and surrounding rock. The bottom and right boundaries of the
model are set as fixed support.

#$&%$

%/58/:+<=:/ 03/4. The thermal-mechanical
coupling numerical analysis of the whole disposal
repository is carried out by using ABAQUS finite element software. The evolution of temperature field
and stress field in 100 years is calculated (Fig. 3). On

&# 
%2/:/4+<376;238,/<?//6./-+B<2/:5+487?/:+6.<35/7014+;;-76<+36361<2/:+.376=-43./;

% 
+;3-8+:+5/</:;70-758=<+<376+457./4
Materials
Concrete sealing plug
Backfill material
Air
Waste canister
Surrounding rock
Buffer material

Elasticity
modulus
/(Pa)
5.5×1010
1×107
1
2.0×1012
2.25×1010
5×106

Poisson’s
ratio

0.25
0.25
0.001
0.26
0.28
0.35

Density
/(kg·m-3)
2800
2100
1.293
7930
2360
1800

593

Thermal
conductivity
(W·m-1·K-1)
2.06
2.1
0.028
15
1.378
0.4

Specific
heat
/(J·Kg-1K-1)
250
880
1000
420
1747
1334

Thermal
expansivity
/(1/A)
1×10-5
1×10-5
3×10-3
1.3×10-5
3×10-6
1×10-5
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>74=<37670</58/:+<=:/?3<2<35/366/+:03/4.

&# 
+B7=<705763<7:3618736<;36.3;87;+4:/87;3<7:B
about 10 °C higher than that on the left side. The
maximum temperature decreased by about 25 °C
from the inner A4 to the outer A3 (0.5m) of the plug.
In the backfill area, the maximum temperature of
backfill material decreased by nearly 20 °C from
monitoring points C1 and C3 to monitoring points
C2 and C4. In the connecting roadway, the temperature field is discrete. The rate of heat transfer is very
fast. The heat energy is transferred from the monitoring points D1 and D2 through the air medium to
the monitoring points D3, D4 and D5. The maximum
temperature decreased rapidly from 70 °C to 80 °C
to 30 °C to 40 °C. In the surrounding rock, the influence range of the heat release of the waste tank is
roughly within the elliptical range of B8 as the center
of the circle, with the long axis 10m-11m and the
short axis 7m-8m. In the range of ellipse, the maximum temperature of 1 m from the center of the circle
decreases by about 15 °C. If it goes beyond this
range, the temperature field does not change much.

Because of the strong symmetry of the temperature field distribution, the selection of monitoring
points tends to select the data of one side of the region (the upper half of the region) for analysis as
shown in Fig. 5. Through the extraction of the temperature field data of each monitoring point, it is
found that with the continuous heat release of the
waste tank, the near-field ambient temperature of the
whole disposal increases rapidly. However, there are
some differences in the degree of temperature
change in different regions in the near-field environment. It shows the characteristic that the closer to the
heat source is, the greater the temperature increase is.
Among them, the temperature of the buffer material
directly wrapped in the waste tank increased the
most. The temperature can reach 140 °C (Monitoring
point B8). The maximum temperature of bentonite
decreased by about 15 °C from B8 to B3 (0.72m).
The temperature of the concrete plug area of the
sealed roadway can reach 100 °C. It should be
pointed out that the seal plug on the right side is
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>74=<37670</58/:+<=:/?3<2<35/+</+-25763<7:3618736<366/+:03/4.
Notes: (a) concrete sealing plug (left); (b) concrete sealing plug (right); (c) buffer material; (d) backfill material; (e) disposal
tunnel; f. surrounding rock (clay).


3;84+-/5/6< 03/4. The specific calculation
results of the displacement field are shown in Fig. 6
below. The variation range of surrounding rock displacement field is generally in 1-4mm. The displacement in some areas is large. However, with the passage of time, the area with large displacement will
gradually decrease and tend to be stable.
Similarly, in order to more visually observe the
changes in the displacement field of the disposal repository within 100 years, a number of representative monitoring points have been established. The
following relation curves are obtained by extracting
the data of the monitoring points as shown in Fig. 7.
By extracting the temperature field data of each
monitoring point, it is found that the displacement of
the left concrete sealing plug monitoring point is
mainly between 1 mm and 1.5 mm. The displacement of the monitoring point on the right is mainly
concentrated between 1.5 mm and 3 mm. The main
reason is that the left plug is in contact with the relatively dense surrounding rock, while the right plug is
in contact with the relatively loose backfilling

material. In the buffer (bentonite) area, the upper
bentonite displacement is larger, between 2.5 mm
and 3.5 mm. The lower part is relatively small and
the displacement is concentrated in 1-1.5mm. In the
backfill area, the displacement on the left side is
larger than that on the right side. The displacement
is between 1.5 and 2.5 mm. The maximum displacement of D1 in the middle corner of the connecting
roadway is about 4 mm. The displacement of the
vault D5 and the left monitoring point is about 3mm.
The range of displacement in the initial state of monitoring point D is between 1 and 2 mm. With the passage of time, the displacement increases gradually.
After about 100 days, the displacement reaches 6
mm and lasts about 2 years. Then the displacement
decreases gradually. At the 30th year, the maximum
displacement is 1mm and tends to be stable gradually.
In the near-field surrounding rock area, the displacement of E1-E4 may be about 3-4 mm because it is
just in the boundary of the model. The rest of the normal conditions are between 1mm and 2mm.
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&#
>74=<37670.3;84+-/5/6<?3<2<35/+</+-25763<7:3618736<366/+:03/4.
Notes: (a) concrete sealing plug; (b) buffer material; (c) backfill material; (d) disposal tunnel; (e) surrounding rock (clay)
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The numerical results show that the distribution
characteristics of the stress field of the surrounding
rock caused by the two different analysis methods
are similar. However, the values under the final
stress state are different. It is assumed that the stress
increment caused by the mechanical-thermal coupling is mainly caused by the temperature field. The
stress increments and thermal stress contribution
rates of Mises stress, maximum principal stress, minimum principal stress, S11 direction stress component, S22 direction stress component and S12 direction stress component are shown in Table 3.
It is estimated that the contribution rate of thermal stress through different indexes is between
18.1% and 39.4%. The average value is 27.9%. The
results show that the effect of temperature field on
stress field is very significant. The results of this
study are similar to those of Gens et al. [17] and
Chen et al. [18].

$<:/;;03/4. The distribution law of stress field
in disposal repository is mainly formed by the combined action of gravity stress, in-situ stress and thermal stress produced by saturated surrounding rock
under the heat release state of waste tank. The stress
concentration area mainly occurs in the middle of the
disposal roadway, the arch roof, the arch waist and
the arch bottom of the connecting roadway. Before
the disposal of waste, it is mainly affected by the
dead weight stress and in-situ stress of the overlying
strata [27-28]. After the disposal of waste, a thermal
stress will be attached to the waste heat release repository, that is, the problem of sequential mechanical-thermal coupling. In order to explore the contribution of thermal stress to the stress field of the disposal repository, the pure mechanics and sequential
mechanical-thermal coupling numerical calculation
and analysis of the disposal repository were carried
out respectively. The final stress state is shown in
Fig. 8.
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Mechanical
index
Mechanics
Mechanics-Thermal
sequence coupling
Stress increment
Contribution rate of
thermal stress

Mises
Stress
(Mpa)
15.77

Max. principal
stress
(Mpa)
7.56

Min. principal
stress
(Mpa)
16.23

20.42

8.95

4.65

1.38

29.5%

18.3%



! &$! $

S11
(Mpa)

S22
(Mpa)

S12
(Mpa)

7.568

3.15

7.44

22.63

8.932

4.05

9.98

6.4

13.64

0.9

2.54

39.4%

18.1%

28.5%

34.4%

Institute for Radiation Protection (Shuaiwei Zhao,
Liang Mao, and Meilan Jia) who have offered their
model data, calculation parameters and suggestions
during the research.
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in Tarim Oilfield, and the effect of speed increase is
as expected. In September 2006, the first gas drilling
was carried out in LX1 well, but it was forced to stop
because of the unstable wellbore sticking caused by
formation water outflow. The problem of wellbore
stability in air drilling process started to draw our attention. Beginning in April 2009, after the previous
study of wellbore stability and block optimization
under the conditions of water outflow and atomization, air drilling tests were conducted in gravel beds
of Kuqa and Kangcun Formations in DB block.
However, in the actual drilling process, most of the
formation water was converted into air atomization
drilling, and the gas was forced to stop because of
the excessive water outflow. Formation effluent and
borehole wall unstable sticking have become a bottleneck of gas drilling promotion. Based on the previous field knowledge and research results, it is considered that the water-free formation is more suitable
for air drilling. Therefore, the Gravel Formations of
Kuqa Formation and Kangcun Formation in BZ
block are selected for air drilling test. Although the
formation water is not drilled during the drilling process, serious wellbore instability problems occurred,
resulting in downhole sticking accidents [4].
To solve the wellbore instability problems in air
drilling, early researchers have paid attentions on the
mechanism of borehole wall instability in the process of gas-liquid conversion in China. However, the
mechanism of borehole wall instability under pureair
drilling condition is relatively absent investigated.
Zhu et al. [5-6] has analyzed the influence of temperature on borehole wall stability under air drilling
condition. Li and others [7] think that borehole instability in gas drilling is caused by lack of sufficient
fluid pressure support in borehole. They analyzed the
influence of in situ rock mechanical properties, in
situ stress state and mechanical-chemical coupling
law on borehole stability. Nie et al. [8] considered
the strain softening and shear expansion characteristics of rock material after peak strength and established the borehole wall stability model of gas drilling. Feng et al. [9] analyzed the problems of borehole stability, deviation control, high friction, sidewall peeling, water outflow, drilling tool fracture and
hydrogen sulfide in gas drilling, and put forward

 


There are huge gravel beds (1000-5000m) in
front of Kuqa Mountain in Tarim Basin. Using conventional drilling methods, the drill bit footage is
short, the rate of penetration is slow, and the whole
construction period is long. The performance has
been significantly improved by introducing air drilling. However, there are still some serious problems
during air drilling, such as wellbore instability, more
bottom-hole thick sand sinking in the bottom hole,
and sticking. Air drilling does not need to consider
the influence of pore pressure. Based on traditional
wellbore stability analysis model, a wellbore stability model suitable for air drilling is established. After
the analysis of the whole process of instability by using the new wellbore stability model, it is pointed out
that the sand sinking is mainly caused by the collapse
material when the wellbore collapses into an ellipse.
The formation of the collapse ellipse contributes to
maintain the wellbore stability and resolving the
doubts of the large amount of sand and the different
speed of sand sinking in the field. Based on the
above research results, it is concluded that air drilling is suitable for small conglomerate strata with uniform gravel distribution. For large and medium size
gravel strata, the influence of cementation strength
on wellbore stability should be considered. Our research proposed a new optimization criterion is proposed for the next optimization of air drilling well
location.

'&  
Conglomerate formation, air drilling, wellbore instability,
sand sinking, Tarim Basin



    
Air drilling has great advantages in compact lithology and difficult formation. It can greatly improve drilling speed and increase bit footage, which
is of great significance for improving deep drilling
speed [1-3]. Since 2006, gas drilling technology has
been applied in 8 wells (excluding nitrogen drilling)
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corresponding solutions. Jin et al. [10] proposed a
simple method for borehole stability analysis in gas
drilling. Based on the analysis of the advantages and
disadvantages of traditional gas drilling wellbore
stability theory, the stress distribution around the
wellbore is determined. Combining with Mohr-Coulomb criterion, the wellbore stability model of gas
drilling conditions is established, i.e. elastic-plastic
model and hard-brittle model. He et al. [11] tried to
improved wellbore stability by finding a new optimized drilling fluid formula with specific concern of
air drilling and carried out field test. Tasdelen et al.
[12-14] thoroughly analyzed the special downhole
conditions of gas drilling after formation water came
out. They proposed the performance requirements of
mud shale wellbore stabilization agent under wellbore downhole conditions, and discussed the experimental evaluation method of gas drilling wellbore
stabilization agent. Barrow et al. [15-16] analyzed
the interaction between drilling fluid and formation.
Based on the conduction, adsorption and diffusion of
porous media (water molecules and hydration ions),
electric field and electric repulsion of double layer,
they established a model to analyze wellbore stress.
The proposed model considers the law of permeation,
migration of drilling fluid filtrate in the formation,
and time dependent change of hydration stress and
formation strength. Based on the analysis of borehole diameter characteristics, logging data and mechanical stability theory, Bing et al. [17-18] developed a wellbore stability analysis model for inclined
wellbore during gas drilling.
Based on the current research, the mechanism
of borehole instability under gas drilling has been
thoroughly analyzed, the influence of pore pressure
on borehole stability is always considered in the
analysis. However, under normal air drilling conditions, pore pressure is hardly considered, so it is necessary to establish a new model which neglect the
pore pressure. Our research can provide theoretical
support for the stability analysis of air drilling
wellbore.
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&#+----3-4-5-46,-3.67-33*6-#-)*&3&-"
)5)3"#&#. Discrete element method was first proposed by Cundall in 1970s. It originated from molecular dynamics. The object of study was separated
into a set of rigid elements, and each element satisfies Newton's second law. The motion equation of
each element was solved by central difference
method, and the whole motion of the object was obtained [19-21]. Because of the heterogeneous distribution of gravel stratum, the traditional software
cannot effectively characterize the whole failure process. To solve this problem, we use discrete element
method to simulate the process of borehole wall instability in gravel stratum.
Based on the geological and engineering parameters of gravel strata in Kuqa Formation, a discrete element numerical model is established. The
parameters of the model include: simulated strata are
Kuqa Formation; depth is 2000 m; gravel characteristics is medium-fine gravel; maximum gravel radius
is 4 cm; minimum gravel radius is 0.8 cm; filling matrix radius is 0.1-0.2 cm with poor cementation degree. The porosity of the formation is 20%, and there
is no fluid in the formation. The maximum horizontal principal stress is 47 MPa, the minimum horizontal principal stress is 36 MPa, and the borehole size
is 43.18 cm.
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(3)
Where,  is radial stress, MPa;  is tangential stress, MPa;  is shear stress, MPa;  is
maximum horizontal stress, MPa;  is minimum horizontal stress, MPa; is wellbore circumferential angel, °;  is formation pressure, MPa; 
is the induced stress caused by temperature, MPa;
 is the differential temperature between bottom
hole and formation, °C; R is wellbore radius, m; r is
radial distance, m.
When drilling gravel formations, formation
water must be avoided in the stage of optimum formation selection. A new wellbore stability model under the condition of air drilling is obtained without
considering pore pressure.

   
&   ' 

&-33*6- --## &#-&*-&65 For vertical
wellbore, the effective stress around the wellbore can
be expressed as follows:
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After the fracture is formed around the gravel
grains, it penetrates rapidly with the nearby cracks.
Under the action of the ground stress, a large number
of accumulated cracks will propagate along the direction of the minimum principal stress (see
Figure 2).
The direction of the minimum ground stress in
Figure 2 is along the longitudinal direction, thus
forming an elliptical borehole with a long axis in the
longitudinal direction (red ellipse in Figure 3).
Figure 3 shows the failure mode of the borehole
wall, in which the thickness of the black line represents the size of the contact force between particles,
and the part without contact force indicates that the
fall and collapse have occurred. It is noteworthy that
a large number of debris (blue circle) around the
gravel grains on the right side of the well bore are
also caused, while the left side of the well bore is not
damaged. The reason is that there are many gravel
grains on the right side of the wellbore, which are
poorly cemented with cements, and there are microcracks. Under the action of shear stress, the cracks
extend and penetrate, reducing the rock strength and
causing wellbore blockage.

  

-&43)-&65 6. 7-33*6- &5#-)*&3&-" 76+-##
Figure 1 shows the process of crack initiation. The
red line in the left diagram represents the magnitude
of stress loading. The horizontal direction corresponds to the maximum horizontal principal stress,
and the vertical direction corresponds to the minimum horizontal principal stress. In the process of
fracture propagation, the green dots near the wellbore represent tense fractures (see right of Figure 1),
and the red dots represent shear fractures. Fissures
are first formed near the borehole wall. The number
of fractures in the figure is relatively small and not
obvious. Statistical analysis of the number of fractures shows that the number of tensional fractures is
more than that of shear fractures. When there are
large gravel grains around the wellbore, tensional
fractures form around the large gravel grains, and
then aggregate around the gravel grains in large
quantities, accompanied by a small number of shear
fractures. The fracture interconnection causes the
pebble grains to fall off. In order to observe the fracture propagation pattern around the borehole wall,
the integrity of the formation damage area is guaranteed by setting program commands, but in fact the
area where the fracture extends has collapsed.

 

   
  

 
)+2&5&-&)-&6576+-##


5.3-5+-6./)&5#&,--67-33*6-&5#-)*&3&-".
Based on the particle distribution, the grains with the
following radius size are selected: 0.5-2 mm, 1.5-3
mm, 2.5-4 mm, and 3.5-5 mm. The calculation time
is 2×10-3 s.

 
6),&5/#+-4-)5,+)+2&5&-&)-&65
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-7-33*6-&5#-)*&3&-".6,&..--5-/)<-37)-&+3-#&,-
Figure 4 shows the failure characteristics of
four kinds of gravel particle size distributions in the
borehole model with the same calculation time. The
red dot part represents the fracture, the red arrow represents the direction of fracture propagation, and the

large accumulation of the red dot part represents the
formation of the fracture zone and the occurrence of
surrounding rock spalling blocks. The large gravel
particles around the well reduce the compressive
strength of the surrounding rock. Under the action of
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borehole shear stress, the wellbore wall produces
block falling, forming irregular collapse ellipse in
the direction of minimum horizontal principal stress.
At the same time, the fracture propagation direction
of borehole models with different gravel particle size
distribution is slightly different. The larger the gravel
particles are, the greater the impact of gravel location
distribution on fracture propagation, and the damage
area around the well extends to the direction of
gravel particles.
When the radius of gravel particles is 0.5-2 mm,
wellbore collapse occurs in the near wellbore region.
The fall off of gravel particles happens almost simultaneously with the breakdown of cements. The
gravel distribution around the wellbore has little influence on the direction of fracture propagation. The
fracture almost extends along the minimum principal
stress direction, i.e. the Y axis direction. But the
damage area is relatively short in the Y axis direction
when the radius of gravel particles is 0.5-2 mm.
When the radius of gravel particles is 1.5-3 mm, the
wellbore collapse is more serious in the area with
large gravel particles in the X-axis direction. The
strength of the cementation surface around the large
gravel particles is low, and they are preferentially destroyed, forming the fracture aggregation area. At
the same time, multiple fracture aggregation areas
penetrate each other, accelerating the fracture propagation process, and the damage area is relatively distant in the Y-axis direction. When the radius of
gravel particles is 2.5-4 mm, the micro-cracks propagate along the direction of maximum principal
stress, and gradually connect with the aggregation
area of large-size gravel particles near the cracks.
The propagation process is faster, and the damage
area is farther along the Y-axis direction. When the
radius of gravel particles is 3.5-5 mm, the gravel particles are peeled off from the cements. In irregular
wellbore, the borehole wall instability is more prominent in the large-size gravel particle aggregation
area around the wellbore. For the gravel layer with
the same hole size, under the action of non-uniform
tectonic stress, the distribution of gravel particle size
affects the process of fracture propagation around

the well. The larger the particle size (greater than 3
mm), the multiple fracture accumulation zones penetrate each other, the fracture propagation is farther,
and the damage zone of the wellbore extends to the
depth around the well.
The results of discrete element simulation show
that the strength and size of gravel between cement
and gravel play a decisive role in wellbore stability.
For gravel formation, only cements are destroyed at
the beginning of wellbore instability, and then gravel
particles are peeled off from the wall. When using air
drilling, it is necessary to ensure that gravel particles
can be carried out of the wellbore. When gravel particles cannot be taken out, it is very easy to cause
bottom hole sand sinking, or even sticking.

&-3, 773&+)-&65 The proposed model has
been applied in a field of BZ district. Air drilling is
used and our model has been used to analyze wellbore stability.
  --5/- )5, !)-&+3- &,- 5)3"#&# 6.
)<-3)"- When the gravel content is the same,
the larger the gravel particle size, the lower the rock
strength. The stronger the cement strength, the
greater the rock strength. Statistical analysis shows
that the bigger the gravel size is, the easier the wellbore will collapse and fall. When the gravel size is
larger (generally greater than 5 mm), the cuttings are
difficult to be carried away from the bottom of the
well, resulting in excessive sand sinking, blockage
during drilling and sticking problems. Figure 5 is a
rock sample circulated by air drilling in BZ102 well
after mud conversion.
  )5, #&52&5/ *-)<&6 The regularity of
sand sinking in 333.375 mm wellbore is 8 m/100 m
(i.e. 8 m per 100 m formation). The regularity of
sand sinking in 333.375 mm wellbore of BZ102 well
is 17.9 m/100 m and the formula 2 is 14.2 m/100 m
(see Fig. 6). The main factors affecting the thickness
of sediment are the strength of cements and the size
of gravel.

 
-+--&5/#+&+3)--,.64--*6--6463-,&5/)&,&33&5/&5(  7-33
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--3)-&65#&7*--7--5+--&5/#7&-,&..--5-#&,-#)5,)&,&#73)+-4-5-
  )5,#&52&5/-)#65# Based on the simulation of air drilling in BZ102 well, when the borehole size is 333.375 mm and the well depth is 4700
m, the simulation results are shown in Fig. 7. When
the gas injection volume of 400 m3/min expands by
20%, only sand particles with 5 mm diameter can be
carried. When the hole expands by 40%, only sand
particles with 3 mm diameter can be carried (see
Fig. 7).
When the drill bit opens the formation, it forms
a collapse ellipse, which forms a large amount of
sand and gravel. Therefore, the carrying capacity of
the air injected into the wellbore will have a great
influence on the sand settling speed and depth.


    

(2) The content and strength of cements and the
size of gravel particle have great influence on wellbore stability. Air drilling is suitable for small conglomerate formation with uniform gravel distribution (diameter less than 5 mm). For large and medium size gravel layer, the influence of cementing
strength on wellbore stability should be considered.
(3) At present, the calculation of rock carrying
capacity under air drilling conditions does not consider the influence of irregular diameter, so further
research is needed. The data acquisition of upper
gravel electrical survey should be strengthened and
improved, and the research on gravel content, particle size and distribution should be further strengthened and refined to provide basic data for the optimization of air drilling well location.


 & 

(1) When drilling in gravel formations, the collapse ellipse is beneficial to reduce the stress concentration around the wellbore. The main source of bottom-hole sand sinking is the rock which forms the
collapse ellipse.
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The standard of oilfield sewage treatment is
constantly improving in recent years, new treatment
technologies are emerging and oilfield sludge problems that occur though water quality is a key issue
that needs to be addressed. Existing treatment methods are not able to process the increase of oilfield
sludge. This study proposes a novel profile control
technology with a new gel particle to fill the oilfield
sludge. This new gel particle, compared with traditional particles, not only retains good deformability,
but also enhances strength, heat and salinity resistance. Its heat resistance can reach up to 110°C
and its salinity resistance up can reach 200000 mg/L,
its expansion rate is three to five times faster. The
new particle can process sludge with filling percentage as high as 50%. The properties of this new gel
particle provide oilfields with a new recyclable
sludge treatment technology and an economical deep
profile control system.



water cut, and this technology accounts for 70% of
market share in oilfield injection well deep control
services. Both lab and field tests proved the significance this technology has in respect to lowering water cut, stabilizing oil production and enhancing economic returns [8-11].
The study in this essay is grounded in the research of oilfield sludge characteristics, by improving and optimizing the synthesis formula (mainly
molecular structure design), the bentonite particle is
replaced by oil sludge-filled gel particle resulting in
sludge-filled particle with excellent properties; the
new sludge-filled particle, compared with original
particles, not only retains deformability but also enhances strength, heat and salinity resistance as well,
which turns the oil sludge waste into valuable material and provides oil fields with a green environmental profile control technology.

! ! 

'9+7/'18= Dehydrated and compressed semidry sludge from the Zhongyuan Oilfield, 40%
acrylamide aqueous solution, silica sol, initiator, and
methylene bisacrylamide.

6:/52+39 '3* '55'7'9:8= Double layer
glass reaction kettle, electronic balance, constant
temperature oven, RS-150 rheometer, corked hightemperature glass tube, etc.

=39.+8/8=Designated amount of 40% acrylamide aqueous solution, methylene bisacrylamide,
silica sol, and water are added into the reactor kettle
and stirred [12-14]. Then the sludge is added into the
mixture, which is stirred at high-speed until the
sludge is slurry, initiator is injected into the kettle
while it is kept stirring. Last, the kettle is stilled
which will generate the elastic chops. The chops are
cut into grains and screened to obtain gel particles.

<5'38/439/2+8'3*9.+72'189'(/1/9='3'1;
=8/8=Weigh 2 to 3 grams (accurate to 0.0001g) of the
sample and placed into high temperature glass tube,
the standard saline water is added into the tube and

&$ 
Oil sludge, gel particle, profile control agent, profile control oil displacement, field trial



!"!
In recent years, the progress of sewage treatment brings forth an ever-increasing amount of oil
sludge, even though it has met water quality requirements [1-3]. Oilfield sludge has special characteristics, such as hard degradation, unfixed composition,
high heavy oil content, unstable system, very-fine
solid particle, high water cut ratio and hard to dehydrate. The direct disposal or burial of oil sludge consumes large land mass, poisonous material contained
in oil sludge contaminates the water, soil and air, polluting and harming the environment. Therefore, oil
sludge is included into the National Dangerous
Waste Material Lists. The treatment and utilization
of oil sludge urgently need to be addressed for oilfields in China and other countries [4-7]. The gel particle deep profile control technology is widely applied in the field as an important measure to control
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sealed, and then placed into a thermotank [18-21].
Then, the tube is removed from the thermotank and
cooled to drain water. The tube is weighed to measure the expansion times and to observe the completeness of the gel particle. The expansion time is calculated with Formula 1.
(1)
=2/1
------the expansion times of the sample after
absorption
1----the net weight of the sample, gram
2the post-saturation weight of the sample, gram.

.+'7 7+8/89'3)+ 2+'8:7+2+39= Prepare 5‰
solution with the sludge-filled gel particle sample
and 1% of sodium chloride solution, the solution is
stilled for 72 hours until it is saturated, and then the
solution is sheared at high speed of 60 r/s for 30
minutes and observe the completeness of the gel particle [22-23].

Figure 2 shows the large effect monomer concentration has on synthesis time: the synthesis time
shortens as the monomer concentration increases,
while the expansion property slightly increases.
When the monomer concentration is lower than 15%,
no synthesis reaction is observed within 72 hours,
the optimal monomer concentration ranges between
15% to 50%.
OH
O

Si

O

O

(a)
O

Si

NH

OH

OH

C =O
CH

CH2

CH2

CH
C =O
NH

OH

1'89/) 24*:1:8 '3* =/+1*/3- 897+88 2+'8;
:7+2+398= Soak the sludge-filled gel particle in
standard saline water (160000mg/L, Ca2+4000mg/L,
Mg2+1000mg/L) for 24 hours then use theRS-150
rheometer to measure the elastic modulus under the
frequency of 0.316Hz and stress of 1.5 to 2.5 Pa, and
the yielding stress τ0 is determined by setting the rheometer in the logarithmic measurement mode.


 "! 

+8/-3/3- 9.+ 241+):1'7 897:)9:7+ 4, 9.+
81:*-+;,/11+* -+1 5'79/)1+= The polymer molecular
structure of the new gel particle is designed as follows to make the gel particle compatible with reservoir conditions.
Backbone structure is shown as follows:
(CH2-CH

Si

OH

OH

O

Si
OH

O

Si
OH

OH
O

Si

O

OH

(b)


"
!.+81:*-+;,/11/3-+1'79/)1+/'-7'2

)

Notes: (a)The sludge-silico sol monomer structural diagram (b) the systematic three-dimensional diagram showing the sludge-filling in pores

Branched chains and functional groups mainly
contain: -CONH2, -COOM, -OH, -RCH3, -NCL, CH2SO3M, etc.
Silica sol monomer is introduced to enhance
the high temperature stability of the synthesized
product in conformational structure; three functional
groups are introduced in the polymer alloy to realize
the cross-link disorder, which forms a three-dimensional network structure and increases the sludgefilling percentage (Figure 1).

!.++,,+)94,/3/9/'947)43)+397'9/43438=3;
9.+8/89/2+'3*574*:)95745+79==With the concentration of cross-linking agent at 3‰ of the monomer
mass and the oil sludge filling percentage at 50%, the
effects of initiator concentration on synthesis time
and product property under a total monomer concentration of 40% and the testing temperature of 30°C is
observed. The test results are shown in Figure 3.
Figure 3 shows synthesis time shortens along
with the increase of initiator concentration. When the
initiator concentration was lower than 2‰, no synthesis process was observed for four days. Meanwhile the change of initiator concentration did not
generate substantial impact on the expansion rate of
the synthesis product. Therefore, the optimal initiator concentration is more than 3‰.

!.++,,+)94,24342+7)43)+397'9/43438=3;
9.+8/89/2+'3*574*:)95745+79==The initiator and
cross-linking agent concentrations are fixed at 3‰
of the monomer mass, the sludge filling percentage
is set at 50% and testing temperature at 30°C. The
effects of monomer concentration on synthesis time
and product property are observed, which are shown
in Figure 2.
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monomer concentration of 40% and the testing temperature of 30°C is observed [24-26]. The test results
are shown in Figure 4.
Figure 4 shows the change of initiator concentration did not generate substantial impact on synthesis time, however, it had a major influence on the

!.++,,+)94,)7488;1/30/3-'-+39)43)+397';
9/43438=39.+8/89/2+'3*574*:)95745+79==With
the initiator concentration at 3‰ of the monomer
mass and the oil sludge filling percentage at 50%, the
effect of cross-linking agent concentration on synthesis time and product property under the total
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expansion property of the synthesis product. The absorption property declines along with the increase of
the cross-linking agent concentration; therefore, it is
very important to control the cross-linking degree of
the synthesis product and reduce the amount of
cross-linking agent to assure the insolubility of the
synthesis product.

/1 81:*-+ ,/11/3- 5+7)+39'-+ '3'1=8/8= The
maximum filling percentage of oil sludge is confirmed by in-room filling percentage tests to treat as
much oil sludge as possible. The monomer concentration is fixed at 40%, the concentration of initiator
and cross-linking agent are fixed at 3‰ of monomer
mass, the effect of different oil sludge filling percentages are observed, and results are listed in Table 2.
Table 2 shows the filling percentage of oil
sludge does not significantly affect the synthesis reaction, when the sludge-monomer mass ratio reaches
1.25:1, gel particle was seen in the in-room testing
condition [27-29]. But the big viscosity of the polymeric liquid hinders large scale industrial production,
therefore, it is better to set the sludge filling percentage at 50%.

!.++,,+)94,9+25+7'9:7+438=39.+8/89/2+
'3*574*:)95745+79==With the monomer concentration at 40%, the initiator concentration and the
cross-linking agent concentration at 3‰, the oil
sludge fill percentage at 50%, the effect of temperature on synthesis time and product property is observed, and the results are listed in Table 1.
Table 1 shows the synthesis reaction speeds up
along with the increase of temperature, the strength
of the synthesis product lessens as the molecular
weight of the product becomes smaller, implosion
occurs at 70°C. Therefore, it is better to control the
synthesis temperature at around 30°C.


!.+/3,1:+3)+4,8'1/3/9=439.+81:*-+;,/11+*
-+15'79/)1+=The influence of salinity on the sludgefilled gel particle is shown in Figure 5.


!
!.++,,+)94,8=39.+8/89+25+7'9:7+438=39.+8/89/2+'3*574*:)95745+79=
Temperature /
°C
20
30
40
50
60
70

Reaction Time/
h
0.25
0.30
0.15
0.06
0.40
0.02

Strength after
absorption
Strength decreases
gradually

Note
/
/
/
/
/
Implosion


!$
!.++,,+)94,4/181:*-+,/11/3-5+7)+39'-+8,742$+3;4/39 9'9/43
Serial Number
1
2
3
4
5
6

Sludge: monomer
1:4
1:2
3:4
1:1
1.25:1
1.5:1

Synthesis status
Reacted
Reacted
Reacted
Reacted
Reacted
Reacted

Note
/
/
/
/
Big viscosity of the polymeric liquid
Big viscosity of the polymeric liquid

Expansion rateg/g

6.0

4.0
Fresh water

2.0

12104mg/L
20104mg/L

0.0
0

2

4

6
8
10
12
14
Timeh
"0
!.+/3,1:+3)+4,8'1/3/9=439.++<5'38/435745+79=4,9.+81:*-+;,/11+*-+15'79/)1+

610

  %   

$"



  !




!)
/-.;9+25+7'9:7+89'(/1/9='3'1=8/84,9.+81:*-+;,/11+*-+15'79/)1+
Time/d

1#
Complete (soft)
Complete (soft)
Complete (soft)
Complete (hard)

15
30
90
120

2#
Complete (soft)
Complete (soft)
Complete (soft)
Complete (hard)

Number of samples
3#
Complete (soft)
Complete (soft)
Complete (soft)
Complete (hard)

Bentonite-filled gel particle
Complete (soft)
Softened
/
/


34

Daily oil productiont

31

y = 23.101e0.0003x

28
25

22
y = 30.481e-6E-04x
19
Y2012 M5-12

16

Y2013 M5-12
13

Y2014 M1-9

10
0

60
120 180
12-05-01

240
300 360
12-12-31

42013-05-01
480 540

60013-12-31
660 720

780
840 900
14-01-01

960
1020 1080
14-09-30

"3
!.+)425'7/8434,574*:)9/43*+)1/3+):7;+4;+79.+8'2+5+7/4*4,$+3;>$+8914)0
Notes: The ratio of monomer and sludge is 1: 1, the reaction temperature is 110°C.


yielding stress of the new sludge-filled particle are
much higher than those of other gel particle samples,
indicating that the new gel particle has high viscoelasticity, stress and tensile failure force properties after absorbing water [37-38].

The results show that the expansion of the
sludge-filled gel particle went through a sharp decline when soaked in saline water, with minor differences in various salinities.

/-.;9+25+7'9:7+89'(/1/9='3'1=8/8=Table 3
shows the high temperature stability comparison of
sludge-filled gel particle and bentonite-filled gel particle under 110°C and 200000mg/L condition [3032]. The result indicates the sludge-filled gel particle
remains stable and maintains particle wholeness under high temperature and high salinity, the sludgefilled gel particle becomes less dissolvable after
soaking for 120 days in the solution.

425'7/843 4, 8.+'7 7+8/89'3)+ '3* +1'89/)
24*:1:8=The sludge-filled gel particle is dissolved
to 5‰ with 1% saline water, the solution is stilled for
72 hours until the particles are saturated and which
are then sheared for 30 minutes under a rotation
speed of 60r/s in room temperature [33-36]. The particles remain mostly intact, which indicate that the
new gel particle has good shear resistance property.
Test the elastic modulus of the sludge-filled gel
particle, it is soaked in the injection water of Wen-1
Joint Station for 24 hours and placed in the RS-150
rheometer, it is set on oscillatory shear mode with the
frequency(f) at 0.316Hz and stress(τ) within the
range of 1.5 to 2.5Pa. which is. The rheometer is set
on the logarithmic measurement mode to evaluate
the yielding stress (τ0), the results are listed in
Table 4.
Table 4 shows that the elastic modulus and

!.
425'7/8434,+1'89/)24*:1:8'3*=/+1*/3-
897+885745+79/+84,*/,,+7+39-+15'79/)1+8
Sample
Sludge-filled Gel Particle
Common Gel Particle
Bentonite Gel Particle

Elastic
Modulus/Pa
3800
2800
1600

Yielding
Stress/Pa
2500
900
1800


3;8/9:97/'1=The sludge-filled gel particle profile control technology has been introduced to 19 reservoirs of different types in the Zhongyuan Oilfield
since December of 2014. It has been employed in
over 25 wells/times and a total of 48 MMcf of the
new gel particle profile control agent was injected
into reservoirs in and treated 101 thousand tons of oil
sludge. The injection of the new gel particle profile
control agent brought forth an additional 7 million
barrels of water flooding reserves and 298 thousand
barrels of accumulative incremental oil.
This study takes the application of the new particle on Wen-10 West Block as an example to analyze its performance. Wen-10 West Block lies in the
west of the Wenzhong Reservoir Wen-10 Block in
the Zhongyuan Oilfield, the oil bearing area of the
Block is approximately 1.6 square kilometers with
geological reserves of approximately 33.9 million
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barrels, the calculated recovery rate is 44.83% and
the recoverable reserve is 15 million barrel. To improve the water flooding performance of the reservoir and to address significant differences between
sub layers, the new sludge-filled gel particle was employed in the deep profile control operation.
In consideration of water intake profile conditions and the communication between production
and injection wells and fluid level, the profile adjustment target wells were optimized and the profile adjustment operations were performed in eight well
groups with injection of sludge-filled gel particle and
over 48451 cubic meters into individual slugs. The
average injection pressure of the injectors increased
by 12 MPa, the ever-steep pressure decline curve became smooth, the periodical decline rate over the
same period decreased from 0.86% to -12.77%, and
the operated well groups had incremental oil of 1105
tons and saw an increase of 1.39% in recovery rate.

[3] Wang, Z., Guo, Q., Liu, X., Cao, C. (2007) Low
temperature pyrolysis characteristics of oil
sludge under various heating conditions. Energy
and Fuels. 21(2), 957-962.
[4] Shie, J., Lin, J., Chang, C., Lee, D., Wu, C.
(2003) Pyrolysis of oil sludge with additives of
sodium and potassium compounds. Resources
Conservation and Recycling. 39(1), 51-64.
[5] Cameotra, S., Singh, P. (2008) Bioremediation
of oil sludge using crude biosurfactants. International Biodeterioration and Biodegradation.
62(3), 274-280.
[6] Mater, L., Sperb, R., Madreira, L., Rosin, A.,
Correa, A., Radetski, C. (2006) Proposal of a sequential treatment methodology for the safe reuse of oil sludge-contaminated soil. Journal of
Hazardous Materials. 136(3), 967-971.
[7] Shi, J., Chang, C., Lin, J., Wu, C., Lee, D. (2000)
Resources recovery of oil sludge by pyrolysis:
Kinetics study. Journal of Chemical Technology
and Biotechnology. 75(6), 443-450.
[8] Gao, N., Quan, C., Liu, B., Li, Z., Wu, C., Li, A.
(2017) Continuous pyrolysis of sewage sludge
in a screw-feeding reactor: products characterization and ecological risk assessment of heavy
metals. Energy and Fuels. 31(5), 5063-5072.
[9] Qu, Y., Li, A., Wang, D., Zhang, L., Ji, G. (2019)
Kinetic study of the effect of in-situ mineral solids on pyrolysis process of oil sludge. Chemical
Engineering Journal. 374, 338-346.
[10]Ramirez, D., Collin, C. (2018) Maximisation of
oil recovery from an oil-water separator sludge:
Influence of type, concentration, and application
ratio of surfactants. Waste Management. 82,
100-110.
[11]Iberahim, N., Sethupathi, S., Bashir, M.J. (2017)
Optimization of palm oil mill sludge biochar
preparation for sulfur dioxide removal. Environmental Science and Pollution Research. 25(12),
1-13.
[12]Liu, R., Jiang, Y., Li, B. (2016) Effects of intersection and dead-end of fractures on nonlinear
flow and particle transport in rock fracture networks. Geosciences Journal. 20(3), 415-426.
[13]Cong, X., Cao, S., Chen, Z., Peng, S., Yang, S.
(2011) Impact of the installation scenario of porous fences on wind-blown particle emission in
open coal yards. Atmospheric Environment.
45(30), 5247-5253.
[14]Liu, B., Du, J., Qi, Y., Zhang, F., Yu, Y., Zhao,
H. (2015) A new coal particles cleanout technology in coalbed methane wells in China. Journal
of Petroleum Science and Engineering. 127,
445-451.
[15]Zhou, S., Li, S., Cao, X., Qian, Y., Li, L., Chen,
X. (2018) Combustion behavior and thermal stability of ethylene-vinyl acetate composites
based on CaCO3 -containing oil sludge and carbon black. Journal of Thermal Analysis and Calorimetry. 3, 1-11.

"  
(1) Compared with the original gel particle profile control agent, not only did was the deformability
of the new sludge-filled gel particle retained, its
strength, heat-resistance and salt-resistance were
also enhanced as well; the heat-resistance of the new
particle reached 110°C, salt-resistance reached
200000mg/L, the percentage of sludge filling was as
high as 50% of the total solid content of the particle.
(2) The application of the new sludge-filled gel
particle is feasible and offsets the disadvantages of
the single injection of sludge. This method significantly increased the coverage scope of current
sludge profile control technology and showed good
field results in incremental oil and profile conditions.
(3) This technology can turn the abandoned oil
sludge into valuable material and improves oil recovery efficiency, it also has great significance in environmental protection and energy resource reuse.
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Organophosphate pesticides, polychlorinated biphenyls,
fruit, vegetables, food contamination, risk assessment

&'%'

Urbanization and population are increasing significantly across the world resulting in increase in
vegetarian food demand and hence exposure to pesticides and pollutants. This study aimed at monitoring and assessing the levels of three groups of toxicants including organophosphate pesticides (OPPs),
other selective pesticides used in Saudi Arabia (SPs)
and polychlorinated biphenyl (PCBs). The study included 69 samples of 23 different species of fruit and
vegetables consumed in Asir region, Saudi Arabia.
After extraction, clean-up and pre-concentration, the
analytes were separated and quantified by ultra-performance liquid chromatography equipped with photodiode detector. The ranges of limits of detection
(LOD, µg/ml) were as follows: OPPs 0.008-0.147,
SAPs 0.006-0.619 and PCBs 0.002-0.007. Many
toxicants were found < LOD. For OPPs, butachlor,
metachlor and prometon were detected in few species. Simazine and atrazine were detected in the majority of samples (45-6000 µg/kg). For SPs,
abamectin was also detected in the majority of samples (12.18-441.0 µg/kg). Emamectin, profenofos
and cypermethrin were detected in few samples. For
PCBs, PCB 110, PCB 138 and PCB 180 were detected in few samples. The potential exposure to cancerous and non-cancerous diseases for adults and
children from consumption of fruit and vegetables
were estimated in terms of estimated daily intake
(EDI), hazard quotient (HQ), hazard index (HI) and
lifetime cancer risk (LCR). HQ and HI values of detected OPPs, SAPs and PCBs were < 1 indicating no
significant risk, with the exception of the cancer and
non-cancer HQ for adults and children from
emamectin in some samples, besides HI non-cancer
and cancer of SAPs for adults from some samples.
Additionally, atrazine, PCB 101, PCB 180, and PCB
153 recorded safe LCR levels (1×10-4 - 1×10-6), with
the exception of PCB 138 in arugula.



!'%"('"!

Organic chemicals have recorded harm effects
on the environment due to the properties of long
half-live, long-range transport, bio-accumulation
and toxicity besides their multipurpose usage in a
wide range of industrial, agricultural and urbanization activities [1]. Organic chemicals include a wide
range of persistent and non-persistent pollutants
(POPs). Organophosphate pesticides (OPPs), phenols, parabens and phthalates are among the main
groups of non-POPs while polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls
(PCBs), polychlorinated dibenzodioxins/ dibenzofurans PCDDs/Fs, polybrominated dibenzo--dioxins
(PBDDs), Polybrominated diphenyl ethers (PBDEs)
and hexachlorocyclohexane isomers (HCHs) are
among the main groups of POPs [2, 3].
Annually, there are dozens of million cases of
pesticides poisonous across the world [4]. The use of
pesticides in fruit and vegetables is an increasingly
controversial issue due to economic reasons along
with accelerated consumption rate. However, the
consumption of fruit and vegetables contaminated
with considerable amounts of pesticides causes longterm health hazards. Oxidative stress can be induced
by exposure to pesticides, which causes the generation of free radicals and alteration in antioxidant or
oxygen free radical scavenging enzymes [5]. Many
evidences demonstrated that pesticides are persistent
in adipose tissue and other organs including brain
cells, endocrine glands, nervous system and even
breast milk [6]. Consequently, various diseases, such
as behavioral, neurological, psychological and immune system dysfunctions [7] as well as hormonal
imbalances and adrenal gland exhaustion [8] can be
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caused by exposure to those chemicals for a long period of time. Furthermore, harms from consumption
of food containing pesticide residues can appear in
blood disorders, including non-Hodgkin’s lymphoma and leukemia and cancers, colorectal and
genotoxicity [7].
Among POPs, PCBs are a large group that is
widely used in industry for various applications.
Nevertheless, their physical and chemical stability in
addition to their lipophilic character make them serious environmental pollutants. This class tend to pile
up in soils, tissues and aquatic biota [9,10]. Most
PCBs, particularly those lacking adjacent unsubstituted positions on the biphenyl rings, are extremely
persistent in the environment. They are estimated to
have half-lives ranging from 3 weeks to 2 years in
air, with the exception of mono- and di-chlorobiphenyls, which make them essentially non-biodegradable in aerobic soils or sediments. As a result,
PCBs have the way to fruit and vegetables through
soil and water. Clinical examination reported serious
diseases from exposure to considerable amounts of
PCB residues including cardiovascular disarranges
[11], hypertension [12], diabetes [13], sex hormone
alteration [14], infectious respiratory diseases [15],
lack of alertness and increase in tiredness [16]. Particularly, in children, exposure to PCBs has more serious effects in term of respiratory diseases [17], attention deficit and hyperactivity disorder [18].
In spite of their extensive and wide use in agricultural and industrial activities, studies on monitoring and risk assessment of pesticides and organic
pollutants in food are very limited in Saudi Arabia.
In particular, studies on food contamination by organic pollutants in Asir region have not yet been reported. Notably, our research group reported different contamination levels by heavy metals in fruit and
vegetables consumed in Asir region [19] as well as
fish imported from Jazan fisheries and consumed in
Asir region [20, 21], in addition to soil [22] and dust

[23, 24] in the same area.
Based on the aforementioned discussion, it has
been proposed to monitor and assess the levels of
some pesticides and organic pollutants in fruit and
vegetables consumed in Asir region, Saudi Arabia.
Namely, the toxicants included three groups as follows: (a) OPPs (alachlor, simazine, atrazine, butachlor, metolachlor and prometon), (b) selective
pesticides used in Saudi Arabia (abamectin, glyphosate, emamectin benzoate, profenofos and cypermethrin) and (c) PCBs congeners (PCB 28, PCB 52,
PCB 101, PCB 118, PCB138, PCB 153 and PCB
180). The assessment was carried out according to
potential health risks (cancerous and non-cancerous
disease) for both adults and children based on intake
of consumption of food and vegetables containing
toxicant residues. In this concern, the estimated dietary intake (EDI), hazard quotient (HQ), hazard index (HI) and lifetime cancer hazard (LCR) were calculated and assessed.

'%&! '"&

&/;>:7<5 Samples of fruit and vegetables examined in this study were collected from Asir region,
which is located in the southwest of Saudi Arabia between latitudes 17.25 and 19.50 north, and longitudes 50.00 and 41.50 east (Figure 1). Asir region
has an area of 80,000 Km2 and a population of nearly
two millions.
The sampling was performed during summer
2018. A total of 69 fruit and vegetable samples, including 23 species, were collected from different
shops in Asir region. Selection of fruit and vegetables species was based on their commercial importance and high consumption. Table 1 shows the
common names, scientific names and consumed
parts of fruit and vegetable samples.
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'631=;;=<</;3AB63A173<B7471</;3A/<2B633E/;7<32>/@BA=4B63A/;>:3A
=;;=<</;3
Mint
Dill
Arugula
Lettuce
Coriander
Parsley
Zucchini
Eggplant
Habag
Carrots
Cucumber
Mulukhiyah
Tomato
Onion
Ginger
Mushroom
Mango
Apricot
Peach
Pomegranate
Banana
Orange
Apple

&173<B7471</;3

  
  
   
   
 
  
  
 
   
  
 
  
 
   
  
  
  
 
   


 

E/;7<32>/@B
Leaves
Leaves
Leaves
Leaves
Leaves
Leaves
Fruit
Fruit
Leaves
Roots
Fruit
Leaves
Fruit
Leaves
Roots
Fruit
Fruit
Fruit
Fruit
Fruit
Fruit
Fruit
Fruit



&/;>:3 B@3/B;3<B For pretreatment, undesired parts of samples were removed. The desired
parts were washed by distilled deionized water.
Then, the parts were thoroughly shredded and homogenized. Samples were thereafter kept in polyethylene bags and stored in a refrigerator at 5 °C until
analysis.
For sample treatment, extraction and clean-up
processes were performed following well-established procedures [26-28]. 10 g of wet weight samples were placed in a glass bottle. 10 g of anhydrous
sodium sulfate were added to the sample. The mixture was first manually homogenized and transferred
to a blender. The mixture was then well-homogenized by the blender with high speed. The analytes
were extracted by 100 ml of the mixture of hexane:
dichloromethane (1:1, v/v) for 2 hours in a sonicator
bath. The extracted volume (about 100 ml) was decanted into a vacuum filtration using Whatman® filter paper. The extract was concentrated with a rotary
evaporator to about 5 ml at 35 °C and allowed to
equilibrate for one day before use.
Florisil was activated by heating at 130 °C for
12 h followed by partial deactivation with 0.5 % water by weight. The florisil was then stored in a tightly
sealed glass jar with ground glass stopper. The extract was transferred to the top of a glass column (50
ml) packed with 1 g of anhydrous sodium sulfate and
5 g of florisil. The first extract (fraction-1), including
PCBs congeners, was eluted by 20 ml of hexane. The
second extract (fraction-2), including OPPs and
PSA, was eluted with 20 ml of a mixture of hexane:dichloromethane (7:3, v/v). Each fraction was
concentrated with a rotary evaporator to 1 ml at

35 °C. Then, the media, i.e. hexane or hexane:dichloromethane, of each fraction was replaced by 5
ml of acetonitrile and concentrated in rotary evaporator up to 1 ml at 35 °C. The extract was filtered
using poly-tetra-fluoroethylene (PTFE) syringe filters and collected in UPLC vials. The extracts were
collected in vials, labeled and kept in a refrigerator
until UPLC analysis.

$C/:7BF 1=<B@=: =4 ;3/AC@3;3<BA Blank
samples were prepared in the same manner as the
fruit and vegetable samples procedure. Blank samples were prepared in four replicates. Spiking approach was applied to test the accuracy, in term of
recovery, of analytical results. Known volumes of
standard solutions were added to four samples
(mango, banana, tomato, parsley), which were
treated as fruit and vegetable samples. 

3B3@;7</B7=<=4 /</:FB71/: 475C@3A =4 ;3@
7BA Two mixed standard solutions (100 µg/ml) of
OPPs and PCBs obtained from Sigma-Aldrich and
five single standard solutions of SPs (100 µg/ml) obtained from Ministry of Agriculture, Riyadh, Saudi
Arabia, were used for system calibration. The first
mix standard solution of OPPs included alachlor, simazine, atrazine, butachlor, metachlor and
prometon. The second mix stranded solution of
PCBs included PCB 28, PCB 52, PCB 101, PCB
118, PCB138, PCB 153 and PCB 180. The five individual solutions were abamectin, glyphosate,
emamectin benzoate, profenofos and cypermethrin.
Other chemicals and reagents were also obtained
from Sigma-Aldrich.
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Calibration curves were created by preparing a
set of standard solutions with known concentrations
of the analytes. The peak area was measured for each
analyte and plotted versus concentration of the
standard solution. The limits of detection (LOD) and
limit of quantification (LOQ) for all analytes were
estimated from the chromatograms. 

&3>/@/B7=< /<2 ?C/<B7471/B7=< The separation and quantification of analytes were carried out
using ultra-performance liquid chromatography
(UPLC) equipped with photodiode detector (PDA).
The UPLC-PDA system was from Waters Co. and
the model was ACQUITY. The spectral analysis was
carried out from 190 to 500 nm. The operating conditions of the UPLC system were as follows: separation column ACQUITY UPLC BEH C18, 130Å, 1.7
µm, 2.1×50 mm; guard column ACQUITY UPLC
BEH C18 Van guard pre-column, 130Å, 1.7 µm,
2.1×5 mm; flow rate 0.5 ml/min; injection volume
sample 10 µl. The mobile phase was made up of water (solvent A) and acetonitrile (solvent B). The gradient used was 95-100% mobile phase A at 0-13 min,
100-95% mobile phase A at 13-13.01 min, 95% mobile phase A at 13-15 min. The OPPs and SAPs were
quantified at 220 nm while the PCBs were quantified
at 254 nm.

than one toxicant.

(2)
  = 

(3)
    
LCR was calculated using equation 4; where
OSF is the oral slope factor in 1/(mg/kg.day). OSF
(Table 2) is defined as the upper bound cancer estimate of cancer-causing potency. LCR is introduced
as the increased probability of developing cancer
over the lifetime because of exposure to the cancercausing agent.
     
(4)


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

</:FB71/: 475C@3A =4 ;3@7BA Table 3 shows
the ranges of tR, RSD% of tR of triplicate measurements, correlation coefficient (R) of calibration
equation (CE), the slope of CE, LODs and LOQs of
the three examined groups, i.e. OPPs, SPs and PCBs.
It was found that the analysis times of the three examined groups were, to far extent, comparable.
However, the first analyte in the SPs was eluted in
8.43 min while those of OPPs and PCBs were eluted
in ≈ 4.5 min. The repeatability of tR of the three
groups were all acceptable as the highest RSD value
was 8.44%. Among all examined analytes, the lowest R value of the CEs was 0.9900 indicating acceptable linearity. Interestingly, among all examined
analytes, the highest sensitivity was observed for
abamectine while the lowest sensitivity was observed for glyphosate since the frontal recorded the
highest slope and the latter recorded the lowest
slope. This result could be attributed to the high variation in the chemical structures of SPs; unlike the
analogues of the two other examined groups, i.e.
OPPs and PCBs. Similar to sensitivity trend, the
ranges of LODs and LOQs of SPs were wider than
those of OPPs and PCBs. The recovery values obtained from spiking were in the range of 76.8491.78% suggesting acceptable accuracy for a wide
range of organic compounds with different behaviors.

3/:B6 @7A9 /AA3AA;3<B The potential exposure of adults and children through dietary intake and
related health danger for cancer and non-cancer risks
were estimated. The calculations and assessment
were carried out according to guidelines proposed by
the Environmental Protection Agency, United
States, (USEPA) [29-31].
EDI (mg/kg.day) of a toxicant via fruit and vegetable consumption for adult and children was estimated using equation 1; where CP is the concentration of a toxicant in fruit or vegetable sample
(mg/kg), IR is the fruit and vegetable intake rate (196
g/day, adopted from the World Health Organization
[32], EF is the exposure frequency (350 day/year),
ED is the exposure duration (30 and 70 years for
non-cancer and cancer risk, respectively), CF is the
unit conversion factor (10-6), BW is the body weight
(36 and 73 kg for children and adult, respectively),
and AT is the averaging time (EF × ED, i.e. 10500
and 25500 days for non-cancer and cancer risk, respectively).

EDI =
(1)

HQ and HI were applied to assess the probability of cancerous and non-cancerous risks from dietary toxicant exposure. HQ and HI were estimated
using equations 2 and 3, respectively. HQ is defined
as the ratio of exposure levels (communicated as estimated daily intakes) to the reference dose (RfD
(1/(mg/kg.day)). RfD (Table 2) is considered to be a
safe level of exposure over the lifetime. HI was calculated for evaluation of generally potential for cancerous and non-cancerous effect presented by more

3D3:A =4 =@5/<=>6=A>6/B3 >3AB71723A The
mean of the residue levels of the examined OPPs in
each species, in triplicate, of fruit and vegetable samples are shown in Table 4. A wide range of levels
from < LOD to 6000 µg/kg was observed in the examined samples. Alachlor was not detected in all
fruit and vegetable samples. Simazine was detected
in some fruit and vegetable samples having levels in
the range of 507-6000 µg/kg. Atrazine was detected
in all samples (45-501 µg/kg), with the exception of
zucchini. Butachlor and metachlor were detected
only in orange and zucchini samples with the levels
of 258 and 269 µg/kg, respectively. Prometon was
detected in apple, lettuce, dill and onion samples
with the levels of 33.34, 757.4, 418.9, and 668.4
µg/kg, respectively. Notably, all quantifiable OPPs
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have considerable levels. As a result, it could suggest
that fruit and vegetables did not record dateable levels of OPPs and hence were not exposed to those pesticides during farming. In general, the levels of OPPs
obtained in the current study were found comparable
with a previous study on vegetables consumed in
Burkina Faso [44] and another study on the same
type of samples consumed in Huizhou, South China
[45]. In contrast, lower levels of OOPs were reported

in other areas in Kuwait [46] and Suriname [47] than
those in the area under study.

3D3:A =4 A3:31B32 >3AB71723A The examined
selective pesticides used in Saudi Arabia in fruit and
vegetable samples ranged from < LOD to 638 µg/kg
as shown in Table 5. The highest level was detected
for cypermethrin in tomato. Abamectine, emamectin
and profenofos were also detected in tomato. This

' 
%4/<2"&D/:C3A=4A=;3>3AB71723A
</:FB3
Simazine
Atrazine
Metachlor
Prometon
Abamectin
Emamectin
Profenofos
Cypermethrin
PCB 101
PCB 153
PCB 138
PCB 180
a
not reported


%4
5.0×10-3
3.5×10-2
1.5×10-1
1.5×10-2
5.0×10-3
2.5×10-4
0.1
1.0×10-2
1.0
1.0
1.0
1.0

%343@3<13
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[41]
[41]
[41]

%343@3<13
[42]
[43]
[43]
[43]
[43]

"&
NRa
0.22
NR
NR
NR
NR
NR
NR
7.7
7.7
7.7
7.7

' 
=;>/@7A=<=4A=;3/</:FB71/:475C@3A=4/::3E/;7<321=;>=C<2A
@=C>
tR (min)
RSD% of tR
R
Slope of CE
LOD (μg/mL)
LOQ (μg/mL)
Recovery (%)

&#A
8.43–11.66
0.09–2.92
0.9895–0.9998
1864–76567
0.006–0.619
0.019–2.063
78.45–91.00

"##A
4.95–10.53
0.34–8.44
0.9900–0.9989
37671–75725
0.008–0.147
0.027–0.490
76.84–91.76

#A
4.22–12.94
0.07–0.22
0.9955–0.9993
31038–142841
0.002–0.007
0.006–0.022
81.16–91.78

' 
3/<< =4@3A72C/::3D3:AH595=4"##A7<4@C7B/<2D353B/0:3A1=<AC;327<A7@@357=<&/C27@/07/
&/;>:3
Apple
Banana
Carrot
Peach
Mint
Coriander
Lettuce
Mulukhiyah
Orange
Ginger
Habq
Mushroom
Zucchini
Cucumber
Tomato
Eggplant
Dill
Onion
Parsley
Arugula
Pomegranate
Mango
Apricot

:/16:=@
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD

&7;/G7<3
567.76
6000.00
703.15
< LOD
783.69
546.29
517.28
508.00
< LOD
517.87
513.13
511.65
583.96
< LOD
< LOD
506.96
511.03
590.06
605.81
605.81
< LOD
732.6
< LOD

B@/G7<3
484.08
441.00
485.22
483.57
441.02
462.11
44.53
484.15
484.55
500.70
444.04
441.55
< LOD
443.17
441.61
461.89
443.36
460.39
483.61
483.61
442.58
443.04
488.50
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CB/16:=@
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
258.10
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD

3B/16:=@
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
269.46
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD

#@=;3B=<
33.34
< LOD
< LOD
< LOD
< LOD
< LOD
757.40
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
418.90
668.40
< LOD
< LOD
< LOD
< LOD
< LOD
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 #  



    


'
3/<< =4@3A72C/::3D3:AH595=4A3:31B7D3>3AB71723A7<4@C7B/<2D353B/0:3A1=<AC;327<
A7@@357=<&/C27@/07/
Sample
Banana
Carrot
Peach
Mint
Coriander
Orange
Ginger
Habq
Mushroom
Zucchini
Cucumber
Tomato
Eggplant
Dill
Onion
Parsley
Arugula
Pomegranate
Mango
Apricot

Abamectine
441.00
177.39
73.65
111.05
169.83
123.52
15.72
246.7
79.34
91.6
181.93
204.38
72.01
12.18
76.06
170.50
222.97
210.03
73.01
124.09

Glyphosate
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD

Emamectin
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
299.64
< LOD
125.39
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD


means that this vegetable was exposed to four types
of pesticides. On the other hand, abamectine was detected in all samples. In contrast, glyphosate was <
LOD in all samples. Emamectin and cypermethrin
were detected in dill and tomato while profenofos
was detected in dill, onion, pomegranate and tomato.
Notably, fruit and vegetable samples were collected
from various areas in Asir region. The significant
variation in the levels of pesticides is possibly due to
different uses of pesticides and at different levels.
Among an investigation of pyrethroids group [44],
cypermethrin recorded comparable levels with those
in the current study. Additionally, glyphosate in the
current study recorded higher levels than that recorded in date fruit from Riyadh, Saudi Arabia [48].

3D3:A=4>=:F16:=@7</B3207>63<F:ATable 6
shows that the mean levels of PCBs in all fruit and
vegetable samples were in the range of < LOD–399
µg/kg. The PCB 28, PCB 52 and PCB 118 were not
detected in all fruit and vegetable samples. The PCB
101 was determined only in banana, peach, orange
and arugula samples with the levels (µg/kg) of 0.052,
3.84 and 16.96 µg/kg, respectively. PCB 153 was detected in mint, coriander, lettuce and mulukhiyah
samples with the levels (µg/kg) of 7.79, 9.08, 5.05
and 1.75, respectively. PCB 138 was detected only
in the mint, hapq and arugula with the levels (µg/kg)
of 5.23, 6.89, and 96.35, respectively. PCB 180 was
detected in apple, mint, lettuce and mulukhiyah with
the levels (µg/kg) of 0.004, 6.43, 9.27 and 7.13, respectively. Shen et al. [45] reported comparable levels with those in the current study, while Toms et al.
[49] reported lower levels than those in the current
study.

Profenofos
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
164.88
638.43
< LOD
80.70
712.5
< LOD
< LOD
165.35
< LOD
< LOD

Cypermethrin
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
257.91
< LOD
114.69
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD

3/:B6@7A9/AA3AA;3<B4@=;"##A3E>=AC@3
The ranges values of cancer and non-cancer EDI and
HQ for simazine, atrazine, metachlor and prometon
for adults and children from the intake of fruit and
vegetables are compiled in Table 7. The table also
shows the ranges values of cancer and non-cancer HI
from the total levels of the detected OPPs. Furthermore, as shown in Table 2, LCR was calculated for
atrazine only because no data of OSF was reported
for other OPPs. For example, the maximum non-cancer EDI values of simazine, atrazine, metachlor and
prometon from the consumption of the examined
fruit and vegetables for adults were 1.68E-02, 1.34E03, 7.54E-04 and 2.12E-03, respectively, while the
maximum cancer EDI values of the same toxicants
were 1.61E-02, 1.34E-03, 7.23E-04 and 2.03E-03,
respectively. It is noteworthy mentioning that HQ <
1 shows no danger of cancer and non-cancer effects,
while HQ >1 shows a probability of adverse cancer
and non-cancer effects [50]. In the current study, HQ
values, which were calculated for individual toxicants, and HI values, which were calculated for the
total toxicants, for adults and children were all < 1
[50]. This result suggests that no probability for
pathogenesis of cancerous and non-cancerous diseases for adults and children from the consumption
of fruit and vegetables including OPPs in their current levels. Furthermore, LCR is considered acceptable in the range of 1×10-4-1×10-6 [50]. In the present
study (Tables 7), the ranges of LCR for atrazine residues of adults and children were 2.74E-05-3.08E-04
and 5.33E-05-6.00E-04, respectively, which also depict no probability of risk through the consumption
of these polluted vegetables.
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3/:B6 @7A9 /AA3AA;3<B 4@=; &#A 3E>=AC@3
Table 8 shows the ranges of cancer and non-cancer
EDI and HQ values for the levels of abamectin,
emamectin, profenofos and cypermethrin for adult
and children from the intake of fruit and vegetables.
The ranges of cancer and non-cancer HI values for
the total levels of the detected SPs are also shown in
Table 8. For children, for instance, the maximum
cancer EDI values of abamectin, emamectin,
profenofos and cypermethrin were 2.30E-03, 1.68E04, 8.62E-02 and 1.346E-02, respectively, while the
maximum non-cancer EDI of those toxicants, at the
same order, were 2.40E-03, 1.63E-02, 8.99E-02 and
1.404E-02, respectively. The cancer and non-caner
HQ values for abamectin, profenofos and cypermethrin for both adults and children were < 1 in all fruit

and vegetables, which indicate no probability of
health risk. In contrast, the maximum values of cancer and non-caner HQ of emamectin for both adult
and children were > 1. These results were observed
in tomato and dill, which indicate health risks.
Hence, the consumption of those vegetables put
adults and children in Asir region at risk in terms of
cancerous and non-cancerous diseases, which are
demonstrated in the “Introduction” section. As an inevitable outcome, the maximum values of cancer and
non-caner HI values for adult and children were > 1.
Nevertheless, the minimum values of cancer and
non-caner HI values for adults and children did not
reach unity. This means that the consumption of
some fruit and vegetables, in terms of SPs, was safe.


'
3/<< =4@3A72C/::3D3:AH595=4#A7<4@C7B/<2D353B/0:3A1=<AC;327<A7@@357=<
&/C27@/07/
&/;>:3
Apple
Banana
Carrot
Peach
Mint
Coriander
Lettuce
Mulukhiyah
Orange
Ginger
Habq
Mushroom
Zucchini
Cucumber
Tomato
Eggplant
Dill
Onion
Parsley
Arugula
Pomegranate
Mango
Apricot



# 
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD

# 
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD

#

< LOD
0.05
< LOD
3.84
< LOD
< LOD
< LOD
< LOD
16.96
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
399.80
< LOD
< LOD
< LOD

# 
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD

#  
< LOD
< LOD
< LOD
< LOD
7.79
9.08
5.05
1.75
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD

# 
< LOD
< LOD
< LOD
< LOD
5.23
< LOD
< LOD
< LOD
< LOD
< LOD
6.89
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
96.35
< LOD
< LOD
< LOD

#  
0.004
< LOD
< LOD
< LOD
6.43
< LOD
9.27
7.13
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD

'
AA$AA/<2%A=4"##A7<4@C7B/<2D353B/0:3A1=<AC;327<A7@@357=<&/C27@/07/
</:FB3

1/<13@

Simazine
Atrazine
Metachlor
Prometon

1.42E-03-1.68E-02
1.25E-04-1.40E-03
7.54E-04
9.34E-05-2.12E-03

Simazine
Atrazine
Metachlor
Prometon

2.76E-03-3.27E-02
2.42E-04-2.73E-03
1.47E-03
1.82E-04-4.12E-03
HIcancer for adult
3.40E-06-5.97E-03
LCRcancer for adult
2.63E-05-2.96E-04

Total
Atrazine

<=<1/<13@

$1/<13@
2C:B
1.36E-03-1.61E-02
2.84E-07-3.36E-06
1.20E-04-1.34E-03
3.56E-07-4.01E-06
7.23E-04
5.03E-05
8.95E-05-2.03E-03
7.82E-06-6.22E-03
67:2@3<
2.65E-03-3.13E-02
5.52E-07-6.53E-06
2.32E-04-2.61E-03
6.93E-07-7.79E-06
1.41E-03
9.78E-05
1.74E-04-3.95E-03
1.52E-05-1.21E-02
HInon-cancer for adult
HIcancer for children
3.54E-06-6.23E-03
6.59E-06-1.16E-02
LCRnon-cancer for adult
LCRcancer for children
2.74E-05-3.08E-04
5.11E-05-5.75E-04

621

$<=<1/<13@
2.72E-07-3.22E-06
3.42E-07-3.84E-06
4.82E-05
7.50E-06-5.97E-03
5.29E-07-6.26E-06
6.64E-07-7.47E-06
9.38E-05
1.46E-05-1.16E-02
HInon-cancer for children
6.87E-06-1.21E-02
LCRnon-cancer for children
5.33E-05-6.00E-04
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A$A/<2%=4&#A7<4@C7B/<2D353B/0:3A1=<AC;327<A7@@357=<&/C27@/07/
1/<13@

</:FB3
Abamectin
Emamectin
Profenofos
Cypermethrin

Abamectin
Emamectin
Profenofos
Cypermethrin
Total

3.27E-05-1.18E-03
8.05E-03-3.37E-04
2.17E-04-4.43E-02
6.92E-03-3.08E-04
6.36E-05-2.30E-03
1.68E-04-7.03E-06
4.21E-04-8.62E-02
1.35E-02-5.99E-04
HIcancer for adult
8.44E-03-3.23E+01

<=<1/<13@

$1/<13@
2C:B
3.41E-05-1.23E-03
6.54E-03-2.37E-01
8.40E-03-3.51E-04
3.22E+01-1.35E+00
2.26E-04-4.62E-02
2.17E-03-4.43E-01
7.22E-03-3.21E-04
6.92E-05-3.08E-06
67:2@3<
6.63E-05-2.40E-03
1.27E-02-4.60E-01
1.63E-02-6.83E-04
6.26E+01-2.62E+00
4.39E-04-8.99E-02
4.21E-03-8.62E-01
1.40E-02-6.24E-04
1.35E-04-5.99E-06
HInon-cancer for adult
HIcancer for children
8.80E-03-3.37E+01
1.64E-02-6.29E+01

$<=<1/<13@
6.82E-03-2.47E-01
3.36E+01-1.40E+00
2.26E-03-4.62E-01
7.22E-05-3.21E-06
6.82E-03-4.80E-01
6.53E+01-2.73E+00
4.39E-03-8.99E-01
1.40E-04-6.24E-06
HInon-cancer for children
1.71E-02-6.56E+01


'
A$A/<2%=4#A7<4@C7B/<2D353B/0:3A1=<AC;327<A7@@357=<&/C27@/07/
</:FB3
PCB 101
PCB153
PCB138
PCB180
PCB101
PCB153
PCB138
PCB180
Total
Total

1/<13@
2C:B
1.40E-07-4.55E-05
4.70E-06-2.44E-05
1.40E-05-2.59E-04
4.60E-09-2.49E-05
Children
2.71E-07-8.85E-05
9.14E-06-4.74E-05
2.73E-05-5.03E-04
2.09E-08-4.84E-05
HIcancer for adult
4.60E-09-2.59E-04
LCRcancer for adult
3.54E-08-1.99E-03

<=<1/<13@

$1/<13@

$<=<1/<13@

1.46E-07-4.75E-05
4.90E-06-2.54E-05
1.46E-05-2.70E-04
1.12E-08-2.60E-05

1.40E-07-4.55E-05
4.70E-06-2.44E-05
1.40E-05-2.59E-04
4.60E-09-2.49E-05

1.46E-07-4.75E-05
4.90E-06-2.54E-05
1.46E-05-2.70E-04
1.12E-08-2.60E-05

2.83E-07-9.23E-05
9.53E-06-4.94E-05
2.85E-05-5.25E-04
2.18E-08-5.05E-05
HInon-cancer for adult
1.12E-08-2.70E-04
LCRnon-cancer for adult
8.62E-08-2.08E-03

2.71E-07-8.85E-05
9.14E-06-4.74E-05
2.73E-05-5.03E-04
2.09E-08-4.84E-05
HIcancer for children
2.09E-08-5.03E-04
LCRcancer for children
1.61E-07-3.87E-03

2.83E-07-9.23E-05
9.53E-06-4.94E-05
2.85E-05-5.25E-04
2.18E-08-5.05E-05
HInon-cancer for children
2.18E-08-5.25E-04
LCRnon-cancer for children
1.68E-07-4.04E-03
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Table 9 demonstrates the individual range values of
cancer and non-cancer EDI and HQ of the detected
PCBs for adults and children, in addition to the
ranges of HI and LCR values of total PCBs. For example, the highest non-cancer EDI values of PCB
101, PCB 153, PCB 138 and PCB 180 for adults
were 4.75E-05, 2.54E-05, 2.70E-04 and 2.60E-05,
respectively, while the highest cancer EDI values for
adults were 4.55E-05, 2.44E-05, 2.59E-04 and
2.49E-05, respectively. Interestingly, the HQ values
of individual PCBs and HI values of the total PCBs
for cancer and non-cancer risks for both adults and
children were within the safe range, i.e. < 1. Moreover, the ranges of LCR of PCBs for adults and children were within the acceptable level; i.e. 10-4 – 10-6
[50], with the exception of PCB 138 in arugula.
These results suggest that there were no probability
risks of cancerous or non-cancerous diseases from
the consumption of fruit and vegetables including
residues of PCBs.

This communication presents the first study on
the levels of some pesticides and pollutants in fruit
and vegetables consumed in Asir region, Saudi Arabia. The study also demonstrates health risk assessment for adults and children from the examined toxicants in fruit and vegetables. The results showed
that there were a considerable number of toxicants in
fruit and vegetable samples were < LOD.
The cancer and non-cancer HQ and HI risk values of OPPs and PCBs for adults and children were
less than the unity suggesting safe levels of the quantified OPPs in fruit and vegetable samples. In contrast, the cancer and non-cancer HQ and HI values of
SPs suggest safe levels of the quantified in all samples, with the exception of both cancer and non-cancer HQ values of emamectin for the consumption of
tomato and dill by both adults and children. In addition, the cancer and non-cancer HI values of SAPs
were > 1 in tomato, dill and pomegranate indicating
possible health risks. On the other hand, the LCR
ranges for atrazine and PCB 101, PCB 180 and PCB
153 residues for adult and children were within the
acceptable levels, i.e. 1×10−4-1×10−6, with the exception of PCB 138 in arugula.
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As this is the first study reported the levels of
some pesticides and organic pollutants in fruits and
vegetables in Asir region, Saudi Arabia, and risky
levels were detected, it is recommended to widen the
number of samples and surveying more pesticides
and pollutants such as PAHs, PCDD/Fs, PBDDs,
PBDEs and HCHs in the region.
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solve the multiple taxa with the same scientific
name [4, 5, 6, 7]. Griffin and Goodwin [8], reported
the parasites as     through phylogenetic
study of the 18S rDNA with the explanation of
monophyletic origin of   and  
. Nevertheless, Yokoyama and Ogawa [1], identified and validated the     as a  
species with the presences of the second small polar
capsule. The present study discusses the evidences
of host specificity, geographical distribution, molecular and morphological study in support of the
presence of the small stunted polar capsule of 
  .


     

8;928581B +7. 8;9286/=;B Collection
of common carp,   was done from
local cultured farms of Lucknow (Uttar Pradesh,
India). Screening of total 104 outwardly healthy
fish was done for detection of Myxozoans. Squash
preparations of all the internal organs and gills were
made and examined through a Nikon E600 microscope with 100X objective (plus immersion oil).
Numerous myxozoan cysts were observed in the
gills (Figure 1). Spores in fresh wet mount were
treated with 10-12 % KOH solution for extrusion of
polar filaments. Morphometric measurements of
fresh spores (n=80) was done with the help of software NIS-E-Br.

 


     is a gills parasite infecting
  in China, Japan and USA. It has
been already known for the controversy for its position between   &  . Recently, it was confirmed as   spp. after extrusion of the polar capsule, which is an essential attribute for    identification. The current
article reports the presence of the   
   in India, through trans-boundary movement
of fishes. The present article deals with the host
specific tendency and evidence of the dispersion
with the help of molecular analysis of the 18S gene,
resemblance to other isolates from North America
& Japan. In addition, the study also confirms the
presence of the second polar capsule through morphological details and extrusion of two polar filaments
which
supports
the
species
as
  spp.
)  

, Geographical,     ,
India

    
  is a well-known freshwater
fish for its taste and extensive availability worldwide.      is a myxozoan parasite
infecting the gills of   [1]. The parasite has been recorded from Japan, Europe, Asia
and North America but has not been reported from
the common carp in India. Generally, there no specific approach for combating and restricting the
invasive species of myxozoans are available, as
they become problematic for the fishes. Additionally, the parasite was in argument with its ambiguous
classification as      [2, 3]. Numerous species of myxozoans has been poorly described which created ambiguity to host and geographic distributions. Several workers have suggested that the additional molecular data can re-
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initial tree. Codon positions included were
1st+2nd+3rd+noncoding for both the method (MP
and ME), respectively.

85/->5+; 7+5B<3< DNA was isolated from
spore’s samples (i.e. cysts collected from the gills
of infected fish) through DNeasy Blood & Tissue
Kit (Qiagen) according to the manufacturer's protocol. DNA concentration was measured through
Nano-drop 2000 spectrophotometer (Thermo Scientific, USA). The 18SSU rDNA gene was amplified
using polymerase chain reaction (PCR) in Eppendorf epgradientS Master Cycler (Eppendorf Inc.,
USA). Specific primer set MYXF-MYXR,
Iwanowicz et al. [9] was synthesized by SigmaAldrich. Amplification of the PCR product was
commenced with following condition, denaturation
at 95oC for 5 min, followed by 35 cycles of 95oC
for 20 sec; 58oC for 40 seconds; 72oC for 40 sec
and final extension at 72oC for 10 min and rested at
4oC prior to sequencing. Amplicons were excised
from the agarose gel electrophoresis. Purified PCR
product was sequenced through the ABI BigDye
Terminator Cycle Sequencing Ready Reaction Kit
v3.1, using the ABI3730xl Genetic Analyzer (Applied Biosystems, Inc.). Homology search was performed using BLAST NCBI database on Genebank
[10] for determination of the sequence.

  

BA8,85>< =8B+6+3 Total 104 numbers of
  were screened. Out of which 2
fishes were infected with the spore. Thus, prevalence of the infection was 1.92%. Minute white
cysts were observed in the gills (Figure 1). The
cysts measured 0.11-0.18 mm. Number of cysts in
each fish gill filament was about 5-10. Initially,
microscopic study of cysts revealed that parasite
belongs to genus   having single polar
capsuleat the anterior of the spore body and a tiny
mass [8].
Subsequently, spores on higher magnification
were showed, the parasite was   species
as the extrusion of the polar filament from the
smaller capsules was observed (Figure 2 a, b, c).
Spores were drop-shaped with rounded posterior
baseand tapering towards anterior side, ending into
a beak like pointed anterior end, slightly curved at
one side of the shell valve (Figure 3), measuring
14.01-16.41(15.21±0.52) μm long and 5.02-7.84
(6.06±0.52) μm wide in frontal view. Ratio of the
spore (Length of the Spore/Width of the Spore) was
2.51 (Figure 4). Additionally, the spore was 7.08
μm thick in sutural view. Polar capsules were unequal as pyriform shape measuring the larger polar
capsule 4.98-7.60 (5.94±0.57)μm long and 2.283.79 (2.90±0.36) μm wide. While smaller polar
capsule seems like a tear shaped black structure
attached with the anterior tip of the spore measuring
2.43-3.59 (2.83±0.27) μm long and0.53-1.04
(0.88±0.13)μm wide. Length of extruded larger
polar filament was 26.05-106.27 (65.03±20.26) μm.
Both polar capsules were connected with a fine
sutural line at the tip of the spore (Figure 3). Sporoplasm consists of homogenous granules with 2-3
small sporoplasmic nuclei (Figure 2).

!2B581/7B ;3=/;3+ Evolutionary analyses
were conducted in MEGA6 [11]. The evolutionary
history was inferred by using three tree building
methods, Maximum Likelihood method based on
the Tamura-Nei model [12], Minimum Evolution
method [13] and Maximum Parsimony method. The
bootstrap consensus tree inferred from 2000 replicates is taken to represent the evolutionary history
of the taxa analysed and the percentage of replicate
trees in which the associated taxa clustered together
in the bootstrap test (2000 replicates) is shown next
to the branches [14] for all three methods. Branches
corresponding to partitions reproduced in less than
50% bootstrap replicates are collapsed. All positions containing gaps and missing data were eliminated. The analysis involved 12 nucleotide sequences and there were a total of 653 positions in
the final dataset. Initial tree for the heuristic search
for Maximum Likelihood method were obtained by
applying the Neighbor-Joining method to a matrix
of pairwise distances estimated using the Maximum
Composite Likelihood (MCL) approach (Figure 5).
Whereas, the Maximum Parsimony (MP) tree was
obtained using the Subtree-Pruning-Regrafting
(SPR) algorithm (Nei and Kumar, 2000) with
search level 1 in which the initial trees were obtained by the random addition of sequences (10
replicates) (Figure 6). While the evolutionary distances were computed using the Kimura 2parameter method [15] and are in the units of the
number of base substitutions per site (Figure 7).
Furthermore, the Minimum Evolutionary (ME) tree
was searched using the Close-Neighbor-Interchange
(CNI) algorithm [16] at a search level of 1 with the
neighbor-joining algorithm [17] to generate the

85/->5+; +7+5B<3< +7. 92B581/7B To authenticate the morphological results phylogenetic
studies were performed. For the confirmation of the
identity, resultant 702 bp partial sequence was deposited to GenBank and accession no. MG800830
was obtained. The consensus sequence of 702 bp
was BLAST and showed 99% nucleotide identity
with      (LC010116, LC010115),
     (HQ338729),  
   (FJ710802) and 98% nucleotide identity to
  (AY364637),     

(KX58668),
 

(KX810022). The resultant tree showed that present
     from   makes
the sister clade with other    . Evolutionary
relationships displayed that all    species
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 species (Figure 5-7). The out group 
  was attached with the sister branch of genus   namely      
 .

were clustered within the clade while other were
nested as sister clade. The topology of all 3 phylogenetic trees inferred were    is closely
related and clusters in sister taxa to other  
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+A36>634/53288.=;//80=2/  ;3,8<86+5</:>/7-/80 0;86
3125312=/.37,8A@3=2</5/-=/.6BA8<98;/+7<
Numbers at the nodes indicated bootstrap confidence values (2000 replication). GenBank accession numbers are mentioned
for each representative species.





+A36>6!+;<3687B=;//80=2/  ;3,8<86+5</:>/7-/80 0;86
3125312=/.37,8A@3=2</5/-=/.6BA8<98;/+7<
Numbers at the nodes indicated bootstrap confidence values (2000 replication). GenBank accession numbers are mentioned
for each representative species.





3736>6?85>=387+;B=;//80=2/  ;3,8<86+5</:>/7-/80 0;86
3125312=/.37,8A@3=2</5/-=/.6BA8<98;/+7<
Numbers at the nodes indicated bootstrap confidence values (2000 replication). GenBank accession numbers are mentioned
for each representative species.
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found in India. The smaller population having no
genetic alteration results contraction in population
size but existence of     in aquatic ecosystem proves balancing selection. However, the present scenario of     have slight difference
in spore dimension (sizes) which demonstrates that
where a species can and cannot maintain population
according to their relation to current geographic
distributions and environmental factors. Furthermore, the availability of the spores in different geographical locations shows there dispersal capabilities possibility of (the invasion), and robustness of
invading species but host specificity is still complex
process. Conversely, this type of myxozoan can be
allogenic (transit between two types of ecosystems
during their life system) in nature having a definitive host. Dispersal of the myxozoan spore is related with a number of conditions through movement
of single or multiple hosts [18]. Hoffman [19], reported that rainbow trout from North America was
infected with the spread of infected brown trout
from Germany. Additionally, El-Matbouli et al.
[20], proposed dispersal of spore through vagile
predators as a significant element and ultimate extent of geographical dissemination.It is accepted
that the abundance and distribution of the fish
through anthropogenic movement offers spread of
myxozoan parasites from one locality to other [21,
22, 23].

/81;+923-+5 .3<</637+=387 80 989>5+=387
The present     has demonstrated the
transmission of infection and host specificity
worldwide (Figure 8). The occurrence of  
   from Asia to Europe with a surprising constancy in the gene flow and genetic uniformity
shows remarkable ability to sustain with the specific host and adaptable to all environmental conditions.
Presumably, the dissemination pathway of the
parasite is from China (Chongqing) to Japan (Wakayama Prefecture & Saku); USA (North Carolina)
and India (Lucknow) (Fig. 4). This confirms the
adaptive trait of the population survival in the ecological niches. However, the estimation of genetic
variation with the number of segregating sites and
the average number of nucleotide differences was
analysed with Tajima’s neutrality test of nucleotide
displaying the positive D-value 0.453496. The positive D value signifies the low levels of both high
and low frequency of polymorphisms, indicating
balancing selection.

   

Current studies reveal the presence of 
    from   in India for the
first time     is already reported from Japan, China and North America but at present is



/81;+923-+5.3<=;3,>=38780 0;86@3=203;<=.+=/;/98;=/.

637

"!

 #   



    


Furthermore, the present article also supports
the species belongs to the genus  , having
a large and short (stunted) polar capsule with two
extruded filament, evidently. Various discrepancies
can arise from unaccompanied morphological studies [4, 5, 6], but occasionally lack of the observation can lead to misapprehension. However, 
    misidentified as   
   by Griffin & Goodwin [8]. Further the species was screened and identified as   spp
with the help of detailed description by Yokoyama
and Ogaw, [1]. Although, the current     is
slightly bigger than previous     morphometrically but the tissue and host specificity was
correlated with the previous descriptions. Apparently, the differences in spore size dimension can be a
probability of change in the climate and environment or it can be a morphotype of the same species.
Although, shape and size plasticity is widely reported in myxozoans [24], while Qingxiang et.al.
[25] recommended existence of morphotypes and
intraspecific morphometric variation among myxozoan population. In addition, host specificity with a
definitive host is a allogenic nature of myxozoan
while they are autogenic i.e. spending their whole
life in one type of ecosystem (typically aquatic) was
described by Cone et al. [26] for the infracommunity structure of myxozoan in     .
Whereas, the genetic study supported previous isolates with the homology to the previous sequences
indicating subtle alterations. These genetic differences might be attributable to environmental effects
[1]. While, Jones et. al. [27] reported that pathogens
from cultured fish spilled-over to wild populations
to produced genetic exchanges causing genetic variations. However, processes of parasite dispersion
in natural habitat are random in pattern and complex process. Nevertheless, it’s concluded that presence of     in India is emergence of an exotic species and it has capability to sustain in different condition so it might be trans-boundary
movement of fishes.
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the most important problem in the future. For that
reason developed and developing countries are taking a set of precautions. As the foremost of these precautions come to increase the yield per unit and prevention of the losses resulting from biotic/abiotic
factors. In plant production, annual losses rate is
%36,5 on average [1]. According to a report prepared by Food and Agriculture Organization of the
United Nations, 1/3 of food production is stated to
get lost after the harvest [2]. Contamination with
pathogen can occur during storage, marketing and
after the purchase of the consumer as it is during and
after the harvest as well [3]. Most of the fungus causing an post harvest disease are among the Ascomycotina and Deuteromycotina ($"($#, $" ",
 %, # "%#, $"%, %#"%,
$$"% and  ##) [4].
$"($#  " Fr. (telemorph: $"($ 
%  (de Bary) Whetzel) and $" " $"
$ (Fr.) Keissl. among these pathogens cause a significant loss in fruits and vegetables post harvest.
Additionally, according to a recent research  
" is stated to rank second on the list of 10 most
important fungal plant pathogen in the world [5]. To
reduce the lost of these 2 common and destructive
fungus should be provided suitable conditions during pre and post harvest for the storage.
The producer can provide an effective protection by using external and internal protective synthetic fungicides relatively pre and post harvest.
However the widespread use of chemicals in agriculture has been a subject of public concern and scrutiny due to their potential harmful effects on the environment, their undesirable effects on non-target organisms, development of resistant races of pathogens and possible carcinogenicity of some chemicals
[6, 7].
It becomes more and more difficult to clean
world in future. For these reasons, the researchers focused environmentally safe, long lasting and effective biological control methods against the chemical
control [8, 9]. In biological control antagonist and
hyperparasitic bacterial and fungal microorganisms
or their metabolites are use [10]. The species of
"" are used intensively and effectively in
biological controls [11, 12, 13]. Among the bacterial

There are many fungal diseases observed in pre
and post harvest in plants. $"($#  " and 
$" " $" $ are belong to these fungal diseases. For a long time fungicides are used to prevent
these fungal diseases. Because fungicides have some
negative effects on human and environmental health,
cause resistance and give rise to the problem of residues in agricultural products, the use of environment-friendly biological preparations has gained importance. In this study; The effect of 3 different isolates (ET 4, ET 14 ve NT 1) of "" ")
 %, and 9 different isolates of %# 
$"% (TV 3D), %# #%#$# (TV 6F, TV 17C,
CP 1),  %# (' (TV 12E), %# 
"%# (TV 85D), #% # %"# # (AR 9),
 $ " # (RK 79) and #% #
%"# # Biotip F (MF 3) were tested against 3
different isolates (ET 59, ET 62 ve ET 63) of  
" and 1 isolate of  $" $ (ET 61) by dual
culture method in  &$" conditions. According to
the results of the study; the most effective fungal isolate was ET 4 against   " (85.73%) and  
$" $ (70.47%) The percentage inhibition rate of
 ") % isolates against   " is determined to be higher compared with  $" $ in 
&$" conditions. The antagonistic effect of bioagent
bacteria has been shown at different levels, too. The
most effective bacterial isolates were TV 6F
(95.24%) for ET 59, TV 85D for ET 61 (64.29%),
ET 62 (80.36%) and ET 63 (71.43%). It will be
planned to these quite promising bioagents bacteria
and fungi and their formulations tested on fruits in
storage conditions, too.

-+$&'
Biological control, Bioagent bacteria, $"($#  " 
$" " $" $, "" ") %.



#(&$)($#
While the world population is getting increase,
the agricultural land and other important natural resources is getting decrease. This will be the one of
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bioagents %# and #% # genera show
promising biocontrol characteristics [14].
In this study carried out; 3 different isolates (ET
4, ET 14 ve NT 1) of an important fungal bioagent
"" ") % and 9 different bacteria isolates (TV 3D, TV 6F, TV 12E, TV 17C, TV 85D,
AR 9, CP 1, RK 79, MF 3) efficiency to 3 different
isolates (ET 59, ET 62 ve ET 63) belonging to  
" and 1 isolate  $" $ (ET 61) species
which is isolated according to Koch postulates from
diseased plant materials are tested  &$" conditions.


"(&!'#"($'

".?2=6.8  Pathogen fungi isolates were obtained from diseased fruit materials(black mulberry,
orange and strawberry). Pathogen fungi were isolated and purified. Pathogenicity test and molecular
diagnosis were made and code given [ET 59 (black
mulberry), ET 61 (orange), ET 62 (orange), ET 63
(strawberry)]. These isolates were kept slant Potato
dextrose agar (PDA: Difco) medium for long term
storage at +4oC in Atatürk Univercity, Agriculture
Faculty, Plant Protection Department Plant Clinic
Laboratory.
Bioagent bacteria isolates (TV 3D, TV 6F, TV
12E, TV 17C, TV 85D, AR 9, CP 1, RK 79, MF 3)
and bioagent fungal isolates (ET4 and ET14) were
obtained from the culture collection in the Department of Plant Protection, Faculty of Agriculture at
Atatürk University, Erzurum, Turkey. Bioagent fun-

gal isolate, NT 1, was obtained soil in this study. Diagnosis and host information about these isolates are
given in Table 1.
Bioagent bacteria isolates had been identified
Microbial Identification System (MIS) [15] and
pathogen/bioagent fungi had been identified
18SrDNA gene sequencing [16]. Bioagent bacteria
isolates were grown on nutrient agar (NA) for routine use, and maintained in Luria Bertani (LB) Broth
with 30% glycerol at -80°C for long-term storage.
Fungal bioagents were maintained on PDA slant cultures at +4°C in the refrigerator until use.

"2?5;1 >;8.?6;:;3<.?5;42:.:1/6;.42:?
3@:46 The diseased fruits were brought to the laboratory from local market and washed with tap water.
These materials were subjected to surface sterilization with %70 ethanol for 3 minutes and were dried
for 3-5 minutes in laminar cabin. 1 cm pieces were
cut to contain both healthy and diseased tissue were
placed in petri plates containing PDA and left to incubation at 25-27°C. After 4 days, the fungus developed on PDA and was transferred to a new petri
dishes to obtain pure culture. These isolates were
then transferred to slant PDA and were maintained
at 4°C.
NT 1 bioagent fungal isolate was obtained from
the soil by dilution method. 1 g of soil was placed on
9 ml of sterile distile water and was shaken on hematological shaker for 2-3 hour. Consequently, was
prepared a serial dilution up to 10-8. 100 µL sample
was placed on PDA with streptomycin. 24 hours
later fungi developed on PDA medium and then this
fungus pure culture were obtained. This fungus was
maintained at +4°C.




@:46
ET 59
ET 62
ET 63
ET 61
ET 4
ET 14
NT 1
.0?2=6.
TV 3D
TV 12E
AR 9
RK 79
MF 3
TV 6F
TV 17C
TV 85D
CP 1

(! 
%.?5;42: /6;.42:?3@:46.:1/6;.42:?/.0?2=6.6>;8.?2>6:?56>>?@1D 
12:?6360.?6;:&2>@8?>
>;8.?213=;9
%.?5;42:606?D
$"($#  "
Black mulberry

$"($#  "
Orange
+
$"($#  "
Strawberry
+
$" " $" $
Orange
+
"" ") %
Horse chestnut

"" ") %
Yellow pine

"" ") %
Soil

12:?6360.?6;:&2>@8?>
>;8.?213=;9
%.?5;42:606?D
%# $"%
Rye

 %# (('
Wheat

#% # %"# #
Soil

 $ " #
Apple

#% # %"# #
Soil

%# #%#$#
Wheat

%# #%#$#
Raspberry

%# "%#
Sugar beet

%# #%$#
  #% #


Positive reaction,  Negative reaction
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[23]
[19]
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(52<.?5;42:606?D;33@:46 ET 59, ET 61, ET
62 and ET 63 fungi were tested for pathogenicity on
the parts of the plant tissue from which the pathogen
fungus were isolated black mulberry, orange and
strawberry. The fruit materials were washed with tap
water, then surface sterilization with %70 ethanol for
3 minutes and were dried for 3-5 minutes in laminar
cabin. A 6 mm mycelial disc of these fungi, which
was previously developed in PDA medium for 5-7
days at 25-27oC, was applied to the fruit by wounding and the wound surface is wrapped with parafilm
and placed in plastic boxes (7L) where sterile moist
whatman paper is placed on the base, the growth of
the fungi was monitored for 7 days in a 12 hour light
/ 12 hour dark environment at room temperature. The
same procedure was applied to the control application, but blank PDA disc was placed in the wound
parts of the plant. Each application was carried out
in randomized plot design with 3 replications. At the
end of 7 days, deterioration and mycelial development of fruit surface were evaluated as positive and
Koch postulates were completed by re-isolation
from these regions.

12:?6360.?6;:;3?52<.?5;42:.:1/6;.42:?
3@:46 The genomic DNA of each pathogen and bioagent fungi isolates were extracted using the
method described by Möller $ ., (1992) to make
molecular identification of pathogen and bioagent
fungi isolates. ITS region was used and universal
primers ITS1 (5′-TCCGTAGGTGAACCTGCGG3′) and ITS4 (5′-TCCTCCGCTTATTGATATGC3′0) used for the Polymerase Chain Reaction (PCR)
(White $ ., 1990). After PCR samples were sent
to the Refgen Co., Ltd., Turkey for sequencing and
all sequences submitted to GenBank.

Agar (WA) media. Its development was followed for
5-7 days on these medium at 25-27°C.

6;.>>.D Petri dishes (90 mm) containing 20
ml PDA were used in bioassay, bioagent bacteria
isolates were grown on Nutrient agar (NA) at 2527°C for 24 h, pathogen and bioagent fungi isolates
were grown on PDA at 27°C for 3-5 days for  &$"
dual culture method. Bioagent bacteria were applyed
around PDA petri plate with sterile swap and the
discs measuring 6 mm obtained from pathogen fungal isolates were placed in the middle of the petri
dishes. Petri dishes were wrapped with parafilm and
allowed to incubate at 27°C. As control, only mycelial disks of pathogen fungi were placed in the middle of petri dishes and they were incubated at 2527°C in incubator untill pathogen fungi isolates myclium cover the surface of PDA completely. Each
application was carried out in randomized plot design with 3 replications. Finally, pathogen fungi
growth was determined by measuring the diameter
of colony radial growth in mm. The percentage inhibition of pathogen fungi by bioagent bacterial isolates were calculated by using the formula [26].
:56/6?6;:F(G
F
 the diameter of the pathogen colony of control
group
( the diameter of pathogen colony after treatments
 the diameter of pathogen disk.
Three isolates of  ") % were tested for
 &$" antagonistic activity against the pathogens
by using the dual culture method on PDA petri plate.
The pathogen and bioagent fungi were placed in the
petri dish as in Fig. 1. As the controls, only pathogen
fungus and bioagent fungus isolates were placed in
petri dishes. Each application was carried out in randomized plot design with 3 replications. The mycelium of the bioagent fungi isolates cover the PDA
surface completely incubated at 25±3°C.
The hyperparasitic effect of bioagent fungi isolates were determined against pathogen fungi were
expressed as percentage interference rate (%) was
calculated according to formula [27]. The percentage

2A28;<92:? ;3 /6;.42:? 3@:46 6: 16332=2:?
9216. Among the bioagent fungi ET 4 and ET 14
were made in previous study [17] and NT 1 was
made in this study. The 6 mm mycelial disks taken
from the tips of the cultures of NT 1 isolate of 
") % which was developed in PDA were
placed on petri dishes (90 mm) containing 20 ml
Malt Extract Agar (MEA), Nutrient Agar (NA),
PDA, Sabourd Dextrose Agar (SDA) and Water
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interference of the radial development were calculated.

&')!('
Isolation result from diseased fruits four fungi
were obtained. Pathogenicity tests of pathogen isolates (ET 59, ET 61, ET 62 and ET 63) isolated from
different fruits were carried out, and the results were
determined to be positive (Fig. 2).
The identification of pathogen and bioagent
fungi isolates were made according to 18rDNA sequence analysis ET 59, ET 62 and ET 63 were determined $"($#  ", ET 61 $" " $" $
and NT 1 "" ") %. Molecular diagnostic results of the pathogen and bioagent fungi
were given in Table 2.
The growth and spore formation of NT 1, in different culture media were shown in Fig. 3. When the
daily growth of NT 1 was examined, the fastest
growth was observed in SDA medium, followed in
order by MEA, PDA, NA, and WA.
9 bacterial isolates were determined according
to fatty acid methyl esters in previous study (Table
1). Of the bacterial isolates applicated in this study:
4 of bacterial isolates were  #%$# (TV 6F, TV
17C, CP 1),  ((' (TV 12E),  $"%
(TV 3D),  %"# # (AR 9),  "%# (TV 85D),
 %"# # (MF 3) and  $ " #
(RK 79).

%&& &  & C 
&  The semi-diameter of the pathogen in the control petri
&  The semi-diameter of the pathogen mycelium
in the dual culture petri
%& > 75%: Very 60%<%&≤75%: High
high
50%<%& ≤60%: %&≤50%: Low
Medium
-: Ineffective

  056?6:.>2 2:ED92 <8.?2 .>>.D>  Bioagent fungi chitinase enzyme activities were investigated by petri plate assays according to Abd-Aziz
[28] and the colloidal chitin was prepared as described by Örtücü [29]. Among the bioagent fungi
ET 4 and ET 14 was made [17], NT 1 was made in
this study.

'?.?6>?60.8.:.8D>2> The obtained values were
analyzed by using JMP 5.0.1 statistical software and
the differences between the means were compared at
the significance level of p <0.01 according to the LS
Means Student test.
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";820@8.=612:?6360.?6;:;3<.?5;42:.:1/6;42:?3@:466>;8.?2> 
";820@8.=612:?6360.?6;:
002>>6;:#@9/2=
&232=2:02
$"($#  "
2153969
In this study
$" " $" $
2153880
In this study
$"($#  "
2153898
In this study
$"($#  "
2153903
In this study
"" ") %
MF038806
In this study
"" ") %
KT897696
[17]
"" ") %
LN864822
[17]
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%2=02:?.42:56/6?6;:&.?2>
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( 
( 
(
(*
 
59.52 C
74.40 C
66.67 B
(*
64.29 C
 
 
 
TV 17C
62.5 CD
61.9 B
78.57 B
60.11 C
CP 1
68.45 B
62.5 B
65.48 D
60.71 C
MF 3
71.43 B
43.45 E
59.52 E
54.76 D
RK 79
64.29 C
62.5 B
41.67 F
11.9 E
TV 3D
59.52 DE
47.62 D
26.19 G
11.9 E
AR 9
56.55 E
47.62 D
23.81 H
11.9 E
TV 12E
47.62 F
42.86 E
11.9 I
11.9 E
Control
0G
0F
0J
0F
CV
0.03
0.01
0.01
0.02
LSD
3.01
0.9
1.05
1.19
* In the same column by the same letter are not significantly different to the test of LS Means Differences Student’s (p<0.01)
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$" $ was highest in ET 4 (85.73%, 70.47%), followed by ET 14 (80.96%, 61.91%) and NT 1
(78.00%, 60.95%), respectively (Table 4).
All  ") % isolates showed very high effect agains   " ET 59, ET 62 and ET 63 isolates (87.23%, 85.65% and 84.31% for ET 4;
83.08%, 83.33% and 76.47% for ET 14; 83.08%,
75.93% and 75.00% for NT 1, respectively) and 
$" $ ET 61 isolate (70.47% for ET 4; 61.91%
for ET 14 and 60.95% for NT1, respectively)
(Table 4).
&$" test results of pathogen and bioagent
fungi were presented in Fig. 5.
&$", chitin test results of NT 1 isolate was
presented in Fig. 6. It was qualitatively determined
that ET 4 isolate produced the highest amount of chitin, followed by NT 1 and ET 14 isolates in decreasing order of chitin production [17].

It was observed that bioagent bacteria isolates
examined in the present study had antifungal effects
at different levels (Table 3). According to the results
of antifungal analysis percentage inhibition rate of
bacterial isolates ranged from 47.62 to %95.24 for
ET 59, % 43.45 to 64.29 for ET 61, %11.9 to 80.36
for ET 62 and %11.9 to 71.43 for ET 63. TV 85D
bioagent bacteria isolate the highest effect on ET 61,
ET 62 and ET63 at different levels. TV 6F bioagent
bacteria isolate the highest effect on ET 59. TV 12E
had the lowest antifungal activity among the other
bioagent bacteria isolates (Table 4). All of bioagent
bacteria isolates were different group from control
application (p˂0.01%). The antifungal activities of
the most effective bacterial isolates were given on
Fig. 4.
It was observed that  ") % isolates examined in the present study had hyperparasitic effects at different levels. According to the average results, hyperparasitic effect against   " and 
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ET 59
87.23
++++

ET 62
85.65
++++
ET 63
84.31
++++
A2=.42
 


ET 61
70.47
+++
A2=.42
 

%& Percentage interference rate (%), ! Hyperparasitic level
%.?5;
42:>

(
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%&
!
83.08
++++
83.33
++++
76.47
++++
 

61.91
+++
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83.08
++++
75.93
++++
75.00
+++
 

60.95
+++
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( 

(
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(left: only pathogen; middle: pathogen and bioagent isolate; right: only bioagent isolate).

long-term problems associated with their use have
led producers to search for biological alternatives.
Recent studies show that products of microbial
origin don’t have the disadvantages that arise from
the use of chemicals [30].
Several postharvest diseases can now be controlled by microbial antagonists [31]. Among the microbial products that are obtained from microorganisms or their products. Use of the microbial antagonists like yeasts, fungi, and bacteria is promising, important and gaining popular. The most common biocontrol agents are %# and #% # genera
in bacteria and "" genera in fungi [32, 14].
Researchers are note that although the mechanism(s)
by which microbial antagonists suppress the postharvest diseases is still unknown. Biocontrol agents use
various mechanisms (competition for nutrients and
space, production of antibiotics, direct parasitism,
and induced resistance) for suppress the activity of
postharvest pathogens in fruits and vegetables [31].
Different levels of protection were observed
between strains belonging to biocontrol agents. This
is probably due to the fact that several different

#( 

)&
56?6:?2>?=2>@8? 


')''$#
Fungal pathogens cause many damages to agricultural products in terms of both quality and quantity. Producers use chemicals for minimize these
problems as best control method. However, many
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mechanisms can be used to combat the pathogen.
The alteration of the plant cell wall causing more
protection against pathogens has been found to occur
with both  #%$# and #% # "% #
In addition, many biocontrol products originating
from %# and #% # are commercially
produced against fungal diseases [33-37].
There are many study about biological control
against   " [38] and  $" $ [17, 39, 40]
by bacteria.  #%$# TV-6F isolate used in this
study was the most effective isolate against "
$  #"$"% [37]. Similar results were obtained with this study.
Recent studies have shown that more than 1100
isolates belonging to 75 "" species identified with molecular analysis had mycoparasitic potential against   " [41]. Necrotrophic pathogens like   " usually require exogen nutrients
before penetration in order to germinate and reproduce on plant surface [42], and they enter the host
through wounds that are rich in nutrients, aging tissues, and natural openings where sugar and amino
acids are exudated. As a result of the competition between "" species and   " for nutrients, the reduced amount of nutrients causes reduced
germination and slower growth of the pathogen’s
germination tube. Recent studies have demonstrated
that the competition between the bioagent "
" species and   " resulted in a reduced
rate of necrosis caused by the pathogen [43, 44].
In addition to this mechanism, several researchers noted that enzymes produced by bioagents, such
as chitinase and glucanase, contributed to the elimination of pathogens by destructing fungal cell wall
which is composed of substances including polysaccharides, chitin, and β-glucan [45] Tokimoto (1982)
[46] and Chet (1987) [47] suggested that chitinaseproducing fungi could be used as bioagents against
plant pathogens, and they reported that biological
control activity was directly proportional to chitinase
production. In the present study, we also determined
that "" isolates that were found effectively produced chitin.
There are many study about biological control
of   " [48, 49] and  $" $ [50, 51, 52]
by  ") %.  ") % is used in the biological control of   " [48, 49] and  $" $
[50, 52].
In conclusion, it is seen that the results of the
present study are in agreement with the previous related studies. 3 isolates of T. ") % 2 isolates of
 #%#$# and  "%# obtained from different
sources were found to be effective against the isolates of   "ea and  $" $ in &$" conditions. ") % isolates were found to produce
chitin in the culture medium, qualitatively. It is
thought that the inhibition of the pathogens growth
may be attributed to mycoparasitism and chitin production. It is probable that this effect observed in

vitro conditions may be showed changes in field conditions with different temperature and humidity
levels.
Field studies including these fungal and bacteria bioagent isolateseffective against these important
diseases will be important in future. However, more
work needs to be done to clarify the mechanisms between effective and ineffective isolates. Moreover,
formulation tests are required for the wider application of these new sources.
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3D crack hydraulic fracturing is a hot and difficult problem, which is also a classical problem in
mining science and technology. In order to study
the crack propagation law of 3D crack under different internal water pressure and bi-axial stress, the
meaning of hydraulic fracturing crack growth factor
 is defined, and the crack propagation process
under different  values is analyzed numerically.
The propagation length of the crack characteristic
point and the stress intensity factor of the crack
front are calculated, and the results are compared
with the existing experimental results. The results
show that the numerical simulation of the crack
propagation under bi-axial pressure is carried out to
match the experimental results. The higher the
fracturing crack growth factor  is, the more the
crack growth pattern changes from the airfoil
wrapped crack growth to the self-similar crack
propagation. The higher the crack growth factor ,
the larger the crack growth rate at the end of long
axis and short axis, and the smaller the rate of crack
growth at the end of long axis. Crack mode I and
mode III stress intensity factor reached the minimum at the end of the long axis of the crack and the
maximum at the end of the short axis, while the
stress intensity factor of mode II of the crack
reached the minimum at the end of the short axis of
the crack, the stress intensity factor reached the
minimum at the end of the crack. The larger the
crack growth factor , the greater the absolute
value of the three stress intensity factors. The research results provide a reference for the understanding of crack propagation law of 3D deep buried crack under hydraulic fracturing and the development of the mining science.



As the inherent properties of rock mass, cracks
and joints are widely concerned by the fields of
water conservancy, geotechnical and petroleum
exploration. For deep buried underground projects,
rock mass is often in a complex stress state [1-5].
Cracked rock mass is often prone to failure. In view
of the crack initiation and propagation of compressed rock mass, many scholars at home and
abroad have discussed it accordingly. Griffith [6]
first put forward the classical theory of modern
fracture based on glass. L.Obert and Hoek.E [7-8]
studied the crack propagation law under biaxial
condition experimentally. Yu [9] carried out the
laboratory tests of Brazilian disk with central penetration crack, and the crack propagation and evolution of prefabricated cracks at different angles under axial compression were studied. However, the
above research is only for the penetrating crack
(two-dimensional case). In fact, the crack often
exists in the rock mass in three-dimensional form,
and the morphology and law of three-dimensional
crack propagation are quite different from those of
the two-dimensional crack. Simplifying threedimensional cracks to two-dimensional cracks for
theoretical analysis and numerical simulation will
lose a lot of three-dimensional information [10-15].
Therefore, the research on crack initiation and
propagation of three-dimensional cracks under
complex loads has always been a hot research topic
in academic circles.
Hydraulic fracturing is a new technology developed in recent years [16-18]. It is widely used in
water conservancy and hydropower projects, oil
and gas industries, geothermal resources development, nuclear waste storage and geostress measurement [19-20]. Based on the above applications,
many scholars have discussed hydraulic fracturing
to a certain extent: For example, M. A. Kayupov et
al. [21] carried out water injection failure test on
cube specimens with holes. Xu et al. [22] studied
the crack propagation law of wedged compact tensile specimen under different water injection pressures. However, none of the above studies have got
rid of the two-dimensional category, and there is
still a lack of an objective understanding of the

%# 
Hydraulic fracturing, 3D crack, brittle rock, numerical
simulation, mining sciences
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crack propagation law of three-dimensional deep
cracks under the combined action of confining
pressure and water pressure.
Based on the theory of influence factor of hydraulic fracturing crack propagation proposed in
reference [1], the influence of maximum and minimum principal stress and different water pressure
on the propagation of three-dimensional deep crack
is considered by using three-dimensional crack
analysis software Franc3d, and the crack propagation process and the variation of stress intensity
factor at crack front under different confining pressure and different internal water pressure are simulated in this paper. It provides a certain reference
for the understanding of crack propagation characteristics of cracked rock mass.

&:-070'-4'70*)4)16-&/6)15-/)564&-1'4-;
6)4-21= The crack initiation direction is calculated
by Franc3d software based on the maximum circumferential tensile strain theory. For the crack tip,
the stress component can be expressed in polar
coordinates as follows:
⎧
θ
θ⎤
1 ⎡
+ K
K
Ι 3 - cosθcos
ΙΙ 3cosθ - 1sin
⎪σ r =
⎢
2
2 ⎥⎦
2 2πr ⎣
⎪
θ
1
⎪
σθ =
cos [K
- 3K ΙΙ sinθ ]
⎨
Ι 1 + cosθ
2
2 2πr
⎪
θ
1
⎪
]
τ rθ =
cos [K Ι sinθ + K
ΙΙ 3cosθ - 1
⎪⎩
2
2 2πr

(14)
For linear elastic materials, the stress and
strain satisfy Hook's law:

1
⎧
⎪ ε r = E [σ r - μσ θ ]
⎪⎪
1
⎨ε θ = [σ θ - μσ r ]
E
⎪
2 1 + μ
⎪γ rθ = 
τ rθ
⎪⎩
E

  

-16)+4&/= For the stress intensity factors of
mode I, mode II and mode III, the J integral can be
expressed as the stress intensity factor KI, KII, KIII.
1 -ν 2 2 1 -ν 2 2 1 +ν
(1)
J=
K Ι+
K ΙΙ +
K 2 ΙΙΙ
E
E
E
Where E is elastic modulus and v is Poisson's
ratio.
At the same time, the linear elastic state of
stress and strain can be expressed as follows:

σ ij = σ1ij + σ2ij

(2)

ε ij = ε1ij + ε2ij

(3)

1
i

ui = u

2
i

+u

1
i

Ki = K

The maximum circumferential tensile strain
criterion holds that the crack tip propagates along
the place where the circumferential tensile strain is
the largest, and the crack begins to propagate when
the circumferential tensile strain reaches the maximum.

4&'. -1-6-&6-21 (-4)'6-21= The crack initiation direction under the maximum circumferential
tensile strain criterion satisfies the following relationship:

(4)

∂ε θ
∂ 2ε
= 0 2θ ≤ 0
∂θ
∂θ

2
i

+K

(5)
Replace formula (5) with entry (1) to obtain:
(6)
J = J (1) + J2+ M1, 2
Where J(1)J(2) and M(1,2) can be expressed as:
1 -ν 2 1 2 1 -ν 2 1 2 1 +ν
(7)
J1 =
K  +
K  +
K1 2
Ι

ΙΙ

K Ι sin

θ⎡
2 ⎢⎣

θ⎤
θ⎡
θ
⎤
2μ - 
3 1 + μcos 2 ⎥ + K ΙΙ cos ⎢
9 1 + μ ) sin 2 − 3 − μ ⎥ = 0
2⎦
2⎣
2
⎦

(17)
According to formula (17), the crack propagation direction under the maximum circumferential
tensile strain criterion can be calculated.

&/'7/&6-21 02()/ &1( '&/'7/&6-21 3&4&0);
6)45=The calculation model is shown in Figure 1 (a),
and the model mesh is shown in Figure 1 (b). The
specimen size is the standard cube specimen size,
the length × width × height is 50mm× 50mm
×100mm, the crack size is 2a=20mm, 2b=15mm,
the elastic modulus of the material is E=16Gpa,
Poisson ratio v = 0.21, density ρ = 2.3 g/cm3.
The boundary conditions are as follows: the
displacement in three directions is constrained at
the bottom, the stress boundary at the top is 7 MPa,
the stress boundary on the side is 3 MPa, and the
water pressure boundary is applied on the inner
surface of the crack.

(8)

⎡1 -ν 2 1 2 1 -ν 2 1 2 1 +ν 1 2 ⎤
M1, 2 = 2 ⎢
K ΙK Ι +
K ΙΙ K ΙΙ +
K ΙΙΙ K ΙΙΙ ⎥
E
E
⎣ E
⎦

(9)

E
K1Ι =
M (1, 2 a )

2 1 -ν 2
E
K1ΙΙ =
M (1, 2 b )

2 1 -ν 2
E
K1ΙΙΙ =
M (1, 2 c )

2 1 -ν 2

(16)

It can be concluded that:

ΙΙΙ

E
E
E
2
1 -ν 2 2 2 1 +ν
2 1 -ν
2 2
J =
K Ι +
K ΙΙ +
K2ΙΙΙ2
E
E
E

(15)

(10)
(11)
(12)

1
⎛
⎞ ∂q
∂u2i 2 ∂u i
+ σ ij
M1, 2 = ∫ ⎜⎜ σij1
- σij1ε2ijδ1 j - σij2ε1ijδ1 j ⎟⎟ dA
∂x
∂x
A⎝
⎠ ∂x

(13)
Therefore, three stress intensity factors at the
tip of a three-dimensional crack can be calculated
by using M integral.
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are 7Mpa and 3MPA, respectively. in this paper, the
D values are 0, 1, 5, 10, 50, respectively.

)*-1-6-21 2* -1*/7)1'-1+ *&'6245 2* '4&'.
423&+&6-21 -1 ,;(4&7/-' *4&'674-1+= In order to
consider the influence of maximum and minimum
principal stress and water pressure in crack plane,
according to the research results of reference [1],
the definition is as follows:

P - σ 1
D=
σ 1 - σ 3

! 

4&'. 423&+&6-21 342')55 71()4 (-**)4)16
924.-1+ '21(-6-215= The influence factors D of
hydraulic fracturing crack growth are 0, 1, 5, 10, 50,
respectively, as shown in Figure 2.

(18)

In the formula, D is the influence factor of hydraulic fracturing crack propagation, P is the internal water pressure of crack surface, and σ1 and σ3

20
100

mm

45

mm
15mm

50mm
50mm

(a)Model grid

(b)Model design
!
20376&6-21&/02()/&1(+4-(
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bD=1

cD=5

dD=10
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eD=50
!$
4&'.3423&+&6-21342')5571()4(-**)4)16*&'62452*,;(4&7/-'*4&'674-1+'4&'.+4296,

tip does not experience the self-similar propagation
of the wing crack, and the fracture surface of the
specimen is also along the direction of the original
crack surface. It is worth noting that for the selfsimilar crack propagation, the crack propagates in
circular arc on the surface of the unpenetrated specimen, and the crack leading edge will not straighten
until the crack permeates the surface.

,)'4&'.3423&+&6-21/&92*',&4&'6)4-56-'
32-162*34)'&56'4&'.6-3=In order to quantitatively monitor the propagation length of crack characteristic points at each calculation step under different working conditions, according to the symmetry,
the crack characteristic points (point A and point B,
corresponding to the end of long axis and short axis,
respectively) are selected for quantitative monitoring of crack propagation length, and the relationship between the total length of crack propagation
and the calculated step is drawn as shown in
Figure 3.
It can be seen from the diagram that for point
A (that is, the apex of the crack length half axis),
the total propagation length of point A increases
linearly with the calculation step, and there is no
obvious difference in the propagation length of the
crack in the early stage (the first calculation step)
under different working conditions. At the later
stage of crack growth (after the second calculation
step), with the increase of the crack growth factor D,
the propagation length of point A increases. However, there is little difference in the spread length of
point A under different working conditions.

It can be seen from the diagram that the crack
propagation law under different influence factors of
hydraulic fracturing crack propagation is quite
different. When the crack growth factor D of hydraulic fracturing is small (corresponding to D=0),
the water pressure value of crack surface is small,
and the crack shows a typical law of "airfoil
wrapped" crack growth, that is, the crack propagation at the tip of prefabricated crack shows a large
rotation angle with the original crack plane, and the
final wing crack develops along the direction of
maximum principal stress (in this paper, the stress
boundary is 7Mpa. that is, the upper and lower
direction of the specimen), and finally runs through
the specimen. The specimen was destroyed. Moderate crack growth factor for hydraulic fracturing
(corresponding to D=1) In the case of prefabricated
crack, wing crack propagates first. It is worth noting that the angle between wing crack and original
crack surface is small, and with the increase of
hydraulic fracturing crack propagation factor, the
angle between wing crack and original crack surface becomes smaller and smaller, that is to say, it
tends to propagate self-similar along the original
crack surface, and when the wing crack extends to a
certain extent, the crack surface gradually propagates along the plane. With the increase of crack
growth factor D in hydraulic fracturing, the angle
between the propagation plane and the original
crack plane becomes smaller and smaller. For the
case of large crack growth factor in hydraulic fracturing (corresponding to D=50), the crack propagation is different from that in other cases. The crack
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()16-*-'&6-212*'4&'.',&4&'6)4-56-'32-165
For the B point (that is, the apex of the short
half axis of the crack), the total propagation length
increases almost linearly with the calculation time
step. There is no obvious difference in the crack
propagation length under different working conditions before the first calculation step, but the difference is obvious in the later stage of crack growth,
that is, the larger the crack growth factor D is, the
faster the total crack growth length of the B point
increases. The total crack propagation length of
point B is larger than that of point A, which is consistent with the phenomenon that the penetration
crack is formed through the specimen before and
after the crack is observed in numerical simulation.

1&/;5-5 2* 564)55 -16)15-6; *&'6245 &6 6,)
/)&(-1+)(+)2*'4&'.5= In order to study the variation law of stress intensity factor of crack leading
edge under different working conditions, point A is
the starting point, the total length of ABCD direction of initial crack leading edge is defined as unit
1(Figure 3), and the three stress intensity factors K<,
K=, K> are normalized, namely K<, K=, K> and
divided by KR, KR can be expressed as the following form [23]:

  = σ 0 π / 

tensity factor, due to the action of internal water
pressure, the stress intensity factor of type I is
greater than 0, that is to say, the crack surface is in
the state of tension. The stress intensity factor of
type I is the largest in the short half axis of the
crack (that is, points B and D in Figure 5) and the
smallest in the long half axis of the crack (points A
and C in Figure 5). This also explains that the propagation rate of the short half axis of the crack is
larger than that in the long half axis, and the numerical simulation. The crack first passes through the
front and rear surfaces of the specimen. At the same
time, the larger the crack growth factor D is, the
greater the stress intensity factor is, which indicates
that the increase of water pressure on the crack
surface will aggravate the crack opening effect.
From the law of self-similar crack propagation in
the case of hydraulic fracturing crack growth factor
D, it can be seen that the stress intensity factor of
mode I is the main control factor of crack propagation direction in the case of hydraulic fracturing.
For the mode II stress intensity factor, the absolute value of the stress intensity factor of the
mode II is the largest at the top of the long axis of
the crack (that is, the A, C point in Figure 5), which
indicates that the crack of the long half axis of the
crack occurs first. Combined with the numerical
simulation, the "airfoil wrapped crack" appears at
the upper and lower tip of the crack, indicating that
the second crack is the main control factor for the
occurrence of the "airfoil wrapped crack". In the
short half axis of prefabricated crack tip (that is, B
and D points in Figure 5), the minimum stress intensity factor of type 2 is 0, while the stress intensity factor of mode I is the maximum, which indicates that pure crack propagation occurs at the short
half axis of crack. The larger the crack growth factor D of hydraulic fracturing is, the larger the absolute value of type II stress intensity factor is, but the
difference of the absolute value of type II stress
intensity factor is not significant under different
working conditions.

(19)

Where:
1.65
Q = 1 + 1.464
a / b

(20)
In the formula, 0 is the tensile stress on the
boundary of the model, a is the long half axis length
of the crack, and b is the short half axis length of
the crack. The variation of the normalized stress
intensity factor with the crack tip path can be obtained from the formula (19~20). The variation law
of normalized stress intensity factor is drawn as
shown in Figure 4.
In order to reflect the difference of stress intensity factor of type I under different working
conditions, the y axis of type I stress intensity factor
is logarithmic axis, while the y axis of type II and
type III stress intensity factor is normal axis. It can
be seen from the diagram that for type I stress in-
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(a)Relative mode I stress intensity factor

(b)Relative mode II stress intensity factor

(c)Relative mode III stress intensity factor
!.
"&4-&6-212*564)55-16)15-6;*&'624
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(a)Point A expansion length

(b) Point B expansion length
!0
"&4-&6-212*'4&'.3423&+&6-21/)1+6,9-6,'&/'7/&6-216-0)56)3&6(-**)4)16021-624-1+32-165

For the mode III stress intensity factor, the
mode III stress intensity factor is 0 at the long half
axis of the crack, and the absolute value reaches the
maximum at the short half axis of the crack. At the
same time, the larger the hydraulic fracturing crack
growth factor  is, the greater the absolute value of
the three-type stress intensity factor is.

maximum at the end of the long axis. The larger the
crack growth factor  is, the greater the absolute
value of the three stress intensity factors of the
crack is.
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In this paper, the variation of hydraulic fracturing crack propagation form, crack propagation
length and stress intensity factor under different
hydraulic fracturing crack growth factor  under
biaxial pressure (1=7MPa, 2=3MPa) is simulated
and analyzed by using Franc3d software, and the
results show that the results are compared with
those of the existing experimental studies, and the
results show that the crack propagation pattern,
crack propagation length and stress intensity factor
of hydraulic fracturing under different hydraulic
fracturing crack growth factors D are simulated and
analyzed by numerical simulation.
(1)The hydraulic fracturing crack growth factor 
is defined. The larger the hydraulic fracturing crack
growth factor  is, the more the crack propagation
pattern changes from the original airfoil wrapped
crack propagation to self-similar propagation, and
the final failure form first runs through the front
and rear surfaces of the specimen, and then through
the failure of the whole specimen.
(2)The larger the crack growth factor  is, the
greater the crack growth rate is at the end of the
long axis and the end of the short axis, and the
crack growth rate at the end of the long axis is
smaller than that at the end of the short axis.
(3)The stress intensity factors of crack mode I and
mode III are the smallest at the end of the long axis
and the maximum at the end of the short axis, while
the stress intensity factor of the crack is the smallest
at the end of the short axis of the crack, and the
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