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The paper aims to provide a description of the
vision and present practices of ecotourism. The paper uses content analysis method for reviewing published literature for recent 20 years. The overall evidence on the outcomes of ecotourism in the world
shows mixed results. Owing to the cultural and other
problems, ecotourism in many places has trapped in
a predicament. Thus, ecotourism should be introduced with proper monitoring, evaluation and management and long term conservation should be made.



boost nationwide ecotourism development. The
China National Tourism Administration named 1999
as the “Eco-tourism Year”. In the same year, a national “Symposium on Ecotourism in China” was
held in Yunnan, introducing ecotourism as an important type of tourism for China [8]. As its popularity exploded, studies of ecotourism in China surged
in the early 1990s. Although Chinese academics
have reached a common understanding about some
of the features of ecotourism, an accepted and standardized definition of ecotourism is still lacking [9,
10]. An investigation that spanned 27 provinces
(municipalities) in 2010, including 1110 various
types of ecotourism destinations such as nature reserves, forest parks, scenic areas, wetland parks, water resource scenic spots and geoparks, found that the
ecotourism market is still increasing, the ecotourism
industry is fledging, and a variety of ecotourism destinations are being developed [11-20].


(' "#
Ecotourism, Impact, Environment, Progress, Problems



$" %$ 

Development of the tourism industry is associated with creation of employment, generation of
household incomes, foreign exchange earnings as
well as diversification and revitalization of rural
economies [1]. This industry is arguably one of the
fastest growing industries in the world and future
prospects for continued growth remain encouraging
[2]. According to the World Economic Forum [3],
tourism currently generates an estimated US $6 trillion to the world's overall GDP, while directly supporting 120 million jobs. Put differently, travel and
tourism account for 9% of world GDP and one in
every eleven jobs in the world [4]. A number of
Third World countries have identified tourism as an
important economic growth engine [5]. Tourism has
also been pursued by many nation states because of
its unique character as an industry that enjoys freedom from trade barriers in many places around the
world. Furthermore, Telfer and Sharpley [6] argued
that, if well integrated into local economies (i.e. with
other sectors of the economy), benefits from tourism
development may be realised by an even wider community of residents of destination states.
Ecotourism was first introduced to China in the
1980s and was quickly incorporated into its tourism
industry and embraced by the growing number of
Chinese with disposable incomes [7]. The national
government also took notice and established the Chinese Eco-Tourism Association (CETA) in 1994 to

$"$%""&'
After viewing the literature (Fig.1), the main
arguments are systemized along five distinct categories, showing the evolution of ecotourism, economic
impact of ecotourism, its socio-cultural impact, its
environmental impact and conflict management between ecotourism and biodiversity conservation.
However, it is to be kept in mind that these three impacts (economic, socio-cultural & environment) are
interrelated as ecotourism promotes conservation
through socio-economic improvement of the condition of the local people [21-28].
& %$   $ %"#
The potential of tourism as an important driver
of growth is proved from its contribution to national
income of many countries. Nevertheless critics consider that tourism development is self-destructive
and in the long run it contributes to environmental
destruction. Increasing numbers of tourists threaten
the quality of life and environment. Concomitant
with the rapid development of the tourism industry,
there are increasing environmental problems like increasing noise, declining air quality, increasing
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water pollution, and increasing biodiversity loss,
draining of wetlands, destruction of coral reefs, etc.,
leading to depletion of nature. Therefore, the International Union for Conservation of Nature in 1992
lists tourism as the second major threat to protected
areas. Owing to the increasing negativities of tourism, several authors reiterated tourism industry to
grow carefully and in a sustainable manner [29-33].
With the influx of more and more tourists, tourism will bring certain environmental pollution, ecological pressure, landscape destruction and social
and cultural changes to various tourist destinations.
This has become the consensus of the industry and
scholars. Chinese scholars' research on the impact of
ecotourism mainly focuses on the impact on the natural environment, mainly with reference to carrying
capacity and acceptable change limit (LAC). The
ecological footprint and other theories measure the
environmental capacity of ecotourism, the measurement of the impact of tourism activities on specific
animals and plants, biodiversity, landscape diversity
and ecosystem integrity, capacity regulation and
countermeasures to mitigate negative impacts. However, there are few studies on eco-tourism environment monitoring, ecological evaluation of infrastructure such as accommodation and catering, energy optimization and waste minimization, and social and cultural impacts [34-36].
International tourism arrivals are expanding at
6.5% annually and within this ecotourism is growing
at annual rate of 5% representing the fastest growing
market [37]. A debate exists among the researchers
on whether the growth of ecotourism is driven by
supply or by demand. While Sharpley [38] considers
growth of ecotourism is supply led, Perkins and

Grace [39] affirm that ecotourism can also be partially demand driven rather than only supply driven.
Growing awareness about the detrimental effects of
mass tourism, evolution of post-material values, increasing environmental awareness, and expansion of
middle class families are some of the most important
reasons for increasing demand for ecotourism by the
tourists [40].
-76753- 358+-; The positive role of ecotourism in economics tends to be greater than its negative effects, mainly in promoting GDP development
and employment, and can be subdivided into direct
contributions, indirect contributions, and induced
contributions. This is basically the same as the impact of other forms of tourism. It not only helps to
improve the economic status and living conditions of
local residents, but also promotes the overall economic development and employment of the community [41-50].
Ecotourism is being embraced as a potential
economic rescuer by many rural communities who
are motivated by the promise of jobs, new business
opportunities, and skill development [51]. For many
indigenous communities in tropical and developing
countries, ecotourism is considered as a means leading to new sources of income and betterment in
household condition [52]. Better access to tourists
through properly organized ecotourism enables local
people to augment their livelihood security through
employment and small enterprise development [53].
Development of ecotourism will create jobs in
tourism services such as restaurants, souvenir shops,
and food. Eco-lodges, campsites, home stay accommodations, restaurants, transport, and guiding services also provide economic benefits directly to local
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take an active role in opening cabins, restaurants, and
other small businesses. Such practices help women
to earn reasonably by emancipating themselves from
the traditional patriarchal gender norms.
Weaver [68] argues that the many definitions of
ecotourism revolve around three core elements
namely; nature base, educational orientation (as opposed to travels for simple leisure) and, sustainability of attractions (including aspect of socio-economic landscape). One of the most commonly referred definitions asserts that ecotourism encompasses “travelling to relatively undisturbed or uncontaminated areas with the specific objective of studying, admiring and enjoying the scenery and its wild
plants and animals, as well as any existing cultural
manifestations (both past and present) found in those
areas [69].
To sum up, it may be said that many articles
have considered ecotourism as a means to empower
local people socio-politically through improving
their standard of living, fostering respect for different cultures, and enhancing human rights. It helps
women to earn reasonably by emancipating themselves from the traditional patriarchal gender norms.
Indirect incentives like improved infrastructures,
health facilities, awareness and education from tourism development also help to develop positive attitudes toward conservation. On the other hand, many
authors have put emphasis also on the real practices
of ecotourism. They have focussed on crowding,
crime, begging, and prostitution associated with the
increase in the number of tourists in ecotourism
spots. In many cases, as found, traditional mind setup of the locals does not allow women community to
rise above the notion of weaker sex. Such problems
are more in developing countries owing to its mismanagement as well as bureaucratic nature of management. More numbers of tourists, as found in
many articles, have caused cultural erosion, increase
in alcohol consumption and disease risk, as mostly
the tourists are found to be pleasant seekers more in
the developing countries than in the developed ones.
This in turn poses threat to biodiversity as well as to
local culture [70].

6=39765/6;+4 358+-; !7:3;3=/ 358+-; 70
/-7;7<93:5 76 ;2/ /-74713-+4 /6=39765/6; ) *
  #;9/61;2/6361 ;2/ 897;/-;376 70 6+;<9+4 +6.
2<5+6 /-74713-+4 /6=39765/6; 9/04/-;: ;2/ 897
;/-;376 0<6-;376 70 /-7;7<93:5 The development
and development of ecotourism has protected some
valuable natural habitats, which often have scientific
research value and tourism value. If it is not used to
develop ecotourism, it may be destroyed or exploited
for its use.
Natural relics and cultural relics are non-renewable resources with important cultural and artistic
values that can no longer be restored once they are
destroyed. Through the development of ecotourism,
this part of the resources is not only protected, but

people [54, 55]. Even in the case of island or marine
communities, marine tourism industry often forms
the most important economic activity. Job opportunities range from one-person operations such as
charter fishing boat operators, sea-kayak tour guides
and scuba diving instructors to multinational cruiseship companies [56].
However, the income inequality caused by ecotourism has also caused dissatisfaction among residents. In particular, there are fewer consumption
projects in the scenic area, and local residents have
the least economic benefits. The primary communities around the scenic spots or surrounding towns
rely on better service facilities. The economic benefits obtained are relatively high. In addition, economic leakage, single economic structure, rising
prices, inadequate supply of facilities, and uneven
industrial development are also issues that need to be
addressed and circumvented by ecotourism [57-60].
The beneficial approach of ecotourism in uplifting the economic condition of the locals as well
as of the economy is not free from criticisms. The
conflict between biodiversity conservation and poverty reduction is a complex dilemma. Many authors
argue that ecotourism has compromised the cause of
biodiversity conservation by exacerbating impoverishment on very large numbers of people [61, 62]. In
practice, ecotourism has mostly failed to fulfill the
promises made to indigenous communities, due to a
number of factors like lack of mechanisms for a fair
distribution of the economic benefits of ecotourism,
compulsory displacement and land insecurity. The
subsequent section will provide a clear picture of the
mismatch between objectives and present practice.
#7-37-<4;<9+4 358+-; Ecotourism, through
increase in standard of living of the local residents,
empowers them socio-politically and fosters respect
for different cultures and for human rights. Indirect
incentives like improved infrastructures, health facilities, awareness and education from tourism development develop positive attitudes toward conservation [63]. Community-based conservation programs such as the Van Panchayats (VP), a state level
program that was introduced in Uttaranchal, and
more recently the nationally designed Joint Forest
Management (JFM) programs are initiated with an
objective of addressing the conflicts between the local communities and the forest department over access and use of forest resources. These institutions
seek to incorporate local communities in regulating
use of forest products [64]. Local community is involved in the entire process starting from the planning to execution and monitoring, and this is the key
to success of ecotourism [65, 66].
Horton [67] opines that ecotourism, by challenging the traditional gender roles, has extended
womens' household roles of cleaning, cooking, and
serving others. The author has found that with the
arrival of ecotourism in Costa Rica, women began to
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higher the chance and frequency of invasion of alien
species. When alien species enter the environment,
the biodiversity of scenic spots is often reduced. The
ecosystem is degraded or even collapses.

  +6.:-+8/ 09+15/6;+;376 Because the
theoretical research of ecotourism lags behind the
practice of ecotourism, and the lack of understanding
of ecotourism by ecotourism developers, the planning of the scenic spot is unreasonable, mainly reflected in the unreasonable construction of Panshan
Road and cement road; restaurants and shops in the
scenic area. Too many artificial facilities and serious
urbanization have destroyed the harmonious beauty
of the landscape and interfered with the genetic communication between biological individuals.

the funds obtained can be used to maintain these resources.
 !9757;/;2//-76753-./=/4785/6;7047
-+49/:3./6;:This effect reflects the poverty alleviation function of ecotourism. The development of
eco-tourism not only solved the employment problems of some local residents, but also brought economic benefits to local residents, tourism operators
and the government, and promoted local economic
development.

  #;9/61;2/6361 +>+9/6/:: 70 /-74713-+4
/6=39765/6;+4 897;/-;376 This effect reflects the
environmental education function of ecotourism.
Eco-tourism enables visitors to accept ecological education in which nature and humans live in harmony
in the process of tourism. Through eco-tourism, visitors can be close to nature, learn and recognize the
value of nature in nature, and achieve the purpose of
consciously protecting the environment and raising
awareness of environmental protection.

$2/ 6/1+;3=/ 358+-; 70 /-7;7<93:5 76 ;2/
/-74713-+4/6=39765/6;) * #734+6.1/74713
-+40/+;<9/:After a large number of tourists enter
the scenic spot, the soil compaction intensity is increased, which will lead to soil compaction, water
conservation function and permeability reduction,
surface runoff increase, and soil erosion. In the name
of developing eco-tourism, some scenic spots have
greatly damaged the geological features, resulting in
damage to natural landscapes, increased soil erosion
and imbalance of ecological balance.

  &/1/;+;376 +6. >34.430/ The impact of
ecotourism on vegetation mainly includes the following aspects:
(a)Tourists smoke and live with fire, increase
the threat of fire to mountain plants; (b) remove surface vegetation during new infrastructure construction; (c) tourists trample on plant growth; (d) soil
compaction caused by tourists trampling, affecting
plant seed germination; (e) tourists Picking causes
damage to plants. The impact on wildlife is mainly
caused by affecting wildlife habitats. The development of ecotourism, such as the construction of ropeways, highways, hotels, etc., may destroy the habitat
of many wild animals, causing the decline of animal
habitat quality and the obstruction of population exchanges. In addition, the outdoor tourism activities
caused by tourists, the noise of motor vehicles, etc.,
will cause disturbances to wild animals, especially
sensitive birds and mammals, affecting the normal
habits of movement.

 !744<;37670>+:;/>+:;/>+;/9+6.>+:;/
1+:As a tourism with high consumption activities,
there are naturally more wastes discharged, which
puts a lot of pressure on the environment. In particular, the popularity of the Golden Week and the poor
management of scenic spots have made the environmental degradation of the scenic spots particularly
prominent. The main problems are as follows: tourists throwing garbage at random will cause garbage
to be plagued; garbage will further cause water pollution; sewage generated by tourists, scenic spots hotels, restaurants, etc. will cause serious pollution to
water bodies; exhaust emissions from automobiles
and domestic and hotel living boilers in tourist areas
Exhaust gases pollute the atmosphere.


 %# #

Most of the literature about ecotourism and its
impact analysis are qualitative one. The authors have
mostly used descriptive analysis to come to a conclusion. Considering the experiences of ecotourism
throughout the world, the present paper concludes
that undoubtedly ecotourism has proven to be an effective environmental conservation tool in many
cases.
Pay attention to the impact of ecotourism research. Research on the role and impact of ecotourism should focus on the principle of efforts to expand
positive effects, mitigate or eliminate negative impacts, study the interactive mechanism of ecological
protection and tourism development, and combine
the ecological civilization construction chain with
the realistic driving factors of the global tourism development chain. Provide a basis for improving the
effectiveness of ecotourism. Most of China's research only descriptively explains the impact of ecotourism, especially the research on the impact of social culture. The quantitative research on the specific
impact degree and development trend prediction
needs to be further strengthened. Foreign studies
have presented the impact dimension of ecotourism

 43/6:8/-3/:36=+:376Tourists and transportation facilities are the main carriers of alien species, and the more tourists in the eco-tourism environment, the greater the mobility of people, the
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relatively completely. While referring to foreign experience, China should combine the actual situation
of the case, quantitatively analyze the impact results,
and realize the scientific nature of the research.
Optimize the evaluation method of ecotourism.
Ecotourism pursues the comprehensive benefits of
tourism development and ecological protection. In
addition to drawing on the quantitative evaluation
methods that are prevalent in foreign countries, Chinese scholars should also strive to build a quantitative evaluation model that meets China's unique development needs and explore the characteristics of
variables that affect the effectiveness of ecotourism.
Because of the comprehensiveness and complexity
of tourism activities, the scope of effect evaluation is
also wide. The ecological assessment of ecotourism
environment, the ecological assessment of accommodation, catering and other infrastructure is an indispensable part of building a complete ecotourism
theory system. Areas that need attention in the future.
Thus, attempts to provide scientific basis for
recommendations to develop China's ecotourism
need to be strengthened to meet the needs of economic development, and benefit environmental protection and biodiversity conservation.
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This paper presents a comparison of the floristic compositions of two communities of Greek maple (%% Orph.), which are endemic to
the Balkan and a tertiary relict. The analysis consists of nine phytocoenological relevés made in the
forest of beech and Greek maple (%%
'( Jov.1957) and four phytocoenological
relevés made in a high mountainous beech forest
( '(  ' "!'!(  "&(  Jov.1985) on
Mount. Jastrebac, Serbia. CA floristic analysis of
the data collected showed that the forest of beech
and Greek maple is characterized by floristic poverty, where edificators are dominant (% 
% (& "&( (&&+)' L. (incl.
 "&)) and also ((&%'(&'+%( *
 ! ! "! ! "%"&. The high- mountainous beech forest is a lot richer in terms of floristic
composition and contains species that are characteristic of the "! "& alliance, which can
be found at lower altitudes: &#%( ""%'
 ((& % "& %(%& #%!!&
"+"!'( )%''(  %*!(&*&"%The
diversity index (Shannon Wiener index) shows a
higher value in the high mountainous beech forest
than in the forest of beech and Greek maple, which
was to be expected since the forest of beech and
Greek maple has a greater number of species per
phytocoenological relevé. The evenness index
(Evenness index) also shows a higher value in the
forest of beech and Greek maple. There is a nearly
proper spatial distribution of plant species in this
community. In both researched communities,
blackberry (((& %'(&) prevents the natural regeneration of forests, thus special attention must be
paid to the preservation of the gene pool, as well as
forest floristic diversity of this important endemic
and rare species.



Greek maple (% % Orph.) is one
of the most fascinating indigenous species in the
flora of Serbia because, at the same time, it is endemic to the Balkans and a tertiary relict. Greek
maple is the most adaptable indigenous maple when
it comes to cold climates caused by high altitudes.
The fact that this species grows in conditions where
only a small number of woody species thrive, emphasizes its ecological significance. Looking from a
phytosociological aspect, % % is notable as one of the edificators for high-mountain and
subalpine vegetation belts in Serbia. The subalpine
belt in Serbia ranges from altitudes of 1300-1800.
[1]. Ass. '(  &%(  &(#!( (Rud. 47)
Mouse. et Pop. 1954. (syn. '(  '& &%
(  *&, '( *& &%(  &(
#!( ) is the most common subalpine forest community of Serbia, and is conditioned by the cold
continental climate. It forms a climate-regional
vegetation belt at altitudes about 1600-1700 m on
Mt. Kopaonik [2], Mt. Golija [3], Stara Planina [4]
mainly on silicate surfaces. Beech forests (suballiance !"! "& &(#!( JOV. 1976)
are usually specific to the Illyrian provinces, which
are characterized by a mild, maritime climate at
higher altitudes, but they appear in the subalpine
parts of Serbia. They are concluded on the following mountain ranges: Stara Planina, Goč, Ostrozubu, Suva Planina, Kopaonik, Rtanj, Jadovnik, Crni
Vrh (Bor), Deli Jovan, Golija etc. [5,6]. These forests are distinguished by floristic poverty in all
segments, but especially when it comes to the tree
layer, however, this isn’t the case for beech and
Greek maple (% % '(
Job.,
1957) forests since the first layer consists of a vast
number of Greek maple, making up great ground
coverage. Occupying hidden exposures is a characteristic of Greek maple, which is also the case when
it comes to this community [7]. % %
thrives on rocky substrates and big slopes, where
considerable height is achieved along with a great
level of natural rejuvenation. Forests of beech and
Greek maple were first recorded on Goč (Jovanović, 1957), and later on other mountains in Serbia:
Golija, Kopaonik, Rudnik, Jastrebac, Stara Planina
etc. [5]. In recent years, the detailed scrutiny of the

)(!#$
%%Mt. Jastrebac, endemic species, floristic
composition






5719

$#

! %      





!"  ! 


the whole surface that this belt encases, 1100 m
above sea level being the lowest bound and 1490 m
above sea level being the highest bound.


%#$ %!$

variability of Greek maple and the floristic characteristics of forests were done by Perović [8,9], Perović and Cvjetićanin [10]. The community '( 
' "!'!(  "&( Jov. 1985, appears on
several mountains in Serbia (Željin, Crni Vrh (Bor),
Kopanoik and others). The mentioned community
is, according to some authors, coequal to the community '(  "&&(#!( !%"%(
Greb.1950 [11], i.e. lower subdivision of subalpine
beech forests. Beech trees within this community
still achieve decent heights and form dense stands.
This type of forest can be found bordering sites of
the % % '( community or above
the highest bound of beech-fir forests coming into
the juniper belt [6]. The study included highmountain and subalpine belt of beech and Greek
maple forests on the site of the Great Jastrebac
(Serbia). The great massif of Mt. Jastrebac belongs
to the Rodope Mountains system and, in morphological terms, is placed in the category of high and
medium sized mountains with clearly expressed
relief. It ranges between 18° 59' and 19° 15' East
longitude and 43° 24' and 42° 28' North latitude
(Figure 1).

Thirteen (13) phytocenological relevés were
made using the standard Braun – Blanquet method
[13] for the analysis of the floristic composition of
the investigated area [12]. Relevés were done twice,
once during spring and once during the summer.
The total area phytocenological relevés amounted
to 900-1200 m2. Determination of plant species was
done by ‘’Ikonographie der flora des südöstlichen
Mitteleuropa’’ [14] and ‘’Flora Europaea’’ [15].
Syntax names were given based on Tomic's [6]
division. First of all, transformation of quantity and
coverage ratings for each type within the phytocoenical relevés was carried out following the Van
Der Maarel method [16]. CA vegetation data analysis was conducted using the statistical software
CANOCO 4.5 [17]. To determine the similarity of
floristic composition between the a high level of
presence, however, the spring aspect of this analysis is characterized by stands, the Bray-Curtis cluster analysis (measuring similarity) with the option
"Complete Link" in Biodiversity pro [18] was performed. Indices of diversity and equality (ShannonWiener diversity index and Evenness) were done
via JUICE 7.0 [19]. An integrated synthetic phytocoenological table was also made for this program.


#$&%$

%%- '( Jov. 1957. makes
up most parts of the massif on Great Jasterbac and
is most common on the peaks of Stracimira (1392
m). It is least present on the southern parts, while
on the Western side it descends to 1280 m above
sea level. In the tree layer, evenly present as edificator are beech ( (& &+)' L. (incl. 
"&) and Greek maple (% %).
Stands are of different density, ranging from 0.50.9. In the bush layer, young edificators were noted,
while elderberry ( ((&!%) was found separate. In areas where the floristic layer is poor,
ground flora was dominated by species of ((&
%'(&, which in almost all recordings showed extensive quantities and vast ground coverage. High
presence have also '+%( * !%+"#'%
& * & *& '"&, while spring aspect
is represented by ! "!! "%"& (Table 1).


&#
/91;+:23-:9<3=39890=+<=;/,+
Bukovica River marks the lowest bound - 300
meters above sea level, and the highest bound,
Stracimir, is 1394 meters above sea level. The
height difference between the highest and lowest
bound is 1094 meters. The relief is characterized by
plenty of steep or very steep slopes, amounting to
20-40°. The Subalpine belt of this locality is peculiar by certain particularities, reflecting primarily
the impact of orographic factors such as altitude
and height. The lowest point of this belt on Mt.
Jastrebac amounts to 1100-1150, whereas the highest point is 1390 m above sea level. The subalpine
beech and Greek maple belt on Great Jastrebac is
conditioned by a perhumid climate on the basis of
the elements of water balance, humid index, index
of aridity, and the general climate index [12] and
according to the Thornthwait classification (1948).
Including the highest peaks around Bela Stena
(1257 m) and Stracimir (1394 m), the geological
foundation is made up of phyllite, at lower altitudes, and kernite at higher altitudes. Distric hummus silicate soil, or regolith, dominates throughout
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'( ' "!'!(  "&( Jov. 1975,
was found on slightly lower altitudes; between
1000-1100 m, and has been recorded on the plateau
or NW exposures. Pitches were quite mild, going
up to 10°. Assembly stands was between 0.5-0.7.
This community is orographic-edaphic conditioned
and represents a transition between the mountain
and the subalpine belt. Although % %
has the greatest ground coverage and dominates
quantity wise, beech is quite present. In addition to
edificators, %#&("#'!(&  (&% and
%*!(&*&"% were also noted in the tree layer.
Ground flora is richer than in the previously mentioned community with the characteristic set of
species being (& "& % %
% #&("#'!(& ((& %'(& %+"#'%&
* & # ( #!( )('!"& and
characteristic of "! "&alliance and
appear at lower altitudes: &#%( ""%'  
((& % "& %(%& #%!!& +%%&

""%'. The grouping of phytocoenological
relevés into two separate groups is clearly visible in
figure 2, where the first group consists of recordings made in the forests of beech and Greek maple,
which are in the negative part of the coordinate
system and show little dissipation around the X
axis. This community is characterized by floristic
poverty. When looking at it separately, there are
species that are key to this community apart from
the edificators (%% and (& "&
), on other localities: ((& %'(& '+%( 
* !! "!! "%"& etc.
Relevés taken on high-mountainous beech
forests show a large spread in the right part of the
coordinate system, which suggests a heterogeneous
composition. This community has plenty of tree
and shrub species in its floristic composition, as
well as species that are "+"!'( )%''( 
%*!(&*&"% and others.
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   :2A=9-9/896913-+6;/6/?B<38=2/    

$:/-3/< +,,;/?3+=398<: &(& &)&'%& %& %!(  &)'(  +%#+%+%(& #+%&'% ! %!'( 
%"#+(   (% '( (%& " ('"+"!'(  ('"%(  %#%%(%& #%!!& %&#"
%(  &#"!+(  !(!" (& ")%'"+"!'(  )%''(  %%" %!(  %"%'!( 
%* %*!(& *&"%  " (& "& % % "%)"%+(& )!  (
"!(  (& (%((& %'(& +%""%+%%& ""%' #&% #&("#'!(& *'*& 
'"& (') ('!"& ''+%(  * !   (& % !! "! "! ! "%"&
&#'(%&#%('(%! ## # ( #!(  ! ((&!%%!% !!("&&#""
&#%(""%' % ((&% "&'&'+&&)' (' """!('( "%"
!&#%'#! abbreviations after a species name denotes A- tree layer, B –shrub layer, C-ground flora layer
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forests. A more open tree canopy allows for greater
penetration of light that reaches the layer of terrestrial flora and favors the development of blackberries (((&%'(&), which leads to soil weed growth
and adversely affects the natural regeneration of
Greek maple. Even in high mountainous beech forests ((&%'(& is of significant quantity and coverage, but lower than in the previous community.


$&$$!

Cluster analysis (Fig. 3) showed that the investigated stands are grouped into two groups: one
is the forest of beech and Greek maple (relevés 1-9)
and the second group is composed of relevés taken
in high mountainous forests of beech (relevés 1013). No overlapping occurs between the stands,
which suggests that there are distinct floristic differences between them.
% 
8.3-/<90.3?/;<3=A+8./?/88/<<38;/</+;-2/.
<=+8.<
Community
%%
- '(
'( '
"!'!( 
"&(

Average Shannon-Wiener
index
1.31

Average
Evenness
index
0.59

2.32

0.78



Greek maple reaches the greatest quantity and
coverage, as well as the largest dimension, in the
subalpine vegetation belt and finds this band most
convenient since it is a species that is sensitive to
the warm climate impacts, therefore occupies mainly hidden, northern, northeastern and eastern exposure.
Its optimum is achieved in the community
%% '( B. Jov. 1957, which has
various names in different parts of former Yugoslavia: %% '( B. Jov. 1957 in central Serbia, % % '(  &(#!(
Jank.et Stef. 1983 in Kosovo, % )&!
'( Fuk. et Stef. 1958 in Bosnia and Herzegovina, '"%'( )&! Bleč et Lkšć. 1970
in Montenegro (Blečić, Lakušić, 1976; Tomić 2004;
Tomić, Rakonjac 2011; according to [9]). On the
Western Balkans, Greek maple is found individually in coniferous forests, although it is most likely
found in associations with subalpine beech. In the
area of Jahorina, % % subsp. )&!
was noted in a subalpine spruce forest ('( 
&(#!( ), as well as mixed forests of beech-firspruce (' '( ), where it has a small
quantity and coverage [20] . On Mt. Golija, Serbia

Shannon-Wiener index (table 2) shows significant differences between communities. This index
has a much higher value in high mountainous forests of beech than in beech and Greek maple forests, which is to be expected given that the forests
of beech and Greek maple have a higher number of
species per phytosociological analysis. Evenness
index indicates a higher value in the highmountainous forests of beech. It can be concluded
that in this community, spatial distribution of plant
species are relatively even, given that the Evenness
index value is nearly 1. The value of this index reduce those species that have great quantities and
ground coverage; first and foremost, blackberry
(((&%'(&), then ! "!! "%"& and *&
'"& when it comes to beech and Greek maple
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zoo-anthropogenic factors. Species that have characterized the bond "! "&: ( (%&
!( , which builds facies, have great coverage and
are in large quantities in the layer of ground flora,
followed by %+"#'%& * & "  %&(
' &#%( ""%' ! "! ! "%"& ! "
!%!(!("&"! "%& etc., which shows
that the community is of extremely mesophilic
character with very little involvement of frigophilic
elements. Beech and Greek maple communities
located at Perućica (BiH) are of high altitudes
(1600-1650 m above sea level) and have a significant presence in a layer of fir shrubs and ground
flora [9]. In the layer of ground flora, "fagetal" species and species that characterize the alpine and
subalpine area are significantly present: " 
%&(' %' #! "+"!'(  )%'
'(  " #! "!% #! and others. In
the area of Jahorina (BiH), Greek maple is found at
altitudes between 1300 to 1600 m but are extensively ruined due to the opening of ski slopes, ski lifts
etc., thus the most beautiful stands had to be cut
down. In this case, Greek maple is usually found in
the community subalpine beech and greek maple
(% '( &(#!( ), or appears in smaller
quantities and coverage in '(  &(#!(
and "' '( communities. The total
phytosociological table from this site [20] notes
that, in addition to greek maple (%%), a
large extent in the layer of trees and shrubs present
are fir (& ), Norway spruce ( &)
and beech ( (& &+)'). The most abundant
species in the layer of ground flora are *&
'"& %% )& " %!!
'+%( * !&%( (%"#(  !'
! &# and others. Greek maple forests on
Mt. Prilep (which is a part of the Metohijska
Prokletija complex) [24] shows a completely different floristic composition in relation to the abovementioned communities. On one hand, this is a result of the massif being exposed to hot climates of
the Metohija plains, while on the other hand, the
community is strongly influenced by the mountain
climate of the central part of Montenegro and Metohija Prokletija. The community is described as
'%" $(!%'(  % M. Jank. et
R. Bog. and is located in the spruce belt, on the
eastern exposures - altitudes between 1570-1600 m.
In the layer of trees and shrubs, in addition to greek
maple (%%) and sycamore maple (%
#&("#'!(&), black ash ( %*!(&"%!(&) has V
level of presence. It can be seen that the characteristic set of species are not only mesophilic types of
'&+)', but also many xerophilic species such as %*!(& "%!(& &'( '%"#+
!"#"(  )(%
+#%(  #%"%'( 
+ (& "!'!(&  "(  (#"%
+#%&&& etc. are present.

[21], Greek maple is found as a differential species
in the forest of beech and spruce (' '( 
&"( subass. %'"&( , [21] whereas
in the southwest of Serbia, on Mt. Ozren, Greek
maple forms a specific community !%
%'( , Matovic 1993 in which, in
addition to maple, an edificator is the endemic herbaceous species ! &% [22]. This community is of secondary character and represents the
gradual phase of vegetation on the devastated site
of beech, fir and spruce. All of the above leads to
the conclusion that %%is less resistant
to cold than &, and therefore can survive
at lower altitudes in specific maritime climatic conditions, thus, % % is found in the community '(  "& &(#!(  !%"%(
Greb.1950 which is in the area of Kopaonik, but
also in several other places in Serbia, equated with
the community '(  "& ' "!'!( .
It is located at the upper bound climate-regional
beech belt, sometimes beech-fir, at very different
altitudes. Lowest point at which this community
was registered in Serbia is 950 m on Crni Vrh Bor, and the largest point was found on Kopaonik
(1550 m), entering a lower belt of pine forests [6].
Soils in this community are formed under the influence of cold mountainous climates. On the terrestrial flora, alpine herbaceous plants are found.
Greek maple is found in the community %
% '( and at lower altitudes, usually
at altitudes ranging from 1300-1600m (1700 m)
[23]. The subassociation %#!'"&(  '( is
noted at altitudes between 950-1050 m in the community % % '( on Mt. Rudnik,
Serbia. It develops in the mountainous belt of vegetation at the lowest altitude that greek maple has
ever been recorded in Serbia [9]. Given that Greek
maple appears in conditions of a warmer climate
impact, this subassociation is characterized by a
larger number of mesophilic species that cannot be
found on frigoriphilic sites in specific communities
of beech and maple. The same can be said for the
community '(  "& ' "!'!( in
the area of Jastrebac, because this community, in its
floristic composition, contains less high-mountain
species, more species that characterize the "!
"& belt and appear at lower altitudes: &
#%( ""%'  ((& % "& %(%&
#%!!& "+"!'(  )%''(  %*!(& *
&"% and others. Beech and Greek maple forests
(% % '( B. Jov. 1957) on Biogradska Gora, Montenegro, have a significantly
higher altitude than on Mt. Jastrebac (between 1650
to 1700 m asl) [9]. Only edificators are present in
the tree layer. A high presence of fir (&) is
noticed in shrub layers and ground flora communities, but not in the community of beech and Greek
maple on Mt. Jastrebac, which is most likely a consequence of the appearance of the community at
high altitudes, where it was spared of the effects of
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Greek maple (% % Orph.) represents exceptionally important domestic species in
Serbian flora, because in same time it is endemic of
Balkan and tertiary relict. During the study, comparison was done between structure of beech and
greek maple community (% %
'( B. Jov. 1957.) and high-mountainous
beech wood ( '(  ' "!'!(  "&(
Jovanović 1975). There is a clear differences
among explored stands.
CA analysis has shown that greekmaple wood
and beech with deficient floristic composition, as a
separated, beside edifiers (% % and
(& "&), occurs species which are characteristic for this plant community on different localities too: ((&%'(&'+%( * !! 
"!! "%"&etc. High- mountainous beech wood
is floristically richer and in its heterogeneous composition contains a lot of species that occurs in a
lower altitude: &#%( ""%'  ((& %
"& %(%& #%!!& "+"!'(  )%'
'(  %*!(&*&"%, etc. Cluster analysis has
shown that grouping of phytocoenosis relevés into
two groups, among which there is no overlapping,
leads to a conclusion that there are clear floristic
differences among explored plant community.
Shannon Wiener's index shows greater value in
high- mountainous beech forest than in a beech and
mountainous maple forest, as expected, considering
that beech and mountainous maple forest has a
higher number of species per phytocoenological
relevé. Index of equality (Evenness index) has a
greater value in high- mountainous beech forest,
which means that in this plant community there is a
more regular spatial arrangement than in beech and
mountainous maple forest. Both of explored plant
community blackberry (((&%'(&) prevents natural forest renewal, therefore special type of care is
needed towards gene bank, so as floristic forest
diversity of this significant endemic species.
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The mountain beech forest represents a vast
climate-regional belt of vegetation in Serbia, as
well as the most economically important forest
type, and takes up a significant area in Serbia and
Montenegro. This paper focused on a comparison
of the floristic composition of a typical mountain
beech forest in Serbia and Montenegro in order to
determine the differences between the investigated
stands. A total of 12 phytocoenological relevés
were analyzed; 7 on Jastrebac (Serbia) and 5 on
Biogradska Gora (Montenegro). CCA analysis
showed that significant differences are present
among the studied stands. Phytocoenological
relevés from Montenegro correlated with altitude
and assembly, while relevés from Serbia have a
correlation with slopes. Differences in floristic
composition are mostly due to various tree layering.
Stands on Mt. Jastrebac are dispersed, which allow
the penetration of light on the terrestrial flora, leading to weed growth. The composition of tree layers
is quite dense on Biogradska Gora, thus the shrub
layer is poor, whereas terrestrial flora is mainly
comprised of species that thrive in areas of little
light (sciophytes). In the spectrum of floral elements, species of Central European areal type dominate both sites, which expressed extreme mesophilic characteristics of researched stands. In the
spectrum of life forms on Mt. Jastrebac, phanerophytes are dominant due to the large number of
species in the tree and shrub layer, while geophytes
are dominant on Biogradska Gora as a result of
dense tree layering, therefore, the ground flora consists of species that can complete the reproductive
cycle before trees begin to bloom.

micro-climate conditions, thus they are very heterogeneous. There are many classifications of beech
forests of Southeastern Europe. Horvat [1] first
ranked all beech forests, ranging from the Alps to
Albania and Greece, in alliance #" ', *(
 ,&)!. However, within such a wide distribution, significant floristic differences exist within the
researched stands, thus Soó [2, 3] ranked forests of
Southeastern Serbia, Bulgaria and northern Greece
in alliance #")! which were previously
examined in the Carpathian region. Given that
many diagnostic species of the alliance were not
found in the mentioned areas, the author dubbed
these forests ‘Moesian Beech Forests. (MoesischeFagionWälder), marking Moesian beech ( )'
!#') as a differential type of alliance [4]. All
beech forests of Southeastern Europe have recently
been classified into two alliances [5]: &!#"#
#" and #" !#'. Pure and mixed
beech forests occupy significant areas in Serbia
because beech ( )'', *(L.''$!#') is
the most widespread tree species in Serbia; beech
forests cover 660,400 ha (29.3%) of the total covered area, of which 64.7% is state-owned [6]. In
syntaxonomic sense, beech forests in Serbia are
classified into class )&# ( Br.-Bl.
Vlieger & 1937, order (  ' *( Pawlowski and Pawlowski, Sokolowski&Walisch 1928
and alliance #"!#'Blečić & R. Lakušić
1976. The affiliation of beech forest in the alliance
#" !#' was confirmed on the area of
Biogradska Gora in Montenegro [7] even though
Illyrian beech forests ()! !#"(")! ', *(
 !#"("&")! Blečić 1958 were originally
described [8] on the area of Piva (Montenegro).
Within this alliance, due to a great variety, seven
suballiances and a large number of associations
were isolated where mountain beech forest has the
largest distribution and is economically the most
important type of beech forest, and forests in Serbia
in general [9]. Mountain beech forest ('$&) #
##&( ()! !#' B. Jovanović 1973,
syn. ()! !#' !#"(")! B. Jovanović
1973) presents a very well defined climate-regional
belt of vegetation in Moesia and transitional Illyrian-Moesia Provinces. The community is mainly
located on all exposures, at altitudes between 800-



%$ 
beech forest, floristic composition, Serbia, Montenegro

!"!

Beech forests cover large areas in South Eastern Europe and are on different geological substrates, soils, altitudes, grow in various macro and
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1200 m, and is observed on most mountains of the
mentioned areas. The aim of this research was to
determine whether there are differences in the floristic composition of a typical mountain forests of
beech in two localities in Serbia and Montenegro,
given that it amounts to a considerable distance,
and investigated sites with specific characteristics
in terms of severity synergistic environmental impacts in which these two communities grow.
! !

Great Jastrebac mountain range stretches between 18 ° 59 'and 19 ° 05' east longitude and 43 °
24 'and 43 ° 28' north latitude. It belongs to the
Rhodope mountain system, and in morphological
terms, belongs to the category of high and medium
mountains with very expressed relief, locatedat
altitudes between 300-1394 m (Figure 1). The average annual temperature is 9. 7ОС, the average temperature during the vegetation period is 15.8 ОС.
Geologically speaking, the area of Great Jastrebac
consists of the highest percentage of granodiorite in
its base. Corneits are present on the peaks of the
mountain range, and phyllites at somewhat lower
altitudes ranging from 950-1000 meters. Acidic
brown soils prevail (dystric cambisol), typical acid
brown soil, poor skeletal and typical acid brown
soil of medium depth and skeletal. Podzolic acid
brown soil is less common. Humus-silicate soils are
present at higher altitudes: regosol, colluvial and
podzolic [10]. Biogradska Gora, along with Mt.
Bjelasnica, represent the unique geomorphological
unit in Central Montenegro (Figure 1) with peaks
over 2000 m, where glacier peaks and cirques with




several glacial lakes are present. The average annual temperature is around 20C, while the mean air
temperature in the vegetation period is around 60C
(mountainous areas) to 120C (lower parts-valley of
Tara). The dominant soil type is acid brown soildystric cambisol on volcanic surfaces. The geological foundation consists of various volcanic rocks
that have effused in this area during volcanic activity in the Middle Triassic and Jurassic period [11].


!!

For the analysis of floristic composition of the
researched area, 12 phytocoenological relevés made
using the standard method Braun-Blanquet [12]
were done and were taken from literature [10,11]; 7
relevés on Jastrebac and 5 on Biogradska Gora. The
stands at both sites, according to syntaxonomic
origin, were classified as typical mountain beech
forest ('$&) # ##&( ()! !#' B.
Jovanović 1973, syn. ()! !#' !#"(
")! B. Jovanović 1973 subass. (,$)!).

8&8.78.(&1 &3&1;7.7 First, the transformation
estimates of abundance and coverage for each species within the phytocoenological relevés were performed by the Van Der Maarel method [13]. CCA
analysis of ecological-vegetation data was performed with the help of statistical software
CANOCO 4.5 [14]. Monte Carlo permutation test
was used to determine the significance of worth
(eigenvalue) with appropriate CCA axes. The study
calculated 499 randomly selected permutation of
the described communities. Syntax names were
given according to [15].

"
*414,.(&114(&8.434+6*7*&6(-*)7.8*7
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8&8.78.(&1 &3&1;7.7 Stands of typical mountain beech forests ('$&) # ##&( ()!
!#' B. Jovanović 1973, syn. ()!
!#'!#"(")!subass.(,$)!) on Jastrebac
(Serbia) appear at altitudes between 700-960 m, on
slopes of 30-35 degrees, and exposure are mostly
hidden- N, NW, NE. The stands at Biogradska Gora
(Montenegro) are at slightly higher altitudes, between 1150 to 1270 m, on slopes of 20-25 degrees
and different exposure-W, NW, S, SW. The graph
(Fig. 2) shows that the relevés from Serbia accumulate on the right side, while relevés from Montenegro are on the left side of the chart, which shows
that there are significant differences among them,
although it is the same association and subassociations.

The spectrum of floral elements were produced on the basis of systematization of plantgeographic elements after [16], and the life-form
spectrum after [17]. Indices of diversity and evenness (Shannon-Wiener diversity index and evenness) were calculated using the program JUICE 7.0
[18]. The Jaccard index of similarity between the
investigated communities was also calculated [19]
according to formula:

where
UV- is the number of common species, U, Vis the number of species in the beech and fir forest
on Mt. Jastrebac and Mt. Biogradska Gora, respectively.

"
46).3&8.4386.5148+.86&3,*+4675*(.*7   75*(.*7



(○-relevé representation, Δ-species representation;(1-7) – phytocoenological relevés in the mountain beech forest on Mt.
Jastrebac (Serbia); (8-12) –phytocoenological relevés of the mountain beech forest on Mt. Biogradska Gora (Montenegro))
Species abbreviations:  & & &+ &+")'+ '#&$!-$"!-&)!&)*&)")'
*)!""!"#"!#&"''")&") )&#$ !# )'!#'( (,&)! +!"
++ '(#' $'&$')#$ (")' )"& )"&&**# ,# ,'()!) ()!&,
 &,#$(&' !'!"!))'"&   & +)',$)')',$# #'')!)&))'
&()',!(),!$,()!()&#')!# *&# ,#"()!*&( ()!&) &!") & '
 #', # ', *'(&' $!#" $ #)!!#"(")!'$##'$&) ##&( !  !)! ## #"
&$)&&""('$)&$)&&$&&)& '$&""',!)&, '!)& '""!"!#""!#&#' 
# !"(#" '$ &$ ("#' !  !)' &')&'&)!)&#$)!(abbreviation
after a species name denotes A- tree layer, B –shrub layer, C-ground flora layer)
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Phytocoenological relevés from Montenegro
correlated with altitude and assembly, while relevés
from Serbia have a correlation with slopes. Exposure is the variable that has the least impact on the
community, which isn’t a surprise due to the fact
that mountainous beech forests are located in all
aspects within its areal. It is evident that mostly
woody and shrub species are isolated when it comes
to relevés from Serbia: '  &+")'+ 
'#&&)")'*)! !)' & )'!#'
and others. Due to more open tree layering (0.5-0.7)
greater light penetration on the ground flora layer
occurred, which led to weed growth and increase
inquantity and coverage of blackberry ())'
&()'), which prevents the development of other
species in this layer. On the other hand, a thick
strand of tree layers in stands in Montenegro hinders the development of shrub species, however
various sciophyt and semiscyophyte species are
present in the ground flora layer: '$&) ##&(
&)& ' $&""' &!" ) & ,
 ' !)& ' $ #)! !#"(")! etc. Common
to both sites is the absolute dominance of the beech
trees in the tree and shrub layer, while the ground
flora layer varies significantly as a result, primarily
to, a different set of tree layers.
Jaccard's similarity index (0.38) shows that
among the study stands there is not a great floristic
similarity, even though it is the same subassociation.

Central European floral element, which is an indicator that the community develops in mesophilic
conditions of temperate zone. Other floral elements
have a similar representation, apart from the elements of northern regions, which in Serbia amounts
to 5%, while in Montenegro there are no records.
!-*75*(86924+1.+*+4627The spectrum of
life forms (Fig 3B) reveals important differences
between the mountain beech stands in Serbia and
Montenegro. On the territory of Serbia, phanerophytes are significantly more numerous (41%:
25%) which is result of a large number of species of
tree layers and shrubs. On the other hand, geophytes (early flourishing species) are more numerous in stands in Montenegro, nearly two fold compared to Serbia (39%: 18%). This is due to the
dense layer of trees (0.9-1.0), where terrestrial
plants have insufficient sunlight during the growing
season, and therefore, have to complete their reproductive cycle before trees bloom.
3).(*74+).:*67.8;&3)*:*33*77The community of mountain beech on Biogradska Gora
(Table 1) has a slightly higher diversity index
(Shannon-Wiener index) when it comes to ground
flora, compared to Jastrebac.However this value is
not statistically significant. Evenness index (Evenness index) has approximately the same value at
both sites. Blackberry ())'&()') can be labeled
as a speciesthat reduces the evenness index value
on Jastrebac, whereas '$&) ##&( and !
)!  ## #" do the same on Biogradska Gora.

!-*75*(86924++146&1*1*2*387In both researched sites, the spectrum of floral elements (Fig.
3A) absolutely dominated species belonging to

"
5*(86924++146&1*1*2*387&3)75*(86924+1.+*+4627.38-*24938&.3'**(-+46*787
.3 *6'.&&3)438*3*,64
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!
3).(*74+).:*67.8;&3)*:*33*77.36*7*&6(-*)
78&3)7
Locality
Jastrebac (SRB)
Biogradska Gora
(MNE)

Average
Shannon-Wiener
index
1.42

Average
Evenness
index
0,54

1,76

0.60

slopes and soils, which supports the conclusion that
the forests of secondary character beech, with anthropological origins, caused the degradation of
beech-fir forests.
Mountain beech forests ( ()! !#"(")!
 ,&)! subass. (,$)!) in Manjaca (BiH) also
have great floristic similarities with mountain beech
forests in Serbia and Montenegro. It was recorded
at altitudes ranging from 920-1000 m. Fir and
spruce [26] were introduced to this community via
over-seeding. Due to a dense tree layer, ground
flora is impoverished. Typical "fagetal" species
represent a small coverage and quantity: '$&) 
##&( &,#$(&'  +!' &)& ' $&"
"' '() &,!. European beech ( )' ', 
*() is an edificatory for this community.
The most common, and the most clearly defined, Illyrian beech forest in Croatia is the community ! #&*  ()! (I. Horvat 1938)
Borhidi 1963 classified in alliance &!#" #"
(I. Horvat 1938) Török, Podani et Borhidi 1989. It
is found in the Dinaric area, between 400 -800 m
above sea level, below the beech-fir belt [27]. By
floristic composition, this community differs significantly from the mountain beech forests in the
Moesia province, because it‘s floristic composition
is comprised of a vast number of Illyrian species:
!)! #&*  !")'  + &!"""
$, #' %)($$(', but also a lot of species that occur in the mountainous beech forest in
the Moesia Province: # ,'()! ) ()! #
"& "& &""(' $)&$)& "#
"!#&"''  )! !&(#" and others. The
community ! #&*  ()! in Slovenia
represents the zonal vegetation mountainous belt at
altitudes between 600-900 m [28]. It is mainly distributed in limestones and dolomites. In Slovenia,
this community is of similar floristic composition
compared to the mountain forests of beech in the
Moesia Province, as can be seen from the combination of diagnostic species: & $')#$ (")'
 !)'  & & $ ("#' )#",!)' (#
 !))' "& (,&)!  +!" "
(& ) & &,#$(&'  +!' + ' 
(#' &'%)&#  etc.

 " 

At both researched sites (Jastrebac and Biogradska Gora) fir ('  ) was found in the
shrub and ground flora layer. The presence of
young fir is evidence that said community can not
be regarded as a pure beech forest, but as a degraded deciduous-coniferous forest ( ()!. On
both mountain ranges forests of beech and fir were
observed in the vicinity of pure beech forests,
which confirms what was previously said, because
over time man cut more fir than beech, thus beech,
being biologically more resilient, prevailed. The
origin of the secondary forests of mountain beech
on some mountain ranges in Serbia was discussed
in previous research [9, 15, 20, 21], as well as in
Bosnia [22], on the Dinarides [23] and others.
Mountain beech forests occupies large areas
on the Balkans. In the area of Galicica (Macedonia), the mountain beech forest ( !"( &"
 #& ()! (Em 1965) Rizovski& Jack's ex
Matevski et al. Ass. Nova)) is present on altitudes
between 1300-1700 m. This forest is of vast economical importance and has a lot of common species with the researched sites in terms of floristic
composition. &,#$(&'  +!' (observed on
Jastrebac and Biogradska Gora), #((")'*'
(recorded on Biogradska Gora) and ) !#"&
#" ' (observed on Jastrebac) are all species
labeled as diagnostics [24]. The mountain beech
forest in Macedonia belongs to the alliance #&#"
# # )!" #" Dzwonki et al.1999, Macedonian fir ('#&'&') is a diagnostic type of
alliance.
In the area of Mt. Jadovnik (BiH), the community ()! !#"(")!  ,&)! Fuk. et Stef
1958. was described, with altitudes ranging from
700m (800m) -1100m (1200) m, on limestones and
dolomites [25]. &!" ) & &!"
""$ , #' &' %)&#  # ,'()! )
()! &")! &#&(")! and + ' 
(#'  are differential types of the subassociation
&!"(#')! ((,$)!). All of these species
were recorded on the investigated localities Jastrebac and Biogradska Gora. The author also concludes that the forests of beech and beech-fir in
Jadovnik have great sociological similarities, 55%
of species are common to both characteristic sets,
spatially very close, grow at the same exposures,

" 

Mountain beech forests make up an ecocoenological and spatially differentiated whole in
terms of developed and formed climate-regional
belt. Typical forest community of mountain beech
( ()!!#'!#"(")! subass. (,$)!) is
most widely spread and the most common within
this belt.
There are significant differences in the floristic composition of the plant community between the
forest communities typical mountain beech
( ()! !#' !#"(")! subass. (,$)!)
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on Veliki Jastrebac (Serbia) and Biogradska Gora
(Montenegro), although according to the classification they belong to the same association and subassociations.
Jaccard's similarity index (0.38) shows that
among the studied stands there is great floristic
similarity, even though it is the same subassociations.
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dominance of beech trees in the tree layer.
In the spectrum of floral elements on both
studied sites, dominant species belong to Central
European floral element, which is an indicator that
the community develops in mesophilic conditions
of temperate zone. Other floral elements have a
similar representation, except for the elements of
the northern regions, which in Serbia accounted for
5%, while in Montenegro they are not recorded.
In the spectrum of life forms significant differences between the mountain beech stands in Serbia and Montenegro were observed. On the territory
of Serbia, phanerophytes are significantly more
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stands in Montenegro, geophytes are more numerous, early flourishing species, which is more than
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(Shannon-Wiener index) of ground flora layer
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reduce the value of the evenness index in the area
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!)!  ## #", whereas in Jastrebac, blackberry ())' &()') is known to reduce the evenness index value.
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lennia human wastes have been a resource to maintain soil fertility: well-known examples are those of
ancient China and the Roman “cloaca maxima” [3].
Even today in China one appreciated source of income from gas stations along the roads in some
country districts is the sale of toilet wastes [4]. Reusing wastewater for irrigation implies not only
problems for health of irrigators and consumers but
also long-term problems for the aquifer and soil
fertility [5, 6]. Problems can be posed by the presence of excess macro-and microelements and the
inability of soils to depurate sufficiently a heavy
load of pollutants. An excess in organic matter or in
Na cautions can bring about a sealing in pores, decay in the structure, a surface crusting; this in turn
makes oxygen exchanges more difficult and erosion
phenomena more dangerous, due to reduced water
infiltration and consequently enhanced overland
flow [7, 8].
Soil properties causing water holding and
movement in soils also directly or indirectly affect
nitrate leaching from soil. Nitrate leaching from
croplands to surface and groundwater is resulted
from mutual interactions of complex processes.
Magnitude and degree of nitrate leaching are affected by climate, flora, soil properties, fertilizing
and irrigation [9, 10]. Knox. and Moody [11], Cameron and Haynes [12] also reported that nitrogen
(N) loss by leaching is affected by season and climate, soil properties, planning and development,
irrigation, mineral and organic fertilizing. They
further concluded that 2 to 100 kg of nitrogen is lost
per hectare each year in this way. Nitrogen loss by
leaching depends on N concentration in soil profile
as well as soil texture, structure, organic matter
content, cation exchange capacity, water holding
characteristics and hydraulic conductivity [13, 14].
Fast and high N leaching may be expected in soils
with high infiltration rate, porosity and permeability
[11, 15]. There are loading rates from soil morphological descriptions for septic tank effluent [16],
sand filter effluent [17, 6] and estimated maximum
saturated hydraulic conductivity. It is worthwhile
reporting here some comments by Tyler and Converse [11]: “Maintaining unsaturated soil enhances
aeration and increases retention time. Since soil
characteristics are so variable, however, it is very

In this study, four soil types (clay (C), sand
(S), clay-sand mixture (SC), and calcareous loam
(CA)) in western Catania province, Italy were selected to observe their responses to treated
wastewater infiltration for 8 months. To investigate
their significance, reveal correlation between them
and develop appropriate models to represent reciprocal aspect of treated wastewater effect on soil and
soils on wastewater, obtained data were analyzed
thoroughly. Significant findings were attained
through the experiments. Firstly, the leaching action
of applied water at high-frequency made some elements’levels (nitrogen (N), phosphorus (P), potassium (K), sodium (Na)), and electrical conductivity
(EC) of the studied soil more desirable. Particularly, in calcareous soil, where EC was relatively high,
the level was reduced to about half the initial value
after treatment. Secondly, interaction between
leached wastewater and soils were discovered with
acceptable accuracy and some empirical models
were generated to investigate it. Detecting nitrogen
and sodium content after leaching was demonstrated as the most accurate model for drained water,
while determining variations in EC and organic
matter content was considered the best model for
soils. Through various chemical and physical parameters, the response of four soils to daily applications of treated wastewater about the rate of 2 L
day-1 was assessed. Three simple empirical models
representing alterations in soil nitrogen, EC and
organic matter with wastewater application were
investigated.
)(!#$
Wastewater, infiltration, nitrogen, phosphorus, potassium, organic matter
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Disposing of organic matter has always been a
necessity to mankind: pedologists have coined the
definition of “Plaggen Epipedon” [1] for those soils
derived from the anthropic action of distributing
wastes around primitive settlements [2]. For mil-
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1.52,*48978.9;2.:7/;1.:724
Soluble Cations
Soluble Anions
(meq L-1)
(meq L-1)
Ca
Mg
Na
K
Total
CO3
HCO3
Cl
SO4
CA
1.85
8.52
5.8
7.2
4.7
1.15
18.85
4.8
5.9
8.15
C
0.53
8.53
1.8
3.6
0.9
0.26
6.56
2.1
3.0
1.46
S
0.42
8.84
1.6
2.8
0.8
0.06
5.26
2.5
2.5
0.26
SC
0.52
8.40
1.8
3.2
0.75
0.13
5.88
2.4
2.5
0.98
*CA: calcareous loam; C: clay; S: sand; SC: mixture of clay and sand, ECe: electrical conductivity
Soil
type

ECe
(dS/m)

pH
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.;*24.--.:2067/9.842,*;.*4*@7<;7/.?8.925.6;
difficult to establish a loading rate based on this
Increasing loading rates when using wastewater that
are not likely to cause clogging will decrease
wastewater retention times in the soil is dependent
on never exceeding the design hydraulics or BOD
(Biological Oxygen Demand) and TSS (Total Suspended Solids) loading rate. Design and maintenance procedures must assure that only the highly
pretreated wastewater reach the soil. Reducing organic materials with wastewater pretreatment systems reduces soil pore plugging and has the potential for higher long-term infiltration or loading rates
higher loading rates, however, reduce the
wastewater retention time and therefore wastewater
treatment in soil”. Tyler and Converse [18] conclude stating that the mechanisms of clogging are
not completely understood (which is apparently a
euphemism); they say that the total organic load
seems to be less important concerning soil clogging
than the concentrations. Eutrophication is a process
by which organic mass of the lake increases, reaching in an advanced state of eutrophication prolific
and objectionable amounts. Traditionally, eutrophication has been associated with the income of inorganic nutrients (nitrogen phosphorus, carbon), their
excessive concentration in water and prolific algal
growth that have resulted from them. [19] Pinckney, [19], Cooke et al. [20], Likens [21] and Wetzel
[22] have also emphasized that eutrophication also
means a loss of volume by siltation and release of

Total
18.85
6.56
5.26
5.88



nutrients from sediments and by mineralization of
decaying organics present in the water body.
The present research was conducted to highlight several well-known aspects of wastewater
infiltration in various soils and their depurating
ability.

%#$ %!$
.:,928;276 7/ ;1. .?8.925.6; This experiment was conducted in the western part of the province Catania, in Caltagirone, during a period of 8
months. Four totally different kinds of soils were
selected to observe their response to treated
wastewater infiltration; clay (C), sand (S), mixture
of clay and sand (SC) and calcareous loam (CA).
Some chemical characteristics of the investigated
soils are given Table 1.
The soils were packed in lysimeters obtained
by PVC pipes with the outer diameter of 20 cm and
the height of 120 cm; such pipes were vertically
suspended and plugged at the lower end with one
perforated metal plate overlaid by a layer of gravel
250 mm thick, while the soil layer had the depth of
about 90 cm. They could freely drain into a plastic
tank. To avoid soil infiltration into the gravel a perforated plastic sheet was inserted at their interface
(Figure 1a). For each type of soil three replicates
were installed, plus a fourth lysimeter to be irrigat-
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good indicator of the soil salt content since it is the
only element that doesn’t undergo any changes. It is
known that its concentration reflects well the salt
content of the soil. Chloride determination is done
on volumetric basis using the silver nitrate (0.05N)
and potassium chromate (1%) as an indicator.
However, at the end of the experiment soil sampling was done at the different layers and saturation
paste was determined; then it has been sucked with
the Buckner funnels soil solution has been sucked
and analyzed for EC and Cl content Page et al. [26].

ed with freshwater as a control: this led to a total of
16 lysimeters (Figure 1b).
Treated wastewater (TW) and control freshwater (F) have been applied daily (with the exceptions of Saturdays and Sundays) at the rate of 2 L
day-1 lysimeter-1 in all the soils.
The soils were analyzed prior to the beginning
of the treatments and at the end of them. The initial
analysis was conducted on a single sample for every soil whereas at the end of the experiments PVC
pipes were cut to obtain undisturbed soil columns
and samples were taken at the depths of 0-10; 1030; 30-60 and 60-90 cm. Soil samples were air
dried crushed to pass a 2 mm sieve, and analyzed
for using hydrometers methods and for chemical
analysis (pH, electrical conductivity (EC), available
phosphorus (P). The available phosphorous was
determined following the Olsen method using molybdenum blue method and the amount of phosphorous was identified by the colorimeter of the Chapman type [23]. Total nitrogen has been measured by
the Kjeldhal method using an automatic steamdistilling unit. After distillation, the evolved nitrogen was received in 4% boric acid and the nitrogen
content was volumetrically estimated by titration
with H2SO4 in the presence of a specific nitrogen
indicator [24]. The total soluble salts were estimated in the soil saturation extract, cations and anions
were measured as follows. Soil pH determined in a
1:2.5 soil water (weight/volume) suspension, using
a Crison Basic20 pH meter. Electrical Conductivity
(EC) was measured using an EC meter; values were
reported in dS m-1. Carbonate (CO3) and Bicarbonate (HCO3) were estimated volumetrically by
titration with a standard solution of sulfuric acid,
using phenolphthalein and methyl orange as indicators, respectively. Calcium (Ca) and Magnesium
(Mg) were estimated by titration with the versenate
method, using ammonium purporate as an indicator
for calcium and eriochrome black T as an indicator
for Calcium and Magnesium (Ca, Mg) according to
Richards [25]. The Potassium and the Sodium were
determined using a flame photometer of the type
JENWAY PFP 7. Chlorine content: Chloride is a






















All the data resulting from the analysis as
above were elaborated in order to investigate their
significance, explore the correlation and work out
appropriate models to represent the twin aspect of
the impact of treated wastewater on the soils and
conversely that of the soils on the wastewater.
Data indicate that in the case of calcareous soil
which with the highest EC values (1.80 dS m-1)
TWW led to a notable reduction in the accumulated
salts in the soils, the decrease in EC values amounting to about 50 % of the initial values (Figure 2a).
In the case of leaching fresh water (FW), a further
reduction took place, bringing the soil EC to 0.6 dS
m-1 with respect to the other soils (clay, sand and
sandy clay) with an EC not exceeding 0.5 dS m-1,
the successive irrigation with TWW led to about a
40% increase in EC values with respect to the initial ones. On the other hand under the FW treatments the EC showed the lowest values, with a reduction amounting to approximately 30 % with
respect to the initial EC values. Data represented by
Figure 2b indicate that the pH of the soils slightly
increased under continuous irrigation with both FW
and TWW. In spite of some increase with respect to
the initial values, the pH of soils under irrigation
with both water sources maintained more or less the
initial values, without significant variations.
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TWW irrigated soils

FW irrigated soils

9,1
9
8,9
8,8
8,7
8,6
8,5
8,4
8,3
8,2
8,1
Calcareous

Clay



Sand

Sandy clay
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Figure 3 indicates that, within the whole soil
profile, the irrigation with TWW led to a slight increase in the total N content. However such increase was not the same when soil type was
changed. The maximum increase was observed in
the calcareous soil, followed by the sandy clay,
whereas the clay and sandy soil were the lowest in
this respect. Data also showed that under leaching
freshwater conditions the total N content showed
values very similar to that of the initial soil sample,
with the exception of the sandy soil where the
leaching action was more marked. It was of a special interest to characterize the N distribution ac-

cording to the different soil layers within the columns (Figure 4). Data indicate that N was homogeneously distributed in the different soil layers with
more or less similar values; this applied to all the
investigated soils.
Total phosphorus is reported in Figure 5. As a
general trend, under successive irrigation with
TWW there was a slight decrease in the P concentration of the soils. All the values were slightly
lower than in the initial and in the FW irrigated
soils.
As shown by Figure 6 the potassium content
in the calcareous soil was relatively high compared
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to the other soils: in such soil, after the leaching
practiced with FW and TWW, the portion of
leached K under TWW was slightly lower than that
observed under leaching with FW.
There are opposite results in the other soils,
where the accumulated K at the end of the leaching
practice was either the same or lower than that of


 

FW when TWW was applied. This observation
indicates that, when continuously irrigating with
TWW in the long term, the changes in both, anions
and cations will be affected by the physical and
chemical properties of the soil. The influence on
organic matter content of successive irrigation with
TWW in comparison with FW is shown in Figure 6.
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Soil type

CA
C
S
SC

FC
g g-1 %
18.63
36.73
5.79
20.8
18.63

% 
"1@:2,*48978.9;2.:7/;1.:724
Initial soil
End of the leaching
WP
AW
FC
WP
AW
g g-1 %
g g-1 %
g g-1 %
g g-1 %
g g-1 %
11.08
7.55
27.48
13.23
14.25
24.6
12.07
45.34
22.75
22.59
3.01
2.78
7.97
4.07
4.06
13.15
7.63
29.98
12.37
10.6
11.08
7.55
27.48
13.23
14.25

*

FC: Field capacity, Wilting point: WP, Available water: AW

The data indicated that in general continuous
irrigation led to an increase in organic matter content of the soils. This was more notable in the clay
soil, where the organic matter was increased by
nearly 50 % compared to the initial value, but it
was also the case of light-textured and coarse textured soils. In the case of the sandy soil, the increase in organic matter content depending on irrigation with TWW could play an important role in
the improvement of the soil structure and subsequently in the increase of the water holding capacity (Figure 7).
The data representing the field capacity, wilting point and available water (as a percentage by
weight) under initial conditions and after successive
leaching with treated sewage water are reported in
Table 2.
The data indicate that there was a notable increase in the available water at the end of successive leaching practices with TWW as compared to
the initial values, which demonstrates a beneficial
action of TWW on soil water holding capacity. The
available moisture as a percentage by weight at the
end of successive irrigation had values nearly double, compared to those recorded under the initial
conditions.
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The research reached a number of conclusions
which appear of some interest. It was possible to
appreciate the leaching action of high-frequency
applied water on some elements and its effects on
electrical conductivity, markedly when initial values were very low but reduced to about half the
initial value when it was relatively high, as in the
case of the calcareous soil. The interaction between
treated wastewater and soils were explored with the
possible accuracy, both in the impact of waters on
the soils and, conversely, on the effects on waters,
and some simple empirical models were developed.
The most accurate models which was possible to
work out for drained waters represent the amount of
leached N and Na; the best models for soils represent variations in EC and organic matter content.
Specifically, with reference to the stated objectives
it can be said:

(i) The response of four widely different soils
to daily applications of treated wastewater at the
rate of about 70 mm/day was assessed through a
variety of chemical and physical parameters.
(ii) Three simple empirical models representing variations in soil N, EC and organic matter depending on wastewater application were elaborated.
(iii) The depurating ability of the soils for the
added wastewater was assessed and three empirical
models were developed representing soil impact on
water EC, N, and Na.
(iv) Variations in soil characteristics along the
profile as affected by applied water were investigated.
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result in a reduction of seed size, crop yield and oil
contents [3].
Brassica has higher seed and oil yield potential
than other pulses. Its yield per unit area is very low as
compared to advanced countries of the world because
of growing out yielded species and improper use of nutrients management. In Pakistan brassica was cultivated over an area of 245 thousand hectares (ha) with
an annual production of 199 thousand tons with an average yield of 812 kg ha-1. In Khyber Pakhtunkhwa, it
was grown on about 17.7 thousand ha with production
of 7.4 thousand tons annually. The average yield of this
crop in Khyber Pakhtunkhwa was 418 kg ha-1 [4]. The
oil of conventional species contain high levels of
erucic acid and glucosinolates, which are considered
toxic for both human and animals health in addition to
its tart taste, it could not get an important place as an
oil crop [5]. Safe limits for these compounds have been
described, as less than 2 % erucic acid in oil and less
than 30 μ mol g-1 of glucosinolates in oil free meal [6].
Reduction in the above compounds by plant breeders
in Canada has made brassica the world’s third most
important vegetable oil, after soybean and palm oil [7].
These alterations in the oil and meal of brassica
changed it with the improvement of brassica as a
means of detecting the edible oil quality brassica from
high erucic acid. Extraction of seed oil is high, with
average oil content of 42% and a protein content of approximately 21% [8]. The brassica developed in Western Canadian breeding programme is low in erucic
acid and glucosinolate denoted `00' types. Brassica oil
has the lowest level of saturated and highest level of
mono and poly unsaturated fatty acid. It is known that
saturated fats tend to raise blood cholesterol level,
while mono and poly unsaturated fats have the ability
to reduce it. Thus brassica is helpful in heart disease as
it is now world third largest source of edible oil after
soybean and palm oil [9].
Pakistan is chronically deficient in the production
of edible oil and 70% of the country's requirements are
meet through imports costing huge amounts of foreign
exchange. Higher yield per unit area can be achieved
by high yielding species and adapting modern cultural
practices with better nutrients management. Nutrients
management of the soil on sustainable basis includes
fertilizer types, amounts, time and methods of their

An experiment to study the influence of sulphur
on nitrogen use efficiency, yield and quality of Brassica species was conducted at N D F, KPk Agricultural
University, Peshawar during rabi season 2012. The experiment was carried out in RCB design with split plot
arrangement, having three replications. Four nitrogen
levels two sulphur foliar application and three Brassica
species were used in the experiment. Combination of
N and S were allotted to main plots and species were
allotted to subplots. N application had a non-significant effect on all the studied parameters except 1000
grain weight, biological and grain yield, protein content and N-Use Efficiency. S foliar application significantly affected 1000 grain weight, biological and grain
yield, oil content, protein content and N-use efficiency.
1000 grain weight, biological and grain yield, oil content, protein content and N-use efficiency. N application at 100 kg ha-1 showed a significant increase in
grain yield. It is concluded that specie E12 fertilized
with 100 kg N affix to sulphur gave maximum grain
yield.



*(!$%
Brassica species, sulphur, nitrogen use efficiency, yield and
quality.
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Brassica commonly known as sarson belongs to
the family Cruciferae and genus  , is the oil
producing crop in Pakistan. It is generally refers to
   ,     and   
 [1]. The term rape is derived from the "Latin" word
"rapen" means turnip. Most of the species of  
have economic importance and all parts of the plant
contribute to their effectiveness. It is grown in rabi season in irrigated and barrani areas of Sindh, Punjab and
Khyber Pakhtunkhwa. Brassica is a rich source of oil
and protein and it contains more than 40% oil and 20%
protein [2]. Brassica grows best under relatively cool
temperatures up to flowering. After flowering it can
tolerate high temperature but heat and water stress may
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application. Proper amount and time of fertilizer application is considered a key to the collide crop [10]. It is
a well-established fact that inputs like improved variety, proper and balanced use of fertilizer has an effective role in increasing the yield of mustard crop. Maximum crop production can be achieved by improving
both crop variety and growing it in the adapted environment with balanced dose of fertilizer particularly
nitrogen and sulphur. Among the plant nutrients, nitrogen and sulphur play a very important role in crop
productivity [11]. Nitrogen a major limiting element
for plant growth because of its vulnerability to losses
is closely linked to control the vegetative growth of
plant and hence determine the fate of reproductive cycle and ultimately yield. Optimum level, time and
method of nitrogen application can significantly increase production per unit area. Because of the high
requirement of N by brassica than supplied by soil in
Pakistan, its suboptimal application level by farmers,
improver methods of application and application irrespective of critical stages of growth usually result in
poor crop growth and lower seed yield [10]. Sulfur
plays an important role in the chemical composition of
seed. Sulfur increases the percentage of oil content of
the seed [12]. It is an important soil fertility factor to
consider when growing sarson because of high requirement of S by brassica [13]. Sulfur is involved in
the synthesis of chlorophyll and is also required in cruciferae for the synthesis of explusive oil, which accumulates as glucosinolate [14]. Sulfur promotes vegetative growth, starch and grain formation [15]. Oil, protein, and glucosinolate content of brassica can be affected by S fertilization [16]. Significant augment in
oil contents, protein contents and seed yield of brassica
with sulphur application has been reported by [17].
In relation to climate change, the global warming
potential (GWP) of N2O is approximately 300 times
greater than that of carbon dioxide (CO2). N2O from
the nitrogen cycle dominates GWP from field crops,
contributing about 80%. Globally, the agricultural sector is the second largest contributor of greenhouse gas
emissions, at 17% of global emissions, vs. 31% for
electrical and heat generation and 15% for transportation [18]. Nitrogen fertilizer is estimated to account for
approximately one-third of total greenhouse gas emissions from agriculture. Furthermore, a large proportion
of applied nitrogen is not taken up by crops, often less
than 50% [19]. Although nitrogen not taken up by
growing plants can become bound within organic matrices within the soil, significant amounts can be lost
from the soil in gaseous form or leached in water [20].
Potential contamination of groundwater by nitrates,
which causes eutrophication and the pollution of
drinking water, is also a major concern in many parts
of the world [21].
Nitrogen is one of the important plant nutrients,
it is perpetually a limiting factor of plant growth and
yields. Sulphur in addition to its positive effect on nitrogen uptake also increase oil contents. Sulphur is affecting the yield, oil percentage and oil quality of

brassica. Nutrient stress can be a serious limiting factor
for crop production in irrigated as well as in dry land
agriculture. Keeping in view the importance of N and
S in brassica production, the present experiment was
carried out to study the response of brassica to nitrogen
and sulphur levels.
&$% &!%
The experiment entitled "Influence of sulphur on
nitrogen use efficiency, yield and quality of brassica
species" was conducted at New Developmental Farm,
Khyber Pakhtunkhwa Agricultural University Peshawar during rabi season 2012. The following treatments
were compared in the experiment.
Factor A: Nitrogen (kg ha-1)
N1 =
0
50
N2 =
N3 =
100
N4 =
150
Factor B: Sulphur (kg ha-1)
S1 =
0
S2 =
30
Factor C: Species
Sp1 =     (Var. E12)
Sp2 =     (Var. E10)
Sp3 =    (Var. Altex)
The experiment was carried out in randomized
complete block design with split plot arrangement having three replications. Combination of nitrogen and
sulphur were allotted to main plots and species to subplots. The crop was sown on 16th October 2012. Soil
analysis for nitrogen and sulfur were conducted before
sowing of the crop. The soil of the experimental field
was sandy loam, moderately calcareous, low in nitrogen (0.016%), low in organic matter (0.33%), low in
available sulfur (8.31 mg kg-1) and slightly alkaline
having a pH of 7.7.
A uniform seed rate of 5 kg ha-1 was used in all
plots planting manually through hand hoe. In each sub
plot there were 6 rows 3.5 m long and 0.45 m apart.
Basic quantity of phosphorus and potassium at the rate
of 60-60 kg ha-1 was applied in the form of triple super
phosphate and murate of potash before sowing at the
time of seedbed preparation. Nitrogen was applied in
the form of urea. Sulphur was applied as foliar spray in
two split pumps at flowering stage. The amount of ammonium sulfate was calculated to supply the required
level of S. Then the quantity of N supplied by the calculated amount of ammonium sulfate was calculated,
the remaining N was then supplied by urea. Thinning
was done at 20 days after sowing and a distance of 5
cm was maintained between plants. Weeds were removed manually. Crop was irrigated when needed.
The crop was harvested in the month of April. Data
were recorded on the following parameters.
1) Thousand grains weight
2) Biological yield
3) Grain yield
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grain weight from the minimum of 2.95 to the maximum of 3.22 g. Maximum 1000 grain weight (3.28 g)
was recorded in E12, while minimum (2.88 g) was
noted in Altex.
The interaction between NxS showed that brassica planted in control plots resulted in minimum 1000
grain weight (2.74 g) which increased with S application and maximum 1000 grain weight (3.37 g) was recorded in plots fertilized with 100 kg N ha-1. Brassica
specie E12 produced maximum 1000 grain weight
(3.38 g) fertilized with 100 kg N ha-1, while Altex produced minimum 1000 grain weight (2.61 g) in control
plots. SxSp interaction showed that E12 produced
maximum 1000 grain weight (3.31 g) with S application as compared to Altex (2.61 g) in control plots. The
combination of all the three factors NxSxSp indicated
that maximum 1000 grain weight (3.39 g) was recorded in E10 fertilized with 100 kg N ha-1 with S application. Minimum 1000 grain weight (2.27 g) was
noted in Altex sown in control plots where no N nor S
were applied.

4) Oil content
5) Protein content
6) N-use efficiency

"=:.0/@=0 1:= /,?, .:770.?4:9 For Thousand
grains weight randomly sample of 1000-seeds from the
sundried and clean seeds was taken from each treatment and their weight (g) was calculated with the help
of electronic balance. Biological yield (kg ha-1) was
recorded by selecting four central rows in each sub plot
which were harvested, dried and weighed. For grain
yield (kg ha-1) eight central rows from each sub-plot
were harvested, dried, threshed, cleaned and weighed.
Finally the grain yield per hectare was converted by
the formula:

Random seed samples from each plot were collected and analysed for percent oil content by FOSS
Routine Near Measurement System (35RP-3752F)
TR-3657-C Model 6500 at oilseed laboratory, Nuclear
Institute for Food and Agriculture, Peshawar. Protein
content was obtained by FOSS Routine Near Measurement System (35RP-3752F) TR-3657-C Model 6500,
at oilseed laboratory, Nuclear Institute for Food and
Agriculture, Peshawar and nitrogen use efficiency was
derived by the following formula;



4:7:24.,7C407/ Statistical analysis of the data
recorded in biological yield (kg ha-1) revealed that nitrogen (N), sulphur (S), species (Sp), NxS, NxSp and
NxSxSp significantly affected biological yield of brassica, while SxSp was non-significant (Table 2). Maximum biological yield (10590 kg ha-1) was recorded in
plots fertilized with 100 kg N, while minimum biological yield (8689 kg ha-1) was noted in control plots
where no N was applied. Sulphur application significantly increased biological yield from the minimum of
9403 to the maximum of 10222 kg ha-1. Maximum biological yield (10110 kg ha-1) was recorded in E12,
while minimum (9596 kg ha-1) was noted in Altex.
Nitrogen x sulphur interaction showed that brassica planted in control plots resulted in minimum biological yield (7978 kg ha-1) which increased with S application and maximum biological yield (11010 kg
ha-1) was recorded in plots fertilized with 100 kg N
ha-1. Brassica specie E12 produced maximum biological yield (10850 kg ha-1) fertilized with 100 kg N ha-1,
while Altex produced minimum biological yield (8050
kg ha-1) in control plots. SxSp interaction showed that
E12 produced maximum biological yield (10475 kg
ha-1) with S application as compared to Altex (9175 kg
ha-1) in control plots. The combined impact of NxSxSp
showed maximum biological yield of 11200 kg ha-1)
recorded in E12 fertilized with 100 kg N ha-1 with S
application. Minimum biological yield (7000 kg ha-1)
was noted in control plots sown with Altex without N
or S application.

=,49C407/ Data regarding grain yield (kg ha-1)
of brassica as affected by nitrogen (N) and sulphur (S)
are presented in Table 3. The data showed that N, S,



%?,?4>?4.,7,9,7C>4> The recorded data was analyzed statistically according to RCB design and upon
obtaining significant differences, least significant differences (LSD) test was employed [22].
)"$ &$%'&%
This chapter deals with the results obtained during the course of research project. The data was recorded for 1000 grain weight, biological yield, grain
yield, oil content, protein content and N-use efficiency.
The acquired results are described in the following paragraphs.
2=,49B0423? Table 1 exhibit the data on
1000 grain weight (g) of brassica as affected by nitrogen (N) and sulphur (S) application. The data showed
that N, S, species (Sp) and SxSp significantly affected
1000 grain weight, while the interactions NxS, NxSp
and NxSxSp were non-significant. Maximum 1000
grain weight (3.28 g) was recorded in plots fertilized
with 100 kg N, while minimum 1000 grain weight
(2.91 g) was noted in control plots where no N was applied. Sulphur application significantly increased 1000
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Sulphur (kg ha-1)

Species

0

E12
E10
Altex
E12
E10
Altex

30

0
30
E12
E10
Altex

0
3.10
2.87
2.27
3.23
3.03
2.95
2.74
3.07
3.17
2.95
2.61
2.91 c

Nitrogen (kg ha-1)
50
100
3.20
3.38
2.97
3.12
2.49
3.09
3.32
3.38
3.11
3.39
3.02
3.35
2.89
3.19
3.15
3.37
3.26
3.38
3.04
3.25
2.75
3.22
3.02 bc
3.28 a

Mean
LSD value for nitrogen at P≤0.05 = 0.15
LSD value for sulphur at P≤0.05 = 0.11
LSD value for species at P≤0.05 = 0.20
LSD value for S x Sp at P≤0.05 = 0.28
Mean in row and column followed by same letters are not significantly different (P≤0.05) using LSD test.

Mean
150
3.34
3.05
2.58
3.32
3.27
3.29
2.99
3.29
3.33
3.16
2.94
3.14 ab

3.25
3.00
2.61
3.31
3.20
3.15
2.95 b
3.22 a
3.28 a
3.10 a
2.88 b
-

& 

4:7:24.,7C407/623, :1-=,>>4.,>;0.40>,>,110.?0/-C>@7;3@=,9/94?=:209
Sulphur (kg ha-1)

Species

Nitrogen (kg ha-1)
50
100
9500
10500
9300
10200
8800
9800
10200
11200
10000
10900
9600
10930
9200
10170
9933
11010
9850
10850
9650
10550
9200
10370
9567 b
10590 a

0
150
0
E12
9000
10000
E10
7933
9700
Altex
7000
11100
30
E12
9700
10800
E10
9400
10400
Altex
9100
10433
0
7978
10270
30
9400
10540
E12
9350
10400
E10
8667
10050
Altex
8050
10767
Mean
8689 c
10410 a
LSD value for nitrogen at P≤0.05 =
326.7
LSD value for sulphur at P≤0.05 =
231.0
LSD value for species at P≤0.05 =
293.1
LSD value for S x N at P≤0.05 =
462.0
LSD value for N x Sp at P≤0.05 =
586.3
LSD value for S x N x Sp at P≤0.05 =
829.1
Mean in row and column followed by same letters are not significantly different (P≤0.05) using LSD test.

Mean
9750
9283
9175
10475
10175
10017
9403 b
10222 a
10110 a
9729 b
9596 b
-
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=,49C407/623, :1-=,>>4.,>;0.40>,>,110.?0/-C>@7;3@=,9/94?=:209
Sulphur (kg ha-1)

Nitrogen (kg ha-1)
0
50
100
150
0
E12
1583
1767
1867
1767
E10
1483
1577
1787
1687
Altex
1410
1453
1683
1548
30
E12
1933
1980
2167
2053
E10
1605
1700
1910
1800
Altex
1510
1615
1820
1720
0
1492
1599
1779
1667
30
1683
1765
1966
1858
E12
1758
1873
2017
1910
E10
1544
1638
1848
1743
Altex
1460
1534
1752
1634
Mean
1588 c
1682 b
1872 a
1763 b
LSD value for nitrogen at P≤0.05 =
87.38
LSD value for sulphur at P≤0.05 =
61.78
LSD value for species at P≤0.05 =
62.04
LSD value for S x Sp at P≤0.05 =
87.73
Mean in row and column followed by same letters are not significantly different (P≤0.05) using LSD test.
Species
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Mean
1746
1633
1524
2033
1754
1666
1634 b
1818 a
1890 a
1694 b
1595 c
-
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Altex (1524 kg ha-1) in control plots. The combined effect of NxSxSp showed that maximum grain yield
(21.67 kg ha-1) was recorded in E10 fertilized with 100
kg N ha-1 with S application. Minimum grain yield
(1410 kg ha-1) was noted in control plots sown with
Altex where no N nor S were applied.

!47.:9?09? Data pertaining to oil content (%) of
brassica are presented in Table 4. Statistical analysis of
the data showed that oil content was significantly affected by nitrogen (N) levels, sulphur (S) application
and species (Sp), while interactions NxS, NxSp, SxSp
and NxSxSp were non-significant. Mean values of the
data showed that increasing N significantly decreased
oil content. Maximum oil content (44.3%) was recorded in control plots, while minimum oil content was
noted in plots fertilized with 150 kg N ha-1. Sulphur
application significantly increased oil content (44.6%)
as compared to control plots (40.8%). Maximum oil
content (43.6%) was recorded in plots sown with E12
as compared to Altex (41.7%).

Species (Sp) and SxSp significantly affected grain
yield of brassica, while the interactions NxS, NxSp and
NxSxSp were non-significant. Maximum grain yield
(1872 kg ha-1) was recorded in plots fertilized with 100
kg N, while minimum grain yield (1588 kg ha-1) was
noted in control plots where no N was applied. Sulphur
application significantly increased grain yield from the
minimum of 1634 to the maximum of 1818 kg ha-1.
Maximum grain yield (1890 kg ha-1) was recorded in
E12, while minimum grain yield (1595 kg ha-1) was
noted in Altex.
The interaction between NxS showed that brassica planted in control plots resulted in minimum grain
yield (1492 kg ha-1) which increased with S application
and maximum grain yield (1966 kg ha-1) was recorded
in plots fertilized with 100 kg N ha-1. Brassica specie
E12 produced maximum grain yield (2017 kg ha-1) fertilized with 100 kg N ha-1, while Altex produced minimum grain yield (1460 kg ha-1) in control plots. SxSp
interaction showed that E12 produced maximum grain
yield (2033 kg ha-1) with S application as compared to

& 
!47.:9?09?:1-=,>>4.,>;0.40>,>,110.?0/-C>@7;3@=,9/94?=:209
Sulphur (kg ha-1)

Nitrogen (kg ha-1)
0
50
100
0
E12
42.4
41.7
41.3
E10
41.8
40.7
40.7
Altex
41.2
40.7
39.7
30
E12
47.3
45.4
45.8
E10
46.7
44.6
44.7
Altex
45.7
43.3
43.9
0
41.8
40.9
40.6
30
46.8
44.4
44.8
E12
45.2
43.5
43.6
E10
44.2
42.7
42.7
Altex
43.4
41.9
41.8
Mean
44.3 a
42.7 ab
42.7 ab
LSD value for nitrogen at P≤0.05 =
1.77
LSD value for sulphur at P≤0.05 =
1.25
LSD value for species at P≤0.05 =
0.56
Mean in row and column followed by same letters are not significantly different (P≤0.05) using LSD test.
Species

Mean
150
41.1
40.1
38.3
43.4
42.3
41.1
39.8
42.3
42.3
41.2
39.7
41.1 b

41.6
40.8
39.9
45.6
44.6
43.5
40.8 b
44.6 a
43.6 a
42.7 b
41.7 c
-
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"=:?049.:9?09?:1-=,>>4.,>;0.40>,>,110.?0/-C>@7;3@=,9/94?=:209
Sulphur (kg ha-1)

Nitrogen (kg ha-1)
0
50
100
0
E12
22.4
23.2
24.0
E10
21.3
22.1
23.4
Altex
19.4
20.9
21.9
30
E12
23.2
23.6
24.2
E10
22.7
23.2
24.0
Altex
22.0
22.8
23.8
0
21.0
22.1
23.1
30
22.6
23.2
24.0
E12
22.8
23.4
24.1
E10
22.0
22.7
23.7
Altex
20.7
21.8
22.8
Mean
21.8 c
22.6 bc
23.5 a
LSD value for nitrogen at P≤0.05 =
0.90
LSD value for sulphur at P≤0.05 =
0.64
LSD value for species at P≤0.05 =
0.60
LSD value for S x Sp at P≤0.05 =
0.85
Mean in row and column followed by same letters are not significantly different (P≤0.05) using LSD test.
Species
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Mean
150
23.5
22.4
21.5
24.2
23.9
23.6
22.5
23.9
23.9
23.2
22.6
23.2 ab

23.3
22.3
20.9
23.8
23.5
23.1
22.2 b
23.4 a
23.5 a
22.9 b
22.0 c
-
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@>00114.409.C:1-=,>>4.,>;0.40>,>,110.?0/-C>@7;3@=,9/94?=:209
Sulphur (kg ha-1)

Nitrogen (kg ha-1)
0
50
100
150
0
E12
2.80
2.90
3.03
3.00
E10
2.40
2.60
2.90
2.80
Altex
2.30
2.50
2.70
2.60
30
E12
2.93
3.00
3.23
3.13
E10
2.60
2.70
3.00
2.90
Altex
2.40
2.60
2.80
2.70
0
2.50
2.67
2.88
2.80
30
2.64
2.77
3.01
2.91
E12
2.87
2.95
3.13
3.07
E10
2.50
2.65
2.95
2.85
Altex
2.35
2.55
2.75
2.65
Mean
2.57 c
2.72 b
2.94 a
2.86 a
LSD value for nitrogen at P≤0.05 =
0.12
LSD value for sulphur at P≤0.05 =
0.08
LSD value for species at P≤0.05 =
0.17
Mean in row and column followed by same letters are not significantly different (P≤0.05) using LSD test.
Species

Mean
2.93
2.68
2.53
3.08
2.80
2.63
2.71 b
2.83 a
3.00 a
2.74 b
2.58 b
-


that maximum protein content (24.2%) was recorded
in E12 fertilized with 100 and 150 kg N ha-1 with S
application. Minimum protein content (19.4%) was
noted in Altex sown in control plots where no N nor S
were applied.

The interaction between NxS showed that brassica fertilized with 150 kg N ha-1 resulted in minimum
oil content (39.8%) which increased with S application
indicating maximum oil content (46.8%) in control
plots. The interaction between NxSp showed maximum oil content (45.2%) in control plots, while minimum oil content (39.7%) was recorded in Altex fertilized with 150 kg N ha-1. In case of SxSp interaction,
maximum oil content (45.6%) was noted in E12 with
S application as compared to Altex (39.9%) in control
plots. The interaction among NxSxSp revealed that S
application employed to E12 resulted in maximum oil
content (47.3%) without N application. Minimum oil
content (38.3%) was noted in Altex fertilized with 150
kg N ha-1 without S application.

"=:?049 .:9?09? Table 5 represent the data on
protein content (%) of brassica as affected by nitrogen
(N) and sulphur (S) application. The data showed that
N, S, species (Sp) and SxSp significantly affected protein content, while the interactions NxS, NxSp and
NxSxSp were non-significant. Maximum protein content (23.5%) was recorded in plots fertilized with 100
kg N, while minimum protein content (21.8%) was
noted in control plots where no N was applied. Sulphur
application significantly increased protein content
from the minimum of 22.2 to the maximum of 23.4%.
Maximum protein content (23.5%) was recorded in
E12, while minimum (22.0%) was noted in Altex.
The interaction between NxS showed that brassica planted in control plots resulted in minimum protein content (21.0%) which increased with S application and maximum protein content (24.0%) was recorded in plots fertilized with 100 kg N ha-1. Brassica
specie E12 produced maximum protein content
(24.1%) fertilized with 100 kg N ha-1, while Altex produced minimum protein content (20.7%) in control
plots. SxSp interaction showed that E12 produced
maximum protein content (238%) with S application
as compared to Altex (20.9%) in control plots. The
combination of all the three factors NxSxSp revealed

@>0 0114.409.C Data regarding N-use efficiency of brassica crop are presented in Table 6. Nitrogen (N) levels, sulphur (S) application and species (Sp)
showed significant differences for N-use efficiency in
brassica, while interactions NxS, NxSp, SxSp and
NxSxSp were non-significant. Maximum N-use efficiency (2.94%) was recorded in plots fertilized with
100 kg N, while minimum N-use efficiency (2.57%)
was noted in control plots where no N was applied.
Sulphur application significantly increased N-use efficiency (2.83%) as compared to control plots (2.71%).
Maximum N-use efficiency (3.00%) was recorded in
plots sown with E12 as compared to Altex (2.58%).
The interaction between NxS showed that brassica planted in control plots resulted in minimum Nuse efficiency (2.50%) which increased with increasing N rate and S application and maximum N-use efficiency (3.01%) was recorded with S application and
100 kg N ha-1. The interaction between NxSp showed
maximum N-use efficiency (3.13%) in E12 fertilized
with 100 kg N ha-1, while minimum N-use efficiency
(2.35%) was recorded in Altex sown in control plots.
SxSp interaction showed maximum N-use efficiency
(3.08%) in E12 with S application as compared to Altex (2.53%) in control plots. The combined effect of
NxSxSp revealed that S application employed to E12
resulted in maximum N-use efficiency (3.23%) receiving 100 kg N ha-1, while minimum N-use efficiency
(2.40%) was noted in Altex without N or S application.
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Maximum oil content was recorded in control plots in
comparison with minimum oil content noted in plots
fertilized with 150 kg N ha-1. Sulphur application significantly increased oil content. Maximum oil content
was recorded in plots sown with E12 as compared to
Altex. All the interactions showed negative impact on
oil content of brassica. These findings are in line with
[28] who observed a significant decrease in oil content
with increasing rates of fertilizer application (especially N) reflects an inverse relationship between oil
concentration and seed protein contents. Oil content in
brassica seed was increased by S and decreased by N
[29]. Maximum oil yield from the combined application of 40 kg S and 100 kg N ha-1[30]. Protein content
of brassica was significantly affected by nitrogen, sulphur and species. Maximum protein content was recorded in plots fertilized with 100 kg N ha-1 as compared to control plots. Sulphur application significantly increased protein content. These findings are
matching to [31] who stated that sulphur application
increased seed protein content at the high N rate. Maximum protein content was recorded in E12 as compared to Altex which produced minimum protein content. The interaction SxSp showed that E12 produced
maximum protein content with S application. Nitrogen, sulphur and species significantly affected N-use
efficiency in brassica. Maximum N-use efficiency was
recorded in plots fertilized with 100 kg N ha-1 as compared to control plots. Sulphur application significantly increased N-use efficiency. [32] reported that N
increase vegetative growth and S improve N use efficiency. Maximum N-use efficiency was recorded in
plots sown with E12 as compared to Altex which
showed minimum N-use efficiency.


! '%!  $! &! 

Thousand grain weight was significantly affected
by nitrogen, sulphur and species. Maximum 1000
grain weight was recorded in plots fertilized with 100
kg N as compared to control plots. Sulphur application
significantly increased 1000 grain weight. These results were confirmed by [23] who stated that 1000
grain weight was increased with the application of 30
to 50 kg S ha-1. 1000 seed weight increased with increasing levels of S application [24]. Maximum 1000
grain weight was recorded in E12 as compared to Altex which produced minimum grains. SxSp interaction
showed maximum 1000 grain weight in specie E12
with S application. Biological yield is an important
consideration for a crop. Table 2 revealed that biological yield was significantly affected by nitrogen, sulphur and species. All the interactions except SxSp
showed significant impact on biological yield. Maximum biological yield was recorded in plots fertilized
with 100 kg N as compared to control plots. The possible reason for increased biological yield may be due
to increasing N rates which increases vegetative
growth resulting in more photosynthesis which increases the growth and development of brassica and
thus resulted in the increased biological yield. Biological yield increased with increasing rate of N up to 150
kg N ha-1 [25]. Biological yield of brassica significantly
increased with increasing N rate up to 120 kg N ha-1
[26]. Sulphur application significantly increased biological yield. The increase in biological yield with the
increase in S application may be due to the positive response of brassica to applied sulfur. Increase in biological yield with S application may be due to the fact that
S boost up vegetative growth, starch and grain formation [15]. Maximum biological yield was recorded
in E12 as compared to Altex which produced minimum biological yield. Grain yield is a final function of
integrated impact of all individual genetic makeup of
fertilizer applications during the growth period. Nitrogen and sulphur application along with species significantly affected the grain yield of brassica. Table 12
showed that maximum grain yield was recorded in
plots fertilized with 100 kg N ha-1 as compared to control plots. The expand in grain yield with the elevated
N and S levels could be the aftermath of the increase
in yield components like branches, pods plant-1 and
seeds pod-1. Sulphur application significantly increased grain yield. These results are in line with [27]
who stated that maximum seed yield was obtained
from 120 kg N ha-1. This statement was confirmed by
[23] who stated that maximum seed yield was obtained
from 40 to 50 kg S ha-1. Maximum grain yield was recorded in E12 as compared to Altex which produced
minimum grain yield. The interaction SxSp showed
that E12 produced maximum grain yield with S application as compared to Altex in control plots.
Oil content of brassica was significantly affected
by nitrogen, sulphur and species. The data showed that
increasing N significantly decreased oil content.

The results indicate that nitrogen application at
the rate of 100 kg N ha-1 produced highest grain yield
(1872 kg ha-1). Nitrogen application of 150 kg N ha-1
ranked second in grain yield. Sulphur application at the
rate of 30 kg S ha-1 produced higher grain yield of 1818
kg ha-1. Brassica specie E12 gave highest grain yield
(1890 kg ha-1) as compared to lowest grain yield (1595
kg ha-1) from Altex. Oil content decreased and protein
content increased with nitrogen application at the rate
of 100 kg N ha-1. It is revealed that brassica specie E12
fertilized with 100 kg N ha-1 in addition to sulphur application at the rate of 30 kg S ha-1 as foliar application
is recommended for better grain yield.
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sewage sludge were detected within a range of
0.033-36.7 μg/g TS in Canada, 30–330 μg/g TS in
Germany, and about 28.3 µg/g TS in China [9,10]. It
has been reported that BPA has acute toxicity towards aquatic organisms within the range of 9.1-91.3
µg/L and it has estrogenic toxicity towards humans
within the range of 22.8-2282.9 µg/L [11, 12].
Metabonomics is an quantitative measurement
method in researching dynamic multiparametric responses of biology systems with the stimulation and
disturbance from environment [13]. It is one of the
most important strategies focusing on exploring the
connection between the changes of metabolic patterns and various phenomenon of life based on molecular level, and it has been widely applied in many
scientific fields [14]. There have been many kinds of
methods in profiling metabolites with high accuracy
and sensitivity in recent years. Among them gas
chromatography-mass spectrometry (GC-MS) is the
most mature method in profiling plant metabolites
due to its advantages of analyzing the compounds of
amino acids, sugars, organic acids, fatty acids and
other small molecules [15, 16].
Root exudation, released into the growth matrix
via the root, is a collective name of organic matter,
as well as a secondary compounds which can counteract infection and stimulation, or enhance its resistance [17, 18]. Biotransformation and biodegradation are the main mechanisms to restore the chemical
pollutant. And root exudations, released under the
stimulation, have the ability to stimulate microbial
activity by accelerating microbial transformation
and degradation [19]. The functions of root exudations in phytoremediation have been well known.
Some recent studies have attempted to elucidate the
roles of root exudations [20]. And other studies have
discussed the changes of specific compounds under
different environments such as phenolic compounds,
sugars or dissolved organic carbon (DOC) [21, 22].
However, the specific composition and variation of
root exudations under the stimulation from endocrine-disrupting chemical in wetland plants were
rarely revealed.

In order to explore the chemical compounds
root exudations in relationship to the Bisphenol A
stimulation, the plants of reed and cattail were cultured under 0 mg/L and 20 mg/L BPA for 3 and 6
days. Including sugars, organic acids, amino acids
and alcohols, 76 kinds of compounds were detected
in the root exudations of reed and cattail by gas chromatography-mass spectrometry (GC-MS). Then the
analysis results of principal component analysis
(PCA) and orthogonal partial least-squares discrimination analysis (OPLS-DA) indicated that the quantity or composition of root exudations released from
reed and cattail at different BPA stimulation levels
and culturing time were obviously different. In order
to further find the potential biomarkers of reed and
cattail in root exudations, combining with OPLS-DA
loading plots, the variable importance for the projection (VIP>1) and the analysis of variance (ANOVA,
p < 0.05) were applied as the limiting conditions. 14
and 12 compounds were identified as the potential
biomarkers in the root exudations of reed and cattail,
separately.



)' "#
Metabonomics, root exudations, bisphenol A, biomarkers,
reed and cattail

$" %$ 
Bisphenol A [BPA, 2, 2-bis (4-hydroxyphenyl)
propane], as an endocrine-disrupting chemical, is an
ubiquitous pollutant in environments. BPA, which
used in industry for synthesizing polycarbonates and
epoxy resins, were widely used for making plastics,
such as food/drink packaging material and baby bottles [1, 2]. BPA is frequently found in waters, leachates, sewage sludge and sediments [3, 4]. The concentrations of BPA in surface water samples were detected within a range from nondetectable value to
12µg/L [5, 5]. In hazardous waste landfill leachates,
BPA concentrations ranged from 1.3 to 17200 µg/L
[7,8]. And the concentrations of BPA in municipal
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were adjusted to 230ºC, 250ºC and 210ºC, respectively. The gas flow rate was 1 mL/min, the column
temperature was kept at 70 ºC for 1 min, ramped up
to 76ºC in 6 min, then ramped up to 330ºC in 50 min
and kept for 10 min. The column was then introduced into an ion trap mass spectrometer. Mass spectra were recorded at 2 scans s-1 with m/z 50-600
scanning range. The softwares, including AMDIS
(Automatic mass spectral deconvolution and identification system) and MET-IDEA (Metabolomics
Ion-based Data Extraction Algorithm), were used to
analyze GC-MS chromatogram. The compounds
were identified by comparing with the database
(Fiehn Library and NIST05, similarity70%).

!5+7<;+7.-=5<=:+5-87.3<387;The reed and
cattail were selected with the healthy and uniform
root. Then the roots were cultured by 0.5 strength
Hoagland’s nutrient solution (945 mg/L
Ca(NO3)2·4H2O, 506 mg/L KNO3, 80 mg/L
NH3NO3, 136 mg/L KH2PO4, 493 mg/L MgSO4,
27.8 mg/L FeSO4·7H2O, 37.3 mg/L NaEDTA) in laboratory without light for 3 months. The nutrient solution was renewed every 3 days and its pH was adjusted to 6.5 with 0.1 mol/L NaOH or HCl. After the
roots were cultured successfully, the healthy growth
and uniform plants were transplanted into 500mL
sterile bottles with nutrient solution for pre-culture
about 10 days until the plants grew stably. The environment temperature was kept between 18°C and
26°C during these periods, and the environment light
was natural light. The cultured plants were transplanted into 40 sterile bottles containing 500mL nutrient solution, one plant in each bottle, which means
that the 20 bottles were planted with reed, and the
others were cattail. For reed test, 10 bottles were
used as controlled experiments, of which 5 bottles
were sampled after cultured 3 days and 5 bottles
were sampled after cultured 6 days. And the left 10
bottles were treated by 500mL BPA (20 mg/L), of
which 5 bottles were sampled after cultured 3 days
and 5 bottles were sampled after cultured 6 days. Do
the same for cattail test.

#<+<3;<3-+5 +7+5A;/; The final results of GCMS analysis were exported in the form of excel table.
The peak areas which representing the identified
compounds were normalized. Then the software,
Soft independent modelling of class analogy
(SIMCA), was used to analyze the results. Principal
component analysis (PCA) and orthogonal partial
least-squares discrimination analysis (OPLS-DA)
were applied to explain the different distribution of
samples under different culture condition. The biomarkers of root exudations were identified according to loading plots, VIP (the compound is most
likely the biomarker, if VIP >1.0) and analysis of
variance (ANOVA).
"#%$##%## 

#+7+5A;3;According to the analysis of
the GC-MS peaks, 76 compounds were detected (Table 1). The compounds included a series of low molecular weight sugars (e.g. ribose, fructose, mannose), organic acids (e.g. malic acid, succinic acid),
amino acids (e.g. l-valine, l-tyrosine, l-alanine), alcohols (e.g. xylitol, glucitol, inositol), and some
small molecules such as oleic acid, hexadecanoic
acid and dehydroabietic acid. 64 compounds were
detected in reed. 58compounds were detected in cattail.

$2/ +7+5A;3; 80 3./7<303/. :88< /@=.+<387;
After the 76 compounds had been detected by GCMS, the SIMCA-P Software was applied to transform the data to PCA and OPLS-DA plots. As shown
in Fig. 1(a), principal components analysis (PCA) indicated that the reed samples exhibited the different
distribution with the different treatment. However,
the spots with 6 days treatments were not clarified
well. In order to better clarify the data of 6 days treatment, the data were further analyzed by OPLS-DA,
as shown in Fig. 1(b). The spots for 6 days treatment
are a little more scattering than that shown in Fig.
1(a), especially for 3 days treatments, and almost the
same for the 6 days treatment.


855/-<387 80 :88< /@=.+<387; The cultured
plants were washed with distilled water for 3 times
and washed with sterile water for 3 to 5 times again,
then the plants were transplanted into 100mL sterile
bottles with 50mL Milli-Q water for 6 hours to collect root exudations. After that, 10mL of Milli-Q water with root exudations taken from above sterile bottle was frozen by ultra-low temperature freezers at 80 and then freeze-dried by vacuum freeze drying
system for 2 days. The dried residue was resuspended in 50mL ultra-pure water and freeze-dried
again. Then the root exudations were extracted by 10
mL ice-cooled CH3OH and blown to dryness by nitrogen purging instrument. Ultimately, the root exudations were reconstituted in 1 mL of n-hexane for
the GC-MS analysis. 
# +7+5A;3; The samples were derivatized by 40 µL methoxyamine hydrochloride (20
mg/mL in pyridine at 37ºC for 2 hours) and 70 µL
methyl-trimethyl-silyl-trifluoroacetamide (MSTFA,
at 37ºC for 0.5 hours). Then the 1 µL derivatized
sample was injected into the gas chromatograph in
splitless mode. 
The process of GC analysis was carried out on
a TR-5MS with integrated guard column
(30m×0.25µm, 0.25mm, Thermo Fisher, USA). The
injection, interface and ion-source temperatures
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Reed
ID

Identity

1 Propanoic acid
2 Acetic acid
3 L-Alanine
4 L-Glycine
5 Butanoic acid
6 5-Heptenoic acid
7 Hexanoic acid
8 Pentadecanoic acid
9 Heptanoic acid
10 Octanoic acid
11 L-Leucine
12 L-Proline
13 Butanedioic acid
14 2-Butenedioic acid
15 Nonanoic acid
16 l-Fucose
17 L-threonine
18 Malic acid
19 Aspartic acid
20 Dodecanoic acid
21 Mannonic acid
22 D-Ribose
23 Levoglucosan
24 Xylitol
25 Azelaic acid
26 D-Fructose
27 Phthalic acid
28 D-Mannose
29 Glucitol
30 Inositol
31 D-Glucopyranose
32 D-Gluconic acid
33 Hexadecanoic acid
34 Benzeneacetic acid
35 Heptadecanoic acid
36 Oleic acid
37 Octadecanoic acid
38 D-galactopyranoside
39 Dehydroabietic acid
40 D-Turanose
41 Lactose
42 Sitosterol
43 Benzoic acid
44 Ethanedioic acid
45 Erythrose
46 L-Isoleucine
47 Propanedioic acid
48 Gulose
49 Decanoic acid
50 Succinic acid
51 Hexanedioic acid
52 D-Xylose
53 Ribitol
54 D-Glucose
55 D-Glucitol
56 Palmitelaidic acid
57 Phosphoric acid
58 D-Mannopyranoside
59 DL-Lyxopyranose
60 Tetradecanoic acid
61 Benzenepropanoic acid
62 D-Ribopyranose
63 Hydrocinnamic acid
64 Arachidonic acid
65 DL-Arabinofuranose
66 Pentitol
67 L-Lysine
68 L-Tyrosine
69 D-Ribofuranoside
70 Arabitol
71 Benzenebutanoic acid
72 L-Serine
73 L-Galactofuranose
74 L-Valine
75 DL-Lyxofuranoside
76 Maltose

3 Days
CON
0.45±0.13
0.05±0.01
0.29±0.07
0.05±0.02
0.49±0.15
0.00±0.00
0.04±0.02
0.00±0.00
0.00±0.00
0.00±0.00
0.34±0.48
0.00±0.00
0.10±0.14
0.00±0.00
0.00±0.00
0.00±0.00
0.16±0.09
0.20±0.13
0.88±0.40
0.39±0.20
0.00±0.00
0.11±0.05
0.00±0.00
0.24±0.43
0.18±0.09
0.28±0.40
0.15±0.06
0.00±0.00
0.00±0.00
0.30±0.15
4.27±0.30
0.27±0.40
1.77±0.63
0.19±0.14
0.00±0.00
0.26±0.11
0.00±0.00
0.00±0.00
0.16±0.10
2.39±0.44
0.00±0.00
0.37±0.37
0.02±0.01
0.15±0.09
0.06±0.04
0.27±0.09
0.05±0.03
0.50±0.14
0.01±0.01
0.03±0.01
0.12±0.05
0.40±0.07
0.18±0.07
2.69±0.71
0.21±0.14
0.16±0.07
0.37±0.07
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.15±0.04
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00

+BPA
0.07±0.00
0.01±0.00
0.05±0.00
0.01±0.00
0.08±0.00
0.03±0.01
0.01±0.00
0.02±0.00
0.03±0.01
0.01±0.00
0.06±0.00
0.12±0.06
0.01±0.00
0.00±0.00
0.02±0.00
0.07±0.04
0.04±0.00
0.04±0.00
0.15±0.01
0.12±0.00
0.09±0.05
0.14±0.01
0.32±0.41
0.09±0.00
0.18±0.00
1.06±0.37
0.36±0.14
1.49±0.99
0.16±0.00
0.18±0.01
3.65±0.79
0.48±0.40
1.70±0.01
0.30±0.00
0.45±0.36
0.17±0.00
1.52±0.34
0.35±0.03
0.70±0.58
0.57±0.15
0.95±0.42
1.25±0.53
0.32±0.01
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00

Cattail
6 Days

CON
0.68±0.54
0.00±0.00
0.53±0.44
0.15±0.12
1.13±0.44
0.00±0.00
0.12±0.55
0.50±0.66
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.56±0.38
0.00±0.00
0.02±0.03
0.00±0.00
0.00±0.00
0.11±0.12
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.87±0.79
1.22±0.81
0.46±0.50
0.00±0.00
0.45±0.55
0.54±0.46
0.00±0.00
1.38±0.74
0.00±0.00
0.61±0.63
0.32±0.40
1.05±0.91
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
1.84±0.99
0.36±0.97
0.00±0.00
0.00±0.00
0.08±0.13
0.00±0.00
0.00±0.00
0.02±0.03
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.32±0.24
0.00±0.00
0.03±0.03
0.10±0.17
0.48±0.25
0.17±0.13
0.00±0.00
0.12±0.09
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00

+BPA
0.79±0.62
0.00±0.00
0.24±0.38
0.15±0.16
0.18±0.25
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.21±0.32
0.22±0.35
0.32±0.42
0.00±0.00
0.00±0.00
0.49±0.45
0.21±0.05
0.00±0.00
1.79±0.80
0.23±0.34
0.00±0.00
0.00±0.00
0.94±0.72
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.40±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.04±0.00
0.00±0.00
0.00±0.00
0.20±0.20
0.11±0.09
0.00±0.00
0.27±0.38
0.00±0.00
0.04±0.02
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00

3 Days
CON
0.54±0.44
0.02±0.01
0.29±0.26
0.19±0.38
2.63±0.46
0.00±0.00
0.00±0.00
0.03±0.01
0.00±0.00
0.00±0.00
0.27±0.24
0.22±0.18
0.49±0.45
0.01±0.00
0.02±0.02
0.35±0.37
0.09±0.00
0.17±0.27
0.14±0.02
0.23±0.27
0.00±0.00
0.00±0.00
0.26±0.42
0.20±0.09
0.00±0.00
0.30±0.40
1.38±0.53
1.03±0.55
0.00±0.00
0.39±0.37
0.17±0.01
0.00±0.00
1.38±0.45
0.54±0.68
0.00±0.00
0.35±0.27
0.84±0.02
0.78±0.51
0.00±0.00
0.74±0.52
0.00±0.00
1.05±0.83
0.33±0.01
0.00±0.00
0.00±0.00
0.36±0.35
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.13±0.00
0.05±0.00
0.00±0.00
0.38±0.00
0.23±0.02
0.39±0.40
0.00±0.00
0.00±0.00
0.17±0.02
0.00±0.00
0.20±0.01
0.00±0.00
0.10±0.07
0.07±0.02
0.13±0.01
0.69±0.50
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00

+BPA
0.14±0.18
0.22±0.40
0.38±0.36
0.02±0.00
0.32±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.16±0.01
0.00±0.00
0.04±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.20±0.31
0.00±0.00
0.00±0.00
0.16±0.21
0.00±0.00
0.00±0.00
0.03±0.00
0.00±0.00
0.17±0.36
1.51±0.48
0.34±0.04
0.39±0.02
0.00±0.00
0.44±0.33
0.41±0.27
0.00±0.00
2.67±0.52
0.00±0.00
0.14±0.14
0.33±0.38
1.53±0.44
0.11±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.28±0.01
0.39±0.22
0.00±0.00
0.00±0.00
0.28±0.33
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.37±0.27
0.28±0.27
0.00±0.00
0.00±0.00
0.84±0.30
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.04±0.00
0.09±0.14
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00

6 Days
CON
+BPA
1.67±0.39
0.27±0.00
0.00±0.00
0.00±0.000
0.45±0.38
0.31±0.39
0.06±0.03
0.00±0.00
0.18±0.02
1.42±0.16
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.24±0.37
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.33±0.36
0.29±0.35
0.00±0.00
0.00±0.00
0.83±0.75
0.00±0.00
0.00±0.00
0.00±0.00
0.16±0.27
0.00±0.00
0.00±0.00
0.00±0.00
0.23±0.41
0.27±0.36
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.32±0.49
0.26±0.36
0.00±0.00
0.00±0.00
0.00±0.00
0.08±0.00
0.00±0.00
0.00±0.00
0.38±0.50
0.41±0.35
0.00±0.00
0.00±0.00
0.37±0.45
0.44±0.33
0.70±0.34
1.72±0.39
0.08±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.34±0.38
0.34±0.45
0.40±0.46
0.61±0.30
0.00±0.00
0.00±0.00
3.38±0.46
1.36±0.45
0.36±0.41
0.42±0.43
0.00±0.00
0.00±0.00
0.00±0.00
0.27±0.39
1.29±0.52
1.51±0.29
0.00±0.00
0.16±0.20
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.61±0.56
1.65±0.40
0.57±0.43
0.63±0.27
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.27±0.33
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.02±0.01
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.23±0.38
0.53±0.27
0.00±0.00
0.00±0.00
0.00±0.00
0.36±0.41
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.36±0.45
0.00±0.00
0.42±0.38
0.00±0.00
0.00±0.00
0.61±0.36
0.62±0.24
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.43±0.53
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.19±0.340
0.00±0.00
0.15±0.310
0.00±0.00
0.00±0.000
0.56±0.49
0.00±0.000
0.00±0.00
0.00±0.000
0.00±0.00
0.00±0.000
1.54±0.29
0.75±0.000
0.28±0.40
0.12±0.000
0.01±0.00
0.00±0.000
0.00±0.00
0.28±0.000
0.00±0.00
0.15±0.000
0.00±0.00
0.36±0.020

Note: The peak area values were average and were normalized according to the ratio of the peak area with the form of mean±standard deviation.
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Note: plots
denotes 0 mg/L BPA treatment for 3 days, denotes 20mg/L BPA treatment for 3 days,
ment for 6 days,
denotes 20 mg/L BPA treatment for 6 days.

denotes 0 mg/L BPA treat-
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denotes 0mg/L BPA treatment for 3 days, denotes 20mg/L BPA treatment for 3 days,
ment for 6 days,
denotes 20 mg/L BPA treatment for 6 days.

denotes 0 mg/L BPA treat-
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and x-axis denote the root exudations variable,

and y-axis denote the group variable.
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and x-axis denote the root exudations variable,



and y-axis denote the group variable.
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3 Days
6 Days
CON
+BPA
CON
+BPA
31
D-Glucopyranose
3.05
4.27±0.30
3.65±0.79
0.54±0.46
0.21±0.05
54
D-Glucose
2.29
2.69±0.71
0.00±0.00
0.00±0.00
0.00±0.00
42
Sitosterol
2.13
0.37±0.37
1.25±0.53
1.84±0.99
0.00±0.00
40
D-Turanose
2.11
2.39±0.44
0.57±0.15
0.00±0.00
0.00±0.00
28
D-Mannose
1.91
0.00±0.00
1.49±0.99
0.46±0.50
0.00±0.00
37
Octadecanoic acid
1.62
0.00±0.00
1.52±0.34
1.05±0.91
0.94±0.72
9
Heptanoic acid
1.55
0.00±0.00
0.03±0.01
0.00±0.00
0.00±0.00
5
Butanoic acid
1.51
0.49±0.15
0.08±0.00
1.13±0.44
0.18±0.25
41
Lactose
1.48
0.00±0.00
0.95±0.42
0.00±0.00
0.00±0.00
39
Dehydroabietic acid
1.30
0.16±0.10
0.70±0.58
0.00±0.00
0.00±0.00
19
Aspartic acid
1.28
0.88±0.40
0.15±0.01
0.00±0.00
0.00±0.00
15
Nonanoic acid
1.19
0.00±0.00
0.02±0.00
0.56±0.38
0.00±0.00
8
Pentadecanoic acid
1.18
0.00±0.00
0.02±0.00
0.50±0.66
0.00±0.00
48
Gulose
1.01
0.50±0.14
0.00±0.00
0.00±0.00
0.00±0.00
Note: Values are normalized according to the ratio of the peak area of the compounds which has the same retention time among
the different treatments, mean ± standard deviation.
ID

Identity

VIP

$ 
$2/98</7<3+5,386+:4/:;37:88</@=.+<387;80-+<<+357 

3 Days
6 Days
CON
+BPA
CON
+BPA
5
Butanoic acid
2.12
2.63±0.46
0.32±0.00
0.18±0.02
1.42±0.16
1
Propanoic acid
2.00
0.54±0.44
0.14±0.18
1.67±0.39
0.27±0.00
71
Benzenebutanoic acid
1.94
0.00±0.00
0.00±0.00
1.54±0.29
0.75±0.00
54
D-Glucose
1.91
0.05±0.00
0.00±0.00
0.00±0.00
0.36±0.41
33
Hexadecanoic acid
1.84
1.38±0.45
2.67±0.52
3.38±0.46
1.36±0.45
26
D-Fructose
1.66
0.30±0.40
1.51±0.48
0.37±0.45
0.44±0.33
68
L-Tyrosine
1.33
0.69±0.50
0.00±0.00
0.56±0.49
0.00±0.00
23
Levoglucosan
1.23
0.26±0.42
0.03±0.00
0.00±0.00
0.00±0.00
60
Tetradecanoic acid
1.21
0.00±0.00
0.84±0.30
0.61±0.36
0.62±0.24
38
D-galactopyranoside
1.17
0.78±0.51
0.11±0.00
0.00±0.00
0.16±0.20
40
D-Turanose
1.13
0.74±0.52
0.00±0.00
0.00±0.00
0.00±0.00
52
D-Xylose
1.01
0.00±0.00
0.00±0.00
0.23±0.38
0.53±0.27
Note: Values are normalized according to the ratio of the peak area of the compounds which has the same retention time among
the different treatments, mean ± standard deviation.
ID

Identity

VIP

The data of cattail were processed by PCA and
transformed to the Fig. 2(a). As shown in Fig. 2(a),
the spots distribution was loose with different treatment. The data formed the relative separate groups.
The groups with 0 mg/L BPA treatment for 3 days
were far away from the other three groups. OPLSDA was applied to further reveal the differences
among the four groups and significant variation. As
shown in Fig. 2(b), the perfect clustering trend
among the different group samples were obtained.
The result of Fig. 1 and Fig. 2 indicated that the
data corresponding to the samples cultured under the
same conditions could be obviously gathered together, and also the data corresponding to the samples cultured under different conditions could be significantly distinguished. At the same time, the results
of OPLS-DA indicated that the quantity or composition of root exudations released from reed and cattail
under different BPA exposed levels and culture time
were obviously different.
The OPLS-DA loading plots and VIP plots of
reed and cattail were shown in Fig. 3 and Fig. 4, respectively. In the figure, one point represented one
compound, if a point was far away from the origin

point, the compounds might be the potential biomarker. In order to find the potential biomarkers of
reed and cattail in root exudations, combining with
OPLS-DA loading plots, the VIP (VIP >1) and the
analysis of variance (ANOVA, p < 0.05) were applied as the limiting conditions. Ultimately, there
were 14 characteristic potential biomarkers in root
exudations of reed and 12 potential biomarkers of
cattail, the detail of these biomarkers were listed in
Table 2 and Table 3.


 %# #
The metabonomics based on GC-MS was used
to analyze the variation of root exudations of reed
and cattail with or without BPA treatment. After the
76 compounds were identified by OPLS-DA analysis and anova analysis, 14 and 12 potential biomarkers were found in the root exudations of reed
and cattail separately. The major biomarkers of reed
in a descending order were D-Glucopyranose, D-
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Glucose, Sitosterol, D-Turanose, D-Mannose, Octadecanoic acid, Heptanoic acid, Butanoic acid, Lactose, Dehydroabietic acid, Aspartic acid, Nonanoic
acid, Pentadecanoic acid and Gulose. And the major
biomarkers of cattail were Butanoic aci, Propanoic
acid, Benzenebutanoic acid, D-Glucose, Hexadecanoic acid, D-Fructose, L-Tyrosine, Levoglucosan,
Tetradecanoic acid, D-galactopyranoside, D-Turanose and D-Xylose. The changes of identified metabolites could lay a foundation of understanding the
mechanism of reed and cattail to tolerance or biodegrade the endocrine-disrupting chemical BPA.
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Based on a multi-target geochemical investigation of Hebei Province, 219 representative pairs of
corn seed and root soil samples were selected from
agricultural soils on the Taihang Mountains’ front
plain. We analyzed the effective distribution of
heavy metals in root soil and the bioavailability of
and factors influencing heavy metals in corn seeds.
The results showed that Cd had the highest ratio of
available and potential effective states, indicating
that it had the highest potential for migration, transformation, and harm. Its migration coefficient was
far greater than of the Pb, Cr, Hg, and As coefficients,
showing potential for migration and harm to the environment. The residual states and total amounts of
As, Hg, Cd, and Cr had significant correlations, indicating that the total amount of each heavy metal
was an important factor affecting the heavy metal
form in root soil. Soil pH increased the proportion of
Cd, Cr, and Pb’s ion-exchange state, which directly
led to the increase of Cd, Cr, and Pb in crops. The
soil was weakly alkaline, which can effectively reduce the absorption of Cd, Cr, and Pb in crops. Soil
organic carbon affected the accumulation of heavy
metals. The ion-exchange state of As had a positive
correlation with organic carbon, unlike other heavy
metals. The ratio of Cr, Cd, As, Hg, and Pb’s watersoluble and ion-exchangeable states to the total
amount of each heavy metal decreased slightly with
the increase in the clay content. This shows that the
clay surface absorbed some heavy metal ions, which
can influence the geochemical behavior of heavy
metals.

 %#!&%!

Heavy metals enter the soil through a series of
physical and chemical changes and are absorbed by
plant roots, causing the content of heavy metals in
crops to exceed acceptable standards and endanger
human health [1-4]. The study of the bioavailability
of heavy metals can reveal heavy metal activity, migration and transformation, and possible environmental effects, thus predicting long-term changes in
heavy metals and environmental risks [5-7]. Therefore, studying the bioavailability of soil heavy metals and the influencing factors is important for rectifying heavy metal pollution of crops.
In general, the total amount of heavy metals can
be used as an indicator of the degree of environmental pollution [7-8], but it cannot accurately reflect potential ecological hazards because heavy metal elements exist in different forms. Different forms have
different environmental actions and ecological effects [5, 9, 10]. Morphological characteristics can reflect biological effectiveness. The bioavailability of
heavy metals is a direct method for evaluating the
toxicity of heavy metals. The form of heavy metals
in the soil directly affects its activity and its availability to plants [10-11].
Heavy metal elements can be classified into
categories based on their chemical stability. Watersoluble heavy metals are easily absorbed by plants
and are highly mobile and toxic [12-13]. Exchangeable heavy metal ions are easily displaced by cations
and enter the sediment pore solution or water body
as heavy metal ions; they are hazardous to the ecological environmental. Carbonate-type heavy metals
combine weakly with soil, are easily released, and
are more mobile [14-15]. Humic acid-bound heavy
metals are formed by the combination of humic acid
and heavy metals and are a weak organic substance.
The bonded state can be released into water by oxidation. The Fe-Mn oxide state is when the heavy
metal is encapsulated by an Fe-Mn oxide or itself
precipitates as an oxide; this is a strong chemical
form of ion bond [16]. When the redox potential of
water is reduced or the water is deficient in oxygen,
the heavy metal can be reduced and activated; the

)(!#$
Taihang Mountains front plain, Heavy metals, Corn, Bioavailability, Influencing factors
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$+695/-855/-=387 Based on data from a multitarget geochemical survey of Hebei Province completed in 2013, we selected representative same-location crop seeds and root soils for the Taihang
Mountains front plain agricultural area and analyzed
the forms, content, and spatial distributions of five
common heavy metals (Cd, Cr, Pb, As, and Hg).
Harvested seeds and root soil samples were
randomly collected from the same sampling point
during the harvest season. The corn samples were selected using the diagonal method with four points
(greater than 1 m from the farmland), and the seeds
were collected at 1 m × 1 m squares. In the laboratory,
the seeds were washed with distilled water and
weighed after air drying. According to the needs of
the test and sample back-up, we weighed 500 g of
the sample, processed it through 100-mesh, and sent
the sample to the laboratory for further analysis. The
root soil samples were collected within the 0–20 cm
tillage layer at the same place as the corn seed samples. We removed the surface soil, weeds, grass roots,
gravel, bricks, fertilizer, and other debris during
sampling. One point was used as the fixed-point during sampling, 3–5 sub-samples were collected within
20 m around the fixed point, and these were combined into one sample to ensure representativeness
of the samples; the total weight was greater than 1
kg. The soil samples were air dried; the gravel, biological debris, and plant roots were removed and
passed through a 20-mesh nylon sieve in the laboratory, and then mixed and reduced with a 200-mesh.
Approximately 100 g of sample material was bagged
by quartering. These samples were sent to a laboratory for analysis. The sample for effective state analysis was passed through a 10-mesh again and sent
directly to the laboratory for analysis.

strong organic heavy metal can also be released under oxidizing conditions. Heavy metals in the residue state are generally present in a mineral crystal
lattice with heavy metals, they do not easily migrate,
they have low bioavailability, they are a low ecological risk, and they are generally considered harmless
to the ecological environment [3, 17, 18].
In this study, we analyzed heavy metal bioavailability in root soil in agricultural areas using the
activity coefficients and migration coefficients of
heavy metals. We also studied the factors influencing
the absorption of heavy metals by corn seeds. This
study will provide data for environmental and agricultural departments to manage heavy metals in soils
and crops.
%#$ %!$

$=>.B+;/+Taihang Mountains front plain is a
key area of the North, China. It borders Tianjin and
Beijing in the north, Shandong Province and Henan
Provincein the south, the Bohai Sea in the east, and
the Taihang Mountains in the west (Fig. 1). The sum
area of the study area is 62,047.29 km2. It was mainly
formed by alluvial deposits from the Haihe River and
the Yellow River. The terrain is low-lying and the
elevation ranges from approximately 100 m to 3 m
along the coast of the Bohai Sea. There is a wide depression area.
It has a warm, temperate monsoon climate with
obvious seasonal changes and dry, cold winters. The
average temperature is 12°C; the annual average
rainfall is 560 mm; the average annual sunshine is
2700 hours. The soil type is dominated by fluvo-aquic soil, cinnamon soil, and coastal saline soil. The
main crops are corn and wheat.

&# 
+980<+695371<3=/<
(LF) South of Langfang, (BD) Baoding, (CZ) Cangzhou, (SJZ) Shijiazhuang, (HS) Hengshui, (XT) Xingtai, and (HD) Handan

5796

#"

  $  

 





  !




$+695/ +7+5B<3< +7. /;;8; -87=;85 ;89
The test indicators of the crop samples included As,
Cd, Hg, Pb, and Cr. The analysis method used GB/T
5009[19]. The detection limits were 0.01 µg/g for Hg,
0.3 µg/g for As, 0.1 µg/g for Pb, 0.1 µg/g for Cd, and
0.5 µg/g for Cr.
Using GBW08502 (rice flour), GBW08503b
(wheat flour), GBW10010 (rice), GBW10012 (big
corn), and GBW10013 (soybean) for accuracy control, we calculated a relative error (RE) of less than
or equal to 30%. In the test sample, four sets of
standard substances were inserted and simultaneously analyzed. The relative error between the measured value and the recommended value of each element in the reference material was less than 30%,
and the qualification rate of each element in the
standard monitoring sample was 100%. The relative
deviation between repeat measurements for the same
sample was RE ≤ 30%. The data pass rate was 100%.
With the requirement of a pass rate of ≥85%, the
analysis accuracy of the crop samples complied with
DD2005-03[20], the Ecological Geochemical Evaluation Sample Analysis Technical Requirements.

0.1 µg/g; the detection limit was 0.5 µg/g for the ionexchange state, the carbonate state, the weak organic
binding state, the Fe-Mn binding state, and the strong
organic binding state; the detection limit for the residue state was 2 µg/g.
The detection limit of Cd’s water-soluble state
was 0.005 µg/g; the detection limit was 0.02 µg/g for
its ion-exchange state, carbonate state, weak organic
binding state, Fe-Mn binding state, and strong organic binding state; the residual state detection limit
was 0.03 µg/g.
The detection limit for water soluble As was
0.05 µg/g, and the detection limit for the residue state
was 1 µg/g; the detection limit was 0.1 µg/g for its
ion-exchange, carbonate, weak organic binding, FeMn binding, and strong organic binding states.
The detection limit was 0.1 µg/g for Cr’s watersoluble state and 1.0 g/g for its weak organic binding
state; the detection limit was 0.5 µg/g for its ion-exchange state, carbonate state, Fe-Mn binding state,
and strong organic binding state.
According to "DD2005-03 Eco-Geochemical
Evaluation Sample Analysis Technical Requirements," the analysis of an element is acceptable
when the relative deviation between the total amount
of the element and the total amount of the morphological element is ≤ 40%. The relative deviations for
Cd, Cr, Pb, As, and Hg for the 219 root soil samples
were 100%.
The bioavailability of heavy metals can be
measured by bioavailability and migratory capacity,
and it is based on the absolute and relative content of
weakly bound forms of soil composition. We used
the activity coefficients and migration coefficients of
heavy metals to evaluate their bioavailability.
Bioavailability is described by the activity factor MF (mobility factor) [21-22]

#88=<835 The total amount of Cr and Pb was
determined using inductively coupled plasma atomic
emission spectroscopy (ICP-AES); the total amount
of Cd was determined using the graphite furnace
flame method; aqua regia digestion was used for Hg,
and the total amount of Hg was determined using the
cold atomic absorption method; the As analysis used
sulfuric acid mononitrate digestion and the diethyldithiocarbamate silver spectrophotometric method
was used to determine the total amount of As.
We used different methods to analyze the state
of the heavy metals in the root soil. Quantitative
samples were weighed; water-soluble, ion-exchanged, and carbonate-bound states were extracted
using water, magnesium chloride, sodium acetate,
sodium pyrophosphate, hydroxylamine hydrochloride, and hydrogen peroxide as extractants. The humic acid-bound state, the Fe-Mn oxide-bound state,
and the organic-bound state were used to prepare liquids for morphological analysis. A suitable amount
of the residue after extraction of each of the analysis
liquids was taken and treated with hydrochloric acid,
nitric acid, perchloric acid, and hydrofluoric acid to
prepare a residual-state analysis liquid. Full spectrum direct reading inductively coupled plasma
emission spectroscopy was used to analyze Pb, Cd,
and Cr in each form. Arsenic and Hg were analyzed
using hydride generation atomic fluorescence spectrometry.
The detection limit of Hg’s water-soluble state
was 0.001 µg/g; the detection limit was 0.002 µg/g
for the carbonate state, the ion-exchange state, the
weak organic binding state, the Fe-Mn binding state,
and the strong organic binding state; the residue state
detection limit was 2 µg/g.
The Pb water-soluble state detection limit was

MF=

1 +  2
,
1 +  2 +  3 +  4 +  5

where Fl is the effective state (the sum of the
water-soluble and ion-exchanged states), F2 is the
carbonate state, F3 is the Fe-Mn oxidation state, F4
is the organic matter binding state (the sum of the
humic acid binding state and the strong organic binding state), and F5 is the residual state.
Migration ability can be evaluated by the migration coefficient M [23].


 =∑
 =1

 
,


where Mj is the migration coefficient of heavy
metal j, i is the soil sampling point, n is the number
of soil sampling points, Fi is effective state (water
soluble and ion-exchange states) of element j in soil
i, and Ti is the total amount of element j in soil i.
The biological activity coefficient (MF) of
heavy metals is the ratio between the sum of the effective and carbonate-bound states and the total
amount of the heavy metal, which reflects the ability
of different heavy metals in the soil to be bio-utilized
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(thus potentially harmful to the environment) [21]. A
smaller bioactivity coefficient signifies a more stable
heavy metal in soil samples, while a larger bioactivity coefficient shows relatively higher heavy metal
instability and availability [22-24]. The migration
coefficient (M) reflects the movement of different
heavy metals in the soil. The greater the migration
coefficient, the greater the possibility that heavy
metals will migrate from soil to crops and the greater
the damage to the environment.

that the heavy metal effective states were significantly affected by external disturbances and had
strong spatial differentiation. This spatial differentiation was likely influenced by human activities, such
as farmland cultivation, farm management, and pollution. [25-26].

38+?+35+,353=B 80 2/+?B 6/=+5< 37 ;88= <835
+7. <9+=3+5 .3<=;3,>=387 80 2/+?B 6/=+5<37 -8;7
<//.< The As content in corn seeds in the study area
was 0.0004–0.0495 mg/kg, with an average value of
0.0139 mg/kg. The corn seed samples were not polluted based on the standard (≤0.5 mg/kg); the highest
values of As in corn seeds were mainly in Gaoyang
and Qingyuan of Baoding, Renqiu of Yanzhou, and
Wen'an of Langfang. The Cd content was 0.0002–
0.039 mg/kg, and the average value was 0.004 mg/kg.
This average met the standard for human consumption (≤0.2 mg/kg); the highest Cd concentrations
were mainly in Jingji County, Shijiazhuang (possibly
related to a small lead-zinc smelter). The Hg content
was 0.31–36.2 μg/kg, with an average of 3.94 μg/kg.
The corn seed samples met the food standard for Hg
(≤20 μg/kg), and samples were spottily distributed in
Qingxian County, Qingzhou, and Ningjin, Xingtai.
This distribution may have been related to human activities such as fertilization and coal burning. The Pb
content was 0.013–0.32 mg/kg, and the average was
0.05 mg/kg. All corn seed samples in the study area
met the food standard (≤0.4 mg/kg). The areas with
high values for Pb were mainly located in the northern part of Baoding. The Cr content was 0.011–0.17
mg/kg, and the average value was 0.027 mg/kg. All
the corn seed samples complied with the pollutionfree food standard (≤1.0 mg/kg), and areas with high
Cr values were distributed in a point pattern, mainly
in Xinji, Xingtai Shahe, and Jiwuan. There was no
obvious pattern of high heavy metal concentrations
in root soil with areas of high heavy metal concentration in seeds, which further shows that the areas
with high heavy metal content in seeds do not necessarily have bioavailable heavy metals in the soil (water-soluble and ion-exchange states), and the effective state of the heavy metals that enters the corn
plants is affected by other factors.

+=++7+5B</<. We used Microsoft Excel (2016)
to calculate the percentage composition and to conduct a correlation analysis of the heavy metal effective states. We used SPSS (17.0) for basic statistical
analysis (maximum, minimum, and average) and the
correlation analysis between pH, cation exchange
capacity (CEC), organic carbon, clay, and heavy
metal effective states. We used ArcGIS's (9.3) inverse distance interpolation method to create the
space forecast distribution map of effective states of
heavy metals.

#$&%$ $&$$! 

/8-2/63-+5 -2+;+-=/;3<=3-< 3<=;3,>=387
-2+;+-=/;3<=3-< 80 2/+?B 6/=+5< 37 ;88= <835 We
classified the heavy metal forms in root soils as
available states (including water-soluble and ion-exchanged states), potentially effective states (including carbonate-bound, humic acid-bound, Fe-Mn oxide, and strong organic bound), and inactive (i.e.,
residue) based on the chemical stability and release
conditions of heavy metal elements in various forms
[12, 16, 23]. Fig. 2 shows seven states of five heavy
metals; the proportions of the different states differed. Cadmium had the highest proportion in the
available states (water-soluble and ion-exchanged)
(19.73%), followed by 2.9% for Hg and 0.42% for
Cr. Approximately 54.34% of the Cd was in potentially effective states and 42.84% of the Pb was in
the potentially effective state; Cr had the lowest proportion (8.72%) in potentially effective states. This
shows that Cd had the greatest potential for migration, transformation, and potential hazard, and Cr
had the weakest migratory capacity and it did not accumulated in the seed samples. The largest proportion of Pb, Hg, As, and Cr was in the residue state;
in this state the heavy metals were present in a mineral lattice, and their bioavailability was poor, indicating that they were in a stabile state with low hazard potential.
From the coefficients of variation (Table 1),
Cd’s ion-exchange state (348%) and carbonatebound state (248%) and Pb’s humic acid state (155%)
and Fe-Mn oxidation state (131%) were greater than
1 and were affected by external factors. The watersoluble states and the ion-exchanged states also had
higher coefficients of variation, further indicating

7+5B<3<80,38+?+35+,353=B802/+?B6/=+5<37
;88=<835Our bioavailability and migration calculations showed that As, Cd, Hg, Pb, and Cr had activity
coefficients of 0.0181, 0.1634, 0.0343, 0.0103, and
0.0043, respectively and migration coefficients of
0.0164, 0.1532, 0.0302, 0.0094, and 0.0041, respectively. The activity coefficient (0.163) and migration
coefficient (0.153) of Cd in the soil samples were the
largest, exhibiting strong bioavailability and potentially posing the greatest harm to the environment;
the activity coefficients and migration coefficients of
the remaining four heavy metals were smaller and
indicated less potential harm to the environment.
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7+5B<3<80=2/0+-=8;<801/8-2/63-+5,/2+?
38>; The total amount of heavy metals, pH, CEC,
clay, and organic matter content are major geochemical factors affecting heavy metals. The relationship
between the form of heavy metal and soil physical
and chemical properties is complex [27-29]. Many
basic properties of the soil, such as soil acidity, alkalinity, clay content, and organic matter, affect the
content and states of heavy metal elements in the soil.
The heavy metals entering soil can interact with soil
materials to form various heavy metals states, and
their bioavailability and mobility differ [13, 30].
Soil acidity and alkalinity are closely related to
the solid phase composition and absorption properties of the soil. It is an important chemical property
of the soil, and it has an influence on plant growth
and soil productivity, as well as soil pollution and

purification. The pH change of soil will directly affect the dissolution-precipitation of heavy metal ions
in the soil solution, which will affect the migration
and bioavailability of heavy metals in soil. In general,
the lower the pH, the greater the solubility of heavy
metal cations, the greater the metal’s activity, and the
more plant uptake [26, 31]. Under normal circumstances, soil organic matter content affects the adsorption of heavy metals by soil particles and the
presence of heavy metals. Soil with high organic
matter content has a higher CEC, and the adsorption
capacity for heavy metals is higher than soils with
low organic matter content [29, 32, 33]. Therefore,
soil pH, clay, and organic matter are important factors affecting the geochemical behavior of heavy
metals.

&# 
%2/9/;-/7=+1/802/+?B6/=+5<37/+-2+?+35+,5/<=+=/
(1) water-soluble state, (2) ion-exchange state, (3) carbonate-bound state, (4) humic acid- bound state, (5) Fe-Mn oxidation
state, (6) strong organic binding state, and (7) residual state
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% 
/<-;39=3?/<=+=3<=3-<80<=+=/<+7.=2/=8=+5+7.2/+?B6/=+5<37-8;7<//.<
Standard
Coefficient of variation
deviation
(%)
Cdcorn
0.0002
0.04
0.00
0.00
75.00
Cd
0.0840
4.52
0.20
0.38
190.00
Cd1
0.0004
0.03
0.00
0.00
81.53
Cd2
0.0011
1.40
0.04
0.12
348.69
Cd3
0.0012
1.15
0.03
0.08
248.62
Cd4
0.0042
0.25
0.03
0.02
69.55
Cd5
0.0030
0.13
0.03
0.02
56.60
Cd6
0.0003
0.04
0.02
0.01
48.86
Cd7
0.0100
1.94
0.05
0.14
293.08
Crcorn
0.0110
0.17
0.03
0.02
66.67
Cr
47.3000
85.60
67.38
7.21
10.70
Cr1
0.0130
0.06
0.03
0.01
23.73
Cr2
0.1200
0.33
0.23
0.04
14.90
Cr3
0.2500
0.63
0.49
0.09
17.45
Cr4
0.7200
3.79
1.53
1.00
65.09
Cr5
0.2100
5.84
1.32
0.50
37.76
Cr6
0.3500
8.07
2.05
0.95
46.48
Cr7
38.8000
74.50
56.21
7.65
13.61
Pbcorn
0.0130
0.32
0.05
0.04
80.00
Pb
15.7000
125.70
24.53
9.49
38.69
Pb1
0.0150
0.10
0.04
0.01
35.16
Pb2
0.0350
0.47
0.19
0.08
42.22
Pb3
0.1900
15.80
2.74
1.74
63.32
Pb4
0.0280
40.80
1.81
2.80
155.27
Pb5
0.0620
69.80
4.53
5.98
131.92
Pb6
0.1200
1.07
0.58
0.18
30.35
Pb7
7.5900
25.60
12.66
2.57
20.30
Ascorn
0.3900
49.50
13.70
9.12
66.57
As
2.4700
29.50
9.80
0.38
3.88
As1
0.0040
0.82
0.09
0.07
73.12
As2
0.0040
0.38
0.07
0.03
47.17
As3
0.0500
1.68
0.19
0.13
65.96
As4
0.2000
6.21
1.07
0.50
47.29
As5
0.2120
5.91
0.98
0.50
51.45
As6
0.0010
0.06
0.02
0.02
70.37
As7
1.2300
14.00
6.40
1.86
29.15
Hgcorn
0.3100
36.20
3.94
3.52
89.34
Hg
19.0000
359.00
60.10
39.91
66.41
Hg1
0.2000
2.60
0.60
0.43
72.44
Hg2
0.6000
6.30
0.92
0.48
52.29
Hg3
0.1000
2.70
0.88
0.42
48.06
Hg4
1.4000
18.20
5.85
2.25
38.53
Hg5
0.4000
5.80
1.29
0.56
43.49
Hg6
1.5000
66.00
7.71
5.19
67.32
Hg7
5.0000
282.00
35.13
28.18
80.22
(1) water-soluble state, (2) ion-exchange state, (3) carbonate-bound state, (4) humic acid-bound state, (5) Fe-Mn oxidation state,
(6) strong organic bound state, and (7) residue state. Units: As, Pb, Cd, Cr are mg/kg, and Hg is µg/kg.
Element

Minimum

Maximum

Mean

%2//00/-=80=8=+52/+?B6/=+5-87=/7=871/
8-2/63-+5 ,/2+?38>; The correlations between
heavy metal forms and soil pH, organic carbon, CEC,
and clay are shown in Table 2. The table shows significant differences in the correlations, indicating that
pH, organic matter, and clay in the soil can affect
heavy metal availability. However, the correlations of
soil heavy metal content with pH, organic matter, and
clay in the study area were significantly less than the
correlation with the total amount of each heavy metal.
This also shows that the total amount of heavy metals

in the soil was the main factor influencing the bioavailability of heavy metals.
The total amount of heavy metals in the soil can
explain the pollution status of the soil, and the existence of heavy metals determines the potential ecological hazards. Studying the correlation between
various forms of heavy metals in the soil and the total
amount of heavy metals can provide a more in-depth
understanding of the hazards of heavy metals and the
effect of the total amount of heavy metal on bioavailability [34-36].
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correlation between the ion-exchange state, carbonate state, and the bound state of humic acid and
the total amount of Cr. These results demonstrate
that the total amount of heavy metals in soil was not
the only factor affecting bioavailability, and the effects of other factors on the bioavailability of heavy
metals in soil should be considered.
The residual states of As, Hg, Cd, and Cr were
significantly related to their total amounts. At the
0.01 significance level, the correlation coefficients
were 0.872 for As, 0.975 for Hg, 0.928 for Cd, and
0.829 for Cr. However, Pb was different from the
other four heavy metals. The correlations between
Pb’s Fe-Mn oxidation state and the humic acid binding state and total amount of Pb were significant. At
the 0.01 level, the correlation coefficients were 0.956
and 0.764, respectively, and the ion-exchange state
correlation coefficient was only 0.12. The ion-exchange state of Pb may be closely related to other
factors, such as pH, and this is confirmed in our analysis of the relationship between the effective states
of Pb and pH.

Table 2 demonstrates that the total amount of
heavy metals had a significant influence on the
heavy metal state and its bioavailability. The relationship between the bioavailability of different
heavy metals and their total amounts was not the
same. Arsenic and Cd had significant correlations
with their total amounts, and their correlations were
the most significant. The correlation coefficients for
water-soluble and ion-exchange states of Cd were
significant, showing a high potential for ecological
harm. The total amount of Pb had a significant correlation with the humic acid-bound state, the Fe-Mn
oxidation state, the strong organic state, and the residue state. The total amount of Hg had a significant
correlation with the humic acid-bound state, the
strong organic bound state, and the residue state. In
addition, the water-soluble, ion-exchanged, and FeMn oxidation states were not significantly correlated
with the total amount of Hg. Chromium’s water-soluble state, Fe-Mn oxidation state, strong organic
state, and residual state were significantly correlated
with the total amount of Cr. There was no significant
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$9+=3+5.3<=;3,>=38780=2/+?+35+,5/<=+=/<@+=/;<85>,5/+7.387/A-2+71/.802/+?B6/=+5<37;88=<835
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% 
8;;/5+=387+7+5B<3<802/+?B6/=+5<37;88=<835+7.=2/-8;;/<987.371-8;7<//.<+7.=2/=8=+5+68>7=80
/+-22/+?B6/=+598;1+73--+;,87!;1+7.-5+B

0.29
3**

0.111

0.122

0.039

0.503
**

0.17
4**

0.158
*

0.082

0.141
*

0.725
**

0.23
9**

0.172
*

0.257
**

0.048

0.771
**

0.36
2**

-0.01

0.486
**

0.299
**

0.17
3*

0.078

0.872
**

0.22
8**

residual
state

0.02
5

0.1
51*

0.4
61*
*

0.07
1

0.18
7**

0.04
8

0.12
5

0.08
6

0.36
8**

0.02
2

0.08
4

0.285
**

0.08
5

0.13
2

0.02
6

0.295
**

0.471
**

0.03
7

0.73
8**

0.120

0.594
**

0.03
6

0.97
5**

corn

0.55
0.01
1
0.08
8

0.16
0*

0.0
14

0.7
64*
*

-0.27

0.191
**

0.06
6

0.19
1**

0.01
5

0.0
58

0.9
56*
*

0.01
5

0.184
**

0.18
8**

0.10
1

0.09
1

0.04
5

0.0
32

0.2
30*
*

0.32
5**

0.008

0.07
2

0.06
4

0.25
2**

0.08
4

0.2
21*
*

0.4
03*
*

0.16
5*

0.144
*

0.13
4*

clay

0.055

0.928*
residual state
0.063
*
**Significant correlation at p≤0.01
* Significant correlation at p≤0.05

Cr
OrgC

0.072

0.11
4

pH

0.042

0.014

total

-0.041

0.04
8

0.27
2**
0.02
4

corn

0.018

0.057

0.3
61*
*

0.16
7*

0.1
23

clay

0.044

0.13
5*

OrgC

ion-exchange
state
carbonate
state
humic acid
binding state
Fe-Mn oxidation state
strong organic state

0.632*
*
0.995*
*
0.895*
*
0.691*
*
0.434*
*

0.144
*

pH

0.041

total

corn

water-soluble

0.12
9

0.1
23
0.0
29

0.02
4

Cd
states

clay

0.594
**

0.27
4**

OrgC

0.031

ion-exchange
state
carbonate
state
humic
acid
binding
state
Fe-Mn
oxidation
state
strong
organic
state

0.09
7

0.02
4
0.04
4
0.16
2*

pH

0.196
**

total

0.049

corn

0.31
0**

clay

clay

0.594
**

OrgC

OrgC

0.019

pH

pH

watersoluble

Pb

total

states

total

Hg

corn

As

0.196*

-0.008

-0.023

0.06

0.363**

0.127

0.174**

0.333**

0.066

0.025

0.048

0.045

0.003

-0.027

0.102

-0.157*

0.009

0.036

-0.02

-0.208**

-0.014

0.265**

-0.124

-0.028

-0.066

0.263**

0.18**

-0.046

-0.126

0.223**

-0.151*

-0.046

0.242**

0.238**

0.401**

0.135*

0.263**

0.514**

0.236*
*

0.005

0.175**

0.034

0.338**

-0.101

-0.028

0.148*

-0.012

0.392**

0.063

0.065

0.096

0.024

0.829**

00/-=80<8359871/8-2/63-+5,/2+?38;80
2/+?B6/=+5<37-8;7 <//.< +7. <8358;;/5+=387
,/=@//79+7.2/+?B6/=+5<37<835The Cr, As,
Cd, Pb, and Hg water soluble states and ion-exchange
states in 219 soil samples were correlated with soil pH
(Fig. 4). The pH of the study area soil ranged from 7–
9. Fig. 4 shows that the ratio of the water-soluble state
and the total amounts of Cd, As, Hg, Pb, and Cr increased with increasing pH, showing a positive correlation. Soil alkalinity increased the water-soluble state.
A pH of 7–7.5 effectively controlled the water-soluble
heavy metals.
The relationships between the ratio of the ionexchange state to the total amount of heavy metals and
pH showed two different trends. First, the ratio of ionexchange state and the total amount of Cd, Cr, and Pb

0.270**
0.242**
0.137*

had a decreasing trend with increasing pH, and Pb and
Cd had a more significant trend. Second, As and Hg
had an increasing trend with increasing pH. The soil
was weakly alkaline, which effectively reduced the
corn’s absorption of Cd, Cr, and Pb and increase the
corn’s absorption of As and Hg.

%2/-8;;/5+=387,/=@//79+7.2/+?B6/=
+5<37-8;7<//.<Figure 5 shows the enrichment coefficient of corn seed in the study area (enrichment
factor = (heavy metal content of corn seed/heavy
metal content in soil) × 100) and soil pH. The Cd, Pb,
and Cr enrichment factors were lowest at pH 6 to 7,
and the enrichment factor gradually increased at pH 7
to 9. The enrichment factor was highest at pH 7.5–8.0
and decreased with increasing pH. The relationship
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heavy metals in soil are not only affected by soil pH,
but also have a close relationship with soil organic
matter.
Fig. 6 shows that organic carbon in soil was related to the Cr, Cd, As, Hg, and Pb content; Cr, As,
and Hg were weakly, positively correlated with organic carbon. There was a weak, negative correlation
between Cd and Pb and organic carbon. This shows
that the surface soil organic carbon had a controlling
effect on the accumulation of heavy metals. The effect
of organic matter on heavy metal ions is mainly in ionexchange, complexation, and adsorption [27].


!    
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between the Hg enrichment coefficient and pH was
lowest at pH 7.5–8 and pH 8.5–9 and the enrichment
coefficient was highest at pH 8–8.5. Controlling the
soil at weak acidic and weak alkaline conditions is an
important technique to reduce the accumulation of Cd,
Pb, Cr, and Hg in the soil and ensure the safety of the
corn crop. However, if As contaminates the soil, remediation the contaminated soil by adjusting the pH
will increase the concentration of other elements.

705>/7-/80<8358;1+73--+;,87871/8-2/6
3-+5,/2+?38;802/+?B6/=+5<37<835The transformation mechanism and environmental effects of
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#/5+=387<239<,/=@//78;1+73--+;,87+7.=2/@+=/;<85>,5/+7.387/A-2+71/<=+=/<802/+?B6/=+5<
The organic matter in the soil was mainly humus. When the organic matter reacts with metal ions
in the soil, many functional groups can occur, such
as amino groups, azo compounds (—N=N—), ring
nitrides, carboxyl groups, ethers, and ketones. The
chelation process plays an important role. Experimental studies have shown that the total stability
constant of the metal-humic complex ranges from
105 (Zn2+, Cd2+, and Ni2+) to 1010 (Cu2+). This part
of the complexed or chelated heavy metal ions can
be firmly fixed in soil, thereby reducing the concentration of effective metal ions in the soil and reducing

the harm of heavy metal pollution [12, 37, 38].
Fig. 7 shows the relationships between the proportion of Cr, Cd, As, Hg, and Pb in the soil and soil
organic matter. Except for a weak, positive correlation
between the ion state of As and organic carbon, the
water soluble states (Cr, Cd, As, Hg, and Pb) and ionexchange states (Cr, Cd, Hg, and Pb) were negatively
correlated. Therefore, increasing the organic carbon
can effectively reduce the heavy metals in the watersoluble (Cr, Cd, As, Hg, Pb) and ion-exchange (Cr,
Cd, Hg, Pb) states. These heavy metals in the watersoluble and ion-exchanged states can migrate easily
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#/5+=387<239<,/=@//7=2/@+=/;<85>,5/+7.387/A-2+71/.<=+=/<+7.<835-5+B-87=/7=
exchangeable states to the total amount of each
heavy metal was slightly reduced, especially the ion
state of As and the water-soluble state of Cd. This
shows that some heavy metal ions can be adsorbed
by clay, which can affect the geochemical behavior
of heavy metals. However, the water-soluble state of
Cr was different, and it had a positive correlation.

into crops. Therefore, in regions with heavy metals,
such as As, Cr, Cd, Hg, and Pb, organic fertilizers are
used to increase the soil buffer strength, which can effectively improve the safety of agricultural products.
Soil organic matter controls the geochemical behavior
of Cr, Cd, As, Hg, and Pb. Therefore, soil organic
matter affects soil fertility and it also has an important
impact on the ecological effects of heavy metals in
soil.

#/5+=387<239,/=@//7-5+B9+;=3-5/<+7.1/8
-2/63-+5,/2+?38;802/+?B6/=+5<37<835Fig. 8
shows that the ratios of the water-soluble and ionexchangeable states of Cr, Cd, As, Hg, and Pb were
also related to soil clay content. With the increase of
clay content, the ratio of the water-soluble and ion-

! &$! $
Comparing the available state, potential effective state, and ineffective state of heavy metals indicated that Cd had the highest potential for migration,
transformation, and harm. The bioavailability
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analysis also showed that Cd’s activity coefficient
and migration coefficient were greater than the coefficients for Pb, Cr, Hg, and As, showing potential for
migration and harmful effects on the environment.
The non-effective state of Cr (residual state) accounted for the smallest proportion, and it did not accumulate in the corn seeds, showing strong stability.
The high value regions for Cd, Pb, Cr, and Hg in corn
seeds showed a spotty distribution. However, the
high value areas of As were distributed in the study
area, and the heavy metal content of corn seeds met
the pollution-free food standard.
The correlation and trend analysis showed that
the residual states of As, Hg, Cd, and Cr had significant relationships with the total amount of each
heavy metal. The total amount is an important factor
affecting the state of heavy metals in the root system
and affects the stability of heavy metals. Soil pH affected Cd and Cr. The soil was weakly alkaline,
which can effectively reduce crop absorption of Cd,
Cr, and Pb. We also found that increases in soil organic carbon can effectively reduce the content of
heavy metals in the water-soluble state (Cr, Cd, As,
Hg, Pb) and ion-exchange state (Cr, Cd, Hg, Pb),
which shows that surface soil organic carbon can
control the accumulation of heavy metals. We found
a positive correlation between the As’s ion-exchange
state and organic carbon; the ratio of the water-soluble states and the ion-exchangeable states of Cr, Cd,
As, Hg, and Pb to the total amount of each heavy
metal also had a relationship with clay content. With
an increase in the clay content, the ratio of the watersoluble and ion-exchangeable states in the soil to the
total amount of each heavy metal reduced slightly,
which indicates that the clay surface can adsorb
some heavy metal ions.
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We investigated the distribution of seven forms
of heavy metals (As, Cd, Cr, Cu, and Zn) in Handan
and Xingtai soils and calculated the geoaccumulation index and the potential ecological risk index,
with the aim to assess the potential risk induced by
heavy metals in the soil. The average heavy metal
concentrations were all below the values stated for
Level I of the State Soil Environmental Quality
Standards, except for Cd, whose average concentration (0.22 g/kg) exceeded the threshold level. Heavy
metals were mainly present in the residual form, with
small proportions as available forms. The forms
were considerably affected by soil pH, organic matter, and total heavy metal concentrations. Overall,
the potential ecological risk index was 79.17, which
is below the RI limit of 150. However, the potential
risk of Cd was at a medium level. Based on our results, the soils of the study region are not contaminated with the evaluated heavy metals.

chemical forms rather than on the actual amounts [14]. Heavy metals in the soil occur in the form of certain ions or molecules and can change their chemical
forms via dissolution, precipitation, coagulation, and
complexing adsorption, thus showing different activities and causing different degrees of damage to soil.
The form of heavy metals in the soil is a key
parameter to measure their environmental effects.
Consequently, more and more attention has been
paid to the study of these forms. Different forms of
heavy metals may be released to different degrees,
resulting in variations in the corresponding biological availability and effectiveness. According to the
stability of the form, the releasing conditions, and the
degree of use, heavy metals can be summarized as
three broad categories, occurring in seven different
forms [5, 6]: (1) effective forms, including water-soluble and ion exchange forms; (2) potentially effective forms, including carbonate combined, humic
acid combine, iron-manganese oxide, and strong organic combination forms; (3) non-effective forms,
namely the residual state. Among these forms, the
water-soluble and the ion exchange forms are relatively active and readily absorbed by plants, resulting in considerable crop damage [7, 8]. The human
body can assimilate heavy metals indirectly through
the food chain; enrichment results in serious health
issues [9- 13].
The study area is an important constituent part
of the Hebei Province, where soil pollution directly
affects of the health of people around Beijing-Tianjin-Hebei. In this paper, we investigated the geochemical characteristics of pH, organic matter, and
heavy metals in various forms in Handan and Xingtai soils and explored the influence degrees of these
parameters on various forms of heavy metals. Moreover, geoaccumulation index and potential ecological risk index methods were used to evaluate the potential ecological risk of heavy metals in Handan and
Xingtai soils. Our work provides a scientific basis
for decision-making in agriculture and for environmental protection policies and can be used to support
the safe and sustainable development of the region
Beijing-Tianjin-Hebei.

*(!#$
Handan and Xingtai, soil, heavy metals, form distribution,
potential ecological risk
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In recent years, the Chinese government has attached great importance to the protection of soil environments, especially in regard to farmland soils,
which are the foundation of the health and wellbeing
of hundreds of millions of people. In 2014, the  
       showed
that the national soil status was subject of concern,
with soil pollution being a serious issue in some regions. Above all, the quality of farmland soils is particularly worrying, and the soil environmental problems in abandoned industrial and mining areas are
serious.
According to the survey, the pollution status of
heavy metals in soils depends on their various
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$:47 >,8;7492 Soil samples were collected
from Handan and Xingtai soils (Fig.1). We established 76 soil sampling points and sampled the surface layer (0-20 cm) of each sampling point. To ensure the representativeness of the collected sample,
one sampling point was chosen as fixed point to obtain the core sample, while another three to five subsamples were collected surrounding the fixed point
within the radius scope of 20 m; all samples from
one point were bulked to obtain a composite sample
of more than 1 kg. Prior to sampling, the litter layer
and any plants, roots, rocks, etc. were removed. The
samples were air-dried and gravel, plant residues,
and roots were removed. Subsequently, the samples
were sieved through a 20-µm nylon mesh. The samples were then mixed, partitioned, and ground.
About 100 g of soil were taken via the quartering
method and sent to the Tianjin Institute of Geology
and Mineral resources for determination of the effective forms.

9,7D>4>,9/<@,74?D.:9?=:70?0=849,?4:9
:1>:47;3D>4.,7,9/.3084.,7;=:;0=?40>Soil pH
was determined via the potentiometric method in a
water: soil slurry with the ratio 2.5:1. Organic carbon
was measured via the potassium dichromate-sulfuric
acid method, while alkali-hydrolysable nitrogen was
assessed via the alkali solution diffusion method. Effective phosphorus was determined via the sodium
bicarbonate leaching - molybdenum antimony colorimetric method. Readily available potassium was determined via the ammonium acetate leaching – flame
photometer method. Cation exchange capacity (CEC)
was assessed via the first-order equilibrium exchange method, while the clay particle content was
measured with a hydrometer. These methods are described in detail elsewhere [5,6]. The soil physical
and chemical properties in Handan and Xingtai are
shown in Table 2.

while the mean value was 0.045. All λvalues were
below the threshold established by the 
      
(1:250,000). The percent of pass for the precision degree of primary standard material is up to 100%.

 0?0.?4:9=,?0The element detection rate
was 100%, fulfilling the requirement of 90%. The
detection limit of the adopted method therefore satisfies the analysis requirement.
0?0=849,?4:9 :1 ?30 30,AD 80?,7 1:=8> 49
>:47To determine the different heavy metal forms,
seven soil samples of an identical volume were
weighed. Subsequently, heavy metals in the watersoluble state, the ion exchange state, the carbonate
combined state, the humic acid combined state, the
iron-manganese oxide combined state, and the organic combination state were extracted using water,
magnesium chloride, sodium acetate, sodium pyrophosphate, hydroxylamine hydrochloride, and hydrogen peroxide, respectively. An aliquot of each analytical fluid was then treated successively with hydrochloric acid, nitric acid, perchloric acid, and hydrofluoric acid to prepare analytic liquids. Concentrations of Cd, Cr, Cu, and Zn in various forms were
determined via inductively coupled plasma emission
spectrometry; As levels were analyzed via hydride
generation-atomic fluorescence spectrometry.
To reflect the accuracy and precision of the test
data, the total amount of elements in the soil was
taken as the standard value for comparison with the
sum of the element contents in each form. The relative deviation can be calculated as follows:

 =

  ..@=,.D By analyzing the four cryptographically inserted standard substances (GSS2,
GSS3, GSS4, and GSS6) in each sample batch, the
logarithmic difference between the measured values
and the standard values (Δ lgC) can be calculated.
Here, the maximum value of Δ lgC was 0.092, while
the mean value was 0.036. All Δ lgC values were below the threshold value established by the
        
(1:250,000). The percent of pass for the accuracy
level of primary standard material is up to 100%.

 -   
  

×100% ,

where

  (mg/kg) is the total amount of el-

ements and

 (mg/kg) is the total amount of ele-

ments in various forms. Here, the unit of  is %.
According to the    
        
[14], when the relative deviation between the total
element amount and the total element amount in various forms is 40% or less, the element speciation
analysis is up to standard. The statistical results indicate that the percent of pass for element speciation
analysis accuracy of soil samples was 100%.
,?, ;=:.0>>492 ,9/ ,9,7D>4> The sampling
sites was made with ArcGIS 9.3 and CorelDRAW12.
All data were analyzed using Excel 2003 and the statistical software package SPSS 17.0(Pearson correlation analysis).

 "=0.4>4:9/02=00The logarithmic standard
deviation (λ) between the measured values and the
monitored values of the cryptographically inserted
standard substances in each sample batch was calculated. Hereinto, the maximum value of λ was 0.120,
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,;:1?30>,8;7492>4?0>
% 
#0>@7?>:1?30>;0.4,?4:9,9,7D>4>:130,AD80?,7/0?0.?4:97484?>:1>:47>,8;70>
Element
type

Water-soluble state

Cd
Cr
Cu
Zn
As

0.005
0.1
0.05
0.05
0.05

Ion
exchange
state
0.02
0.5
0.3
0.5
0.1

Carbonate
combined
state
0.02
0.5
0.3
0.5
0.1

Detection limit (×10−6)
Humic acid
Iron-mangacombined
nese oxide
state
state
0.02
0.02
1.0
0.5
0.3
0.3
0.5
0.5
0.1
0.1

Organic
combination
state
0.02
0.5
0.3
0.2
0.1

Residue
state
0.03
5
1
1
1

% 
,>4.;3D>4.,7,9/.3084.,7>:47;=:;0=?40>:1?30>?@/D,=0,
Study area
Provincial Total

Organic matter
(g/kg)
1.9
1.7

Effective phosphorus (mg/kg)
19.2
19.8

Rapidly-available
potassium (mg/kg)
215.9
172.7


#$&%$

!A0=,77 .3,=,.?0=4>?4.> :1 30,AD 80?,7> 49
>:47The total amount of heavy metals in the soil reflects the accumulation of heavy metals on a local
scale. Referring to the environmental standards of
the People's Republic of China, established by the
Nanjing Institute of Environmental Science (the National Environmental Protection Bureau) [15,16], we
adopted a confidence level of 95% for statistical
analyses (see Table 3); the overall sample number
was 76. Our results can be summarized as follows:
The average soil As content was 9.5 mg/kg, with a
variation coefficient of 27.15%. The maximum As
content was 13.9 mg/kg, indicating that soils in the
districts Handan and Xingtai are not polluted with
As. Average Cd content was 0.2 mg/kg, which corresponds to the national primary standard limit of 0.2
mg/kg; moreover, the variation coefficient was only
18.21%, indicating a medium level of variation.

Cec
(mg/kg)
11.8
11.3

Clay particle
(g/kg)
99.5
91.5

pH
8.3
8.2

Considering the variation interval of 0.10-0.22
mg/kg between the minimum and maximum values,
the soil Cd concentrations in Handan and Xingtai do
not exceed the standard levels. The average soil
chromium (Cr) content was 67.3 mg/kg, with a maximum level of 83 mg/kg; both concentrations are below the national primary standard limit of 90 mg/kg.
Copper (Cu) and zinc (Zn) concentrations were 23.8
and 71.8 mg/kg, respectively, both below the national primary standard limits of 35 and 100 mg/kg,
respectively. However, the maximum Cu content
was 35.9 mg/kg, which almost reached the threshold
value. Further studies should investigate this issue in
more detail.
:8;:>4?4:9:130,AD80?,71:=8>The total
amount of heavy metals in a soil can, however, not
be used to efficiently determine the biological effectiveness of heavy metals. Rather, the chemical form
of heavy metals is the key factor when assessing the
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combination state, Cd had the highest percentage
(10.51%), while As has the lowest one (0.31%). All
heavy metals in the residue form had higher percentages than their counterparts in other forms, among
which Cr had the highest percentage (84.19%), followed by Zn (69.82%) and As (69.19%); Cd had the
lowest percentage (22.63%).

impacts of heavy metals on the soil environment [3,
4, 16, 17]. According to the migration and transformation paths of the different forms of heavy metals,
we can distinguish seven types of forms: water-soluble, ion exchange, carbonate combined, humic acid
combined, iron-manganese oxide, strong organic
combination, and residue. The percentages of each
form were calculated respectively (Fig. 2).
The percentages of various forms of heavy metals in soils can eliminate the effects of increased
amounts of each form, thus characterizing the relative contents of effective and non-effective forms,
which more accurately reflects the degree of soil pollution [18,19]. The composition and percentages of
different forms of heavy metals in soils, especially in
terms of the effective forms, reflect the availability
of heavy metals in soils. In soils from the districts
Handan and Xingtai, the effective forms of Cd were
highest (13.75% of total heavy metals). In their effective forms, heavy metals are highly active in the
soil environment and can transform other forms of
heavy metals through physical and chemical reactions. Heavy metals in the carbonate combined state
can be used by plants at low pH values. The percentages of carbonate combined As, Cd, and Cr, with a
relatively high toxicity, were 1.92, 17.07% and
0.71%, respectively. Heavy metals in the iron-manganese oxide form can be adsorbed in the soil or are
subject to coprecipitation; they are only released at
low redox potentials, posing a potential risk to plants.
In our study, the percentages of heavy metals in the
iron-manganese oxide form were as follows: Cu
(15.31%), Cd (15.08%), Zn (11.35%), As (8.85%),
and Cr (2.02%). This indicates that Cu and Cd are
more strongly associated with iron-manganese oxides. Among the heavy metals in the organic

917@09.01,.?:=>:130,AD80?,71:=8>49?30
>:47 Soil pH, organic matter content, and the total
amount of heavy metals are the main factors that affect the forms of heavy metals. The correlation coefficients between soil pH, organic matter content, and
total heavy metals and each heavy metal form can
reflect the influences of heavy metal load levels on
the forms of heavy metals in soils [18, 19].

;Table 4 shows the results of the correlation
analysis between soil pH and heavy metals in various forms. Heavy metals in the water-soluble form
were positively correlated with pH; the most significant correlation was found for As (P < 0.01), with a
correlation coefficient of 0.476. In the ion exchange
form, the heavy metals Cr, Cu, and Zn were significantly negatively correlated with pH, with correlation coefficients of -0.309, -0.237, and -0.545, respectively. In the carbonate combined form, Cr and
As were significantly positively correlated with pH
(P < 0.05), while in the humic acid combined form,
Cd, Cu, and Zn were significantly negatively correlated with pH, with correlation coefficients of 0.326,
0.377, and 0.249, respectively. In the iron-manganese oxide form, Cd and As were significantly positively correlated with pH. All heavy metals in the
strong organic combination form showed no

% 
0>.=4;?4A0>?,?4>?4.>:130,AD80?,7>49@9/0=>?:=D249>092>:47>9
Element

Minimum
(mg/kg)

Maximum
(mg/kg)

Average
(mg/kg)

Standard deviation

Variance coefficient (%)

National primary standard (mg/kg)

As
Cd
Cr
Cu
Zn

2.47
0.10
47.3
13.9
44

13.9
0.22
83
35.9
93.6

9.5
0.2
67.3
23.8
71.8

2.586
0.028
8.377
4.833
12.885

27.15
18.21
12.45
20.33
17.95

15
0.20
90
35
100
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50
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with Cu in the water-soluble, the iron-manganese oxide, and the residue form, with correlation coefficients of 0.628, 0.728, and 0.801 (P < 0.01), respectively. Total amounts of heavy metals were significantly positively correlated with Cu in the residue
form, with a correlation coefficient of 0.883 (P <
0.01). Total heavy metal amounts were significantly
positively correlated with As in the water-soluble,
the humic acid combined, the iron-manganese oxide,
and the residue form, with correlation coefficients of
0.574, 0.532, 0.641, and 0.909 (P < 0.01). These results indicate that the total amounts of heavy metals
in the soil significantly impact the form distribution
of heavy metals.

":?09?4,7=4>6>:130,AD80?,7>49?30>:47To
evaluate the potential risks of heavy metals in Handan and Xingtai soils, the geoaccumulation index (Ig)
[20] and the potential ecological risk index (RI) [21]
were employed.
The process of heavy metal migration into the
soil is complex. Generally, heavy metals stay on the
soil surface or in the top soil layer and rarely migrate
into deeper soil layers. This phenomenon can be
used to determine whether the soil is polluted with
heavy metals or not [22, 23]. Average heavy metal
contents can be regarded as background values. In
the process of data processing, we first calculated the
average values X1 and standard deviation S1 of the
heavy metals in the deep soil layer; after repeatedly
excluding the data in the study area (X1 ± 2S1), we
calculated the average values X2 again and used the
values as the background values in the study area,
referring to the method proposed by Guo et al. [24]
for calculating the basic values in the study area. The
background values are shown in Table 1.

significant correlation with pH. In the residue form,
Cu, Zn, and As were significantly positively correlated with pH, of which As showed the most significant correlation, with a correlation coefficient of
0.341 (P < 0.01).
!=2,94. 8,??0=Table 4 shows the results of
the correlation analysis between organic matter and
different forms of heavy metals in the soil. Organic
matter was positively correlated with various forms
of heavy metals, except for Cd. In the iron-manganese form, the strong organic combination form, and
the residue form, Cr was significantly correlated
with organic matter. In the water-soluble, the humic
acid combined, and the iron-manganese form, Cu
was significantly correlated with organic matter. In
the water-soluble form, the ion-exchange form, the
humic acid combined form, and the residue form, Zn
was significantly correlated with organic matter. In
contrast, As was only significantly correlated with
organic matter in the humic acid combined form.
%:?,7,8:@9?>:130,AD80?,7>The form distribution of heavy metals in the soil is related to their
intrinsic characteristics. The correlation between the
total amount of heavy metals and their forms can reflect the influences of heavy metal load levels in the
soil on the heavy metal forms (Table 4). Total
amounts of heavy metals were significantly positively correlated with Cd in the ion exchange and the
residue forms, with correlation coefficients of 0.574
and 0.580, respectively (P < 0.01). Total heavy metal
amounts were significantly positively correlated
with Cr in the strong organic combination and the
residue forms, with correlation coefficients of 0.536
and 0.875, respectively (P < 0.01). Total amounts of
heavy metals were significantly positively correlated

% 
#07,?4:9>34;>-0?B009;:=2,94.8,??0=?:?,730,AD80?,7,9//4110=09?1:=8>:130,AD80?,7>49>:47>
Form
Water-soluble

Ion exchange

Carbonate combined

Humic acid combined

Iron-manganese oxide

Organic combination

Residue

items
pH
organic matter
total heavy metal
pH
organic matter
total heavy metal
pH
organic matter
total heavy metal
pH
organic matter
total heavy metal
pH
organic matter
total heavy metal
pH
organic matter
total heavy metal
pH
organic matter
total heavy metal

Cd
0.073
0.079
0.312**
0.115
-0.019
0.574**
-0.199
0.013
0.230*
-0.326**
0.077
0.438**
0.293*
-0.064
0.316**
0.063
-0.260*
-0.178
0.087
0.010
0.580**

Cr
0.132
0.250*
0.417**
-0.309**
0.285*
-0.038
0.255*
-0.045
0.084
0.084
0.106
0.021
-0.201
0.360**
0.330**
-0.175
0.492**
0.536**
0.187
0.352**
0.875**

Cu
0.084
0.489**
0.628**
-0.237*
0.157
-0.047
-0.164
0.008
-0.194
-0.377**
0.394**
0.281*
0.091
0.419**
0.728**
-0.099
0.122
0.180
0.226*
0.411**
0.801**

Note: ** highly significant correlation at P < 0.01, * significant correlation at P < 0.05.
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Zn
0.194
0.346**
0.362**
-0.545**
0.300**
-0.012
0.010
0.127
0.021
-0.249*
0.570**
0.243*
-0.228*
0.257*
0.140
-0.062
0.067
0.101
0.240*
0.473**
0.883**

As
0.476**
0.015
0.574**
0.239*
0.262*
0.492**
0.241*
0.300**
0.232*
0.178
0.440**
0.532**
0.329**
0.247*
0.641**
0.021
0.179
0.367**
0.341**
0.177
0.909**
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0:,..@8@7,?4:9 49/0C The geoaccumulation index has been proposed by Muller in 1969 [20].
It is generally used to evaluate the pollution status of
heavy metals in the soil and calculated as follows:
⎛  ⎞,
  = log 2 ⎜
⎟
⎝  ×  ⎠

harmful level of a certain heavy metal;  is the
comprehensive ecological risk index, which describes the comprehensive value of multiple potential ecological risk coefficients of heavy metals at a
certain point. Combined with the ecological risk coefficients of heavy metals in the soil (Table 8), Cd
had the highest ecological risk index of 60.61, with
medium-level environmental risks; the ecological
risk indices of other heavy metals were below 40, indicating low environmental risks in the studied soils.
The value of the comprehensive ecological risk in-

 is the measured heavy metal content
in mg/kg,  is the average heavy metal value in the
deep soil layer (mg/kg), and  is the transforwhere

mation coefficient to eliminate the variation of background values caused by soil differences in different
regions; its value is usually 1.5. Under normal conditions, the geoaccumulation index can be classified
into seven levels, and the congruent relationship between the index and the environmental risk refers to
the Muller classification standard, as shown in Tables 5 and 6.

dex  was only 79.17, which is far below the
threshold value of 150, indicating that the soil is not
polluted.
$&$$! 

According to our results, the accumulation degree of heavy metals in the soil should comprehensively consider the total amounts and the distribution
characteristics of heavy metals [27,28]. In Handan
and Xingtai soils, the total amount of Cd was 0.2
mg/kg, which does not exceed the threshold value;
this was also the case for the other four heavy metals.
Heavy metals in the water-soluble and the ion exchange forms can be easily absorbed by plants and
are therefore considered as effective forms. Their
percentages were as high as 13.75%, which is also
the reason for the high toxicity of Cd in the soil. For
the other four heavy metals, the percentages of the
water-soluble and the ion exchange forms were 0.38%
for Cr, 1.26% for Cu, 0.91% for Zn, and 1.60% for
As, with relatively low toxicity levels.

":?09?4,70.:7:24.,7=4>649/0CThe potential
ecological index has been proposed Hakanson in
1980 [21]. To evaluate the heavy metal pollution status of soils, this index is currently the most commonly used one and can be calculated as follows:
⎡   ⎤ ,

 = ∑  = ∑ ⎢ ×
⎥
 ⎦
⎣

where  is the measured heavy metal value
(mg/kg);  is the average heavy metal content in
the deep soil layer (mg/kg);  is the toxicity coefficient, whose values can refer to the results reported
by Cai et al. [25, 26]. in Table 7;   is the single
index of the potential ecological risk, which describes the potential environmental risk degree of the


% 
@770=.7,>>414.,?4:9>?,9/,=/:1;:77@?4:9/02=00:130,AD80?,7>
0A,7@,?0/A4,?3020:,..@8@7,?4:949/0C



Pollution level

Pollution degree

<0
0-1
1-2
2-3
3-4
4-5
>5

0
1
2
3
4
5
6

No pollution
Light to medium pollution
Medium pollution
Medium to heavy pollution
Heavy pollution
Heavy to serious pollution
Serious pollution


%
0:,..@8@7,?4:949/0C,9/09A4=:9809?,7=4>670A07>:130,AD80?,7>49>:47>
Element types

Background
values (mg/kg)

Cd
Cr
Cu
Zn
As

0.099
63.52
21.14
60.99
9.86

Measured
values
(mg/kg)
0.2
67.3
23.8
71.8
9.5

Geoaccumulation
index

Risk level

Risk degree

0.13
-0.15
-0.12
-0.11
-0.19

1
0
0
0
0

Light to medium pollution
No pollution
No pollution
No pollution
No pollution

5816

"!

 #     





    


%

#07,?4:9>34;-0?B009    ,9/;:77@?4:9/02=00


Risk index

Pollution degree

40


40
80


80
160

160  320


320









Slight ecological risk



Medium ecological risk



Strong ecological risk



Very strong ecological risk



Extremely strong ecological risk

 150
150  300
300  600
 600



Slight ecological risk
Medium ecological risk
Strong ecological risk
Very strong ecological risk

%



 ,9/  A,7@0>:130,AD80?,7>49>:47>
Element
Cd
Cr
Cu
Zn
As

Background
value
(mg/kg)
0.099
63.52
21.14
60.99
9.86

Measured
value
(mg/kg)
0.2
67.3
23.8
71.8
9.5

Toxicity coefficient

Ecological risk
coefficient

Risk index

30
2
5
1
10

60.61
2.12
5.63
1.18
9.63

79.17


In the soil, Cd mainly originates from the parent material, atmospheric precipitation, and pesticide and
fertilizer application. The sampling sites were located far away from industrial zones; atmospheric
dust deposition can therefore be excluded. We therefore infer that the heavy use of fertilizers and pesticides in is the main reason for the elevated Cd levels
in the studied soils. The values of the geoaccumulation index and the potential ecological risk index also
confirm that Cd poses a relatively high ecological
risk in the soils of the study area Xingtai soils, while
the other four heavy metals did not reach the pollution level. Since the form distribution of heavy metals in the soil is subject to dynamic processes, involving a desorption process driven by physical
chemical reactions [34-38], the pollution levels in
the soil cannot determine whether the contents of
heavy metals in the plants exceed the threshold values. In view of this, farmers in the study region
should consider the physiological absorption mechanisms in the soils before deciding whether Cd exceeds the threshold.

Soil physical and chemical properties such as
soil pH and organic matter determine the migration
and transformation of heavy metals in the soil [2931]. In the study region, the soil pH was significantly
negatively correlated with Cr, Cu, and Zn in the ion
exchange state, suggesting that the migration and
transformation of heavy metals are facilitated in alkaline soils. This probably occurs because heavy
metals such as Cd and As are prone to hydroxide precipitation in alkaline soils, thus reducing their concentrations in the ion exchange form. Soil pH was
negatively correlated with the combined states of
most heavy metals except As, probably because alkaline soil has a relatively weak replacement ability.
The complexes formed by soil organic matter
and heavy metals can affect not only the migration
and transformation of heavy metals, but also the
form distribution of heavy metals in the soil. Soil organic matter was significantly negatively correlated
with Cd in the ion exchange form, which has a relatively strong toxicity. This might be a result of high
amounts of straw residues on these soils, leading to
an increased humus layer. Humic acid is the main
component of humus; it contains carboxyl and benzene rings and can be synthesized from aliphatic substances and carbohydrates. Therefore, humus contains a high number of functional groups which bind
to heavy metals. Humic acid, however, is a macromolecular compound and can combine with heavy
metals [32, 33].
In the studied soil, Cd levels were higher than
the background value and reached the pollution level.

! &$! $

Based on the values of the geoaccumulation index and the potential ecological risk index, soils in
the districts Handan and Xingtai are not polluted
with As, Cd, Cr, Cu, and Zn. However, the effective
form of Cd accounted for 0.022 mg/kg, although this
does not exceed the national primary standard limit.
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To establish the lean logistics management
mode in the supply of drugs in our hospital. Relevant
information of drug supply of three kinds of A, B, C
were selected, compared of monthly drug out rate,
withdrawal rate, cash flow turnover efficiency of
drug, and personnel allocation, difference of pharmacy work time and clinical drug delivery accuracy,
drug delivery timely rate respectively of three kinds
of A, B, C under two groups of drug supply logistics,
and evaluation of each index. During the same period, compared with the monthly drug out rate, withdrawal rate, cash flow turnover efficiency of drug,
clinical drug delivery accuracy rate and delivery
timely rate of three kinds of A, B, C drugs of the two
groups respectively, the difference has statistical significance respectively (P<0.05); the accuracy rate of
traditional medicine mode and lean medicine model
is 83.25%~98.45% and 86.05%~99.53% respectively, there has no statistical significant between
two groups (P >0.05). Under traditional drug supply
mode, pharmacy store configured 5 people, drug
testing with 3 people, and 3 people send medicine.
While Lean supply model, pharmacy store configured 3 people. About 400 square metres of land
transfer clinical region, which saving the economic
cost in hospital; the time cost of examining the doctor's advice to the audit, drug maintenance of pharmacists is higher than that of the traditional medicine
mode in same period. The application of lean logistics mode improves drug supply group of storage capacity, drug turnover rate and pharmacists working
efficiency.



[1]. With the continuous deepening of medicine reform and the medical demand rising up, the hospital
is facing more and more challenges. China's traditional medicine logistics model has been unable to
meet all the functions and links of modern logistics,
therefore, more and more hospitals are trying to
carry out lean logistics management.
Pharmacists have to deal with medicine logistics, spending many hours in communication with
drug manufacturers and suppliers to address this
problem. Medicine logistics problem can lead to
treatment delays, which might harm patients, especially those with critical conditions where no alternative drugs are available. The hospital's lean management solutions cover the entire process of procurement, supply and use of all drugs in the hospital.
Rebuild the hospital drug distribution system and
improve the operation of hospital drugs. Lean logistics management supports the aggregating, reporting, and visualizing of data collected from the daily
work. Therefore, it could centralize and harmonize
the management of disparate program drugs, promote greater efficiency in drug management, and ensure better customer service.
In order to understand the role of lean logistics
management in optimizing the process of drug supply, reducing the indirect costs of drug supply management, improving the efficiency of drug flow, and
the safety and timeliness of patients. In this study,
we retrospectively investigated the drug supply in
our hospital from March 2013 to February 2014 and
the supply of drugs after the implementation of lean
logistics management in our hospital from March
2014 to February 2015. We are going to analyze and
compare each factor under the two groups of drug
logistics model and evaluate its application in our
hospital drug supply. We are aiming to provide guarantee for the supply of clinical medicine, and offer
reference for similar research.


$" %$ 

Modern medicine logistics is an integral part of
logistics, and it is a kind of transfer form of Medicine

$"#$ #

#*473.9.3.,:265,82:.82*930 kinds of drugs
which are normal and used in our hospital in the year
of 2013 and 2014 (1100 species of drugs in catalogue
in 2013, and 1200 species in 2014) were chosen.

)' "#
Logistics management, Drug supply, Turnover efficiency,
withdrawal rate, cash flow turnover efficiency of drug,
personnel allocation
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The monthly turnover rate was calculated as
follows: Monthly turnover = monthly sales / monthly
average inventory amount * 100%

Based on the ABC classification method, different
types of drugs were used to control the inventory [2,
3]. The management of pharmacy store inventory in
our hospital is somehow vague, so vague PCA is
used to carry out the multi criteria ABC classification.
We classified drugs which accounted for 10%
of the total number of drug stocks, occupied 70% of
funds and need plan 20 days’ dosage as A class. We
classified drugs which accounted for 20% of the total
number of drug stocks, occupied 20% of funds and
need plan 30 days’ dosage as B class. We classified
drugs which accounted for 70% of the total number
of drug stocks, occupied 10% of funds and need plan
36 days’ dosage as C class.

".9.*8,1.:16-We compared three drugs
supply relevant information in our hospital from
March 2013 to February 2014 (the supply mode of
traditional medicine logistics) and March 2014 to
February 2015 (the implementation of lean logistics
process after A, B, C). Research carried out for each
drug class to establish the database. Specific indicators were as follows: (1) Drug supply process: The
rate of drug shortage in each month, the types of drug
withdrawal from the pharmacy store to the supplier
and from the pharmacy to the pharmacy store (Table
1, 2). (2) Indirect costs of drug supply management:
staffing, labor costs, and the time spent by pharmacists in pharmaceutical work (Fig. 1, 2). (3) The turnover efficiency of hospital drug flow: monthly sales
amount and monthly average inventory amount
(Yuan), monthly turnover rate (Table 3). (4) The
safety and timeliness of drug use in hospital: accuracy rate of drug delivery and the rate of drug delivery (Table 4).

#:*:29:2,*34.:16-SPSS13.0 statistical software was used for statistical analysis. The mean
and standard deviation between the two groups
were compared by t test,  < 0.05 was considered
as statistically significant.
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7:242?*:2656/-8;09;773>786,.9925-2,*
:689 25 :=6 086;79 6/ -8;0 9;773> 36029:2,9 The
drug supply logistics mode and lean logistics mode
from the traditional medicine to compare drug shortage rate in A months, B, C, three kinds of drug classification, the drug shortage rate over the same period in March 2014 the drug shortage rate is higher
than that in March 2013 to February 2015 April
2014, while the drug shortage rate from April 2013
to February 2014 were significantly lower than the
same period of drug shortage rate (). Compared with the traditional drug logistics mode, the
implementation of the lean drug logistics model
greatly reduced the rate of drug supply shortage, the
two groups of A, B, C, the rate of drug shortages
compared with the same period, the difference was
significant (>0.05) (Fig 3 a).
In the comparison between the traditional drug
supply logistics model and the lean logistics mode,
the pharmacy store and pharmacy were compared
under drug classification A, B, C, we found that the
total number of pharmacy store and pharmacy drug
withdrawal of classification A from July 2014 to
February 2015 were significantly lower than that of

June

July

Aug.

Sep.

Oct.

Nov.

Dec.

Jan.

Feb

March
2013 to
Feb. 2014
March
2014 to
Feb. 2015
March
2013 to
Feb. 2014
March
2014 to
Feb. 2015
March
2013 to
Feb. 2014
March
2014 to
Feb. 2015

May

Period

April

Month
March

Drug shortage rate of C
class (%)

Drug shortage rate of B
class (%)

Drug shortage rate of A
class (%)

Drug
classification

$ 
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10.42

11.03

10.05

9.79

8.01

10.98

10.18

7.54

6.08

8.47

4.94

8.35

10.58

10.82

8.64

8.57

6.75

8.28

7.86

6.54

5.98

8.31

4.42

7.65

7.29

7.72

7.04

6.85

7.70

7.69

7.13

5.28

4.26

4.88

2.96

5.01

4.49

3.02

2.54

2.50

3.48

2.99

2.99

3.18

2.79

3.98

2.85

4.69

3.13

3.31

3.02

2.94

3.30

3.29

3.05

2.26

1.82

3.32

1.98

3.34

1.92

1.30

1.09

1.07

1.49

1.28

1.28

1.36

1.19

2.59

1.65

2.97
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Nov.

Dec.

Jan.

Feb

March
2014 to
Feb
2015

Oct.

C

Sep.

March
2013 to
Feb.
2014

Aug.

March
2014 to
Feb
2015

July

B

June

March
2013 to
Feb.
2014

May

March
2014 to
Feb
2015

April

A

The number of
Drug returned
from Pharmacy
store to the supplier
The number of
drugs returned
from pharmacy to
the pharmacy
store
Total
The number of
Drug returned
from Pharmacy
store to the supplier
The number of
drugs returned
from pharmacy to
the pharmacy
store
Total
The number of
Drug returned
from Pharmacy
store to the supplier
The number of
drugs returned
from pharmacy to
the pharmacy
store
Total
The number of
Drug returned
from Pharmacy
store to the supplier
The number of
drugs returned
from pharmacy to
the pharmacy
store
Total
The number of
Drug returned
from Pharmacy
store to the supplier
The number of
drugs returned
from pharmacy to
the pharmacy
store
Total
The number of
Drug returned
from Pharmacy
store to the supplier
The number of
drugs returned
from pharmacy to
the pharmacy
store
Total

March

March
2013 to
Feb.
2014

Factor

Month
Period

Drug
classification

$ 
$8*-2:265*34.-2,25.36029:2,946-.3*5-3.*536029:2,94*5*0.4.5:46-.36/:1.=*8.16;9.*5-
71*84*,>-8;0=2:1-8*=*3

22

22

24

14

14

18

30

18

16

26

23

34

124

96

104

58

118

204

102

76

80

146

191

201

146

118

128

72

132

222

132

94

96

172

214

235

43

37

32

25

34

16

25

16

28

61

72

87

111

96

122

63

42

132

71

43

52

65

86

98

154

123

154

88

76

148

96

59

80

126

158

185

16

16

18

10

10

14

22

14

10

16

14

20

86

68

72

40

82

142

72

54

56

87

114

120

102

84

90

50

92

156

94

68

66

103

128

140

36

26

22

6

27

29

14

6

6

36

43

18

85

72

86

32

33

49

46

26

22

39

51

109

121

98

108

38

60

78

60

32

28

75

94

127

38

30

32

18

36

62

32

24

24

58

76

80

46

38

40

22

40

68

42

32

32

68

85

93

84

68

72

40

76

130

74

56

56

126

161

173

33

25

10

4

0

2

6

4

2

24

29

35

54

46

36

14

4

10

20

10

10

26

34

32

87

71

46

18

4

12

26

14

12

50

63

67
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8;0465:13>:;856<.88*:.6/:8*-2:265*34.-2,25.36029:2,946-.*5-3.*536029:2,94*5*0.4.5:46-.
Nov.

Dec.

Jan.

Feb

March
2014
to Feb
2015

Oct.

C

Sep.

March
2013
to Feb.
2014

Aug.

March
2014
to Feb
2015

July

B

June

March
2013
to Feb.
2014

May

March
2014
to Feb
2015

April

A

Monthly sales
amount / Million Yuan
Monthly average amount /
Million Yuan
Monthly turnover rate
Monthly sales
amount / Million Yuan
Monthly average amount /
Million Yuan
Monthly turnover rate
Monthly sales
amount / Million Yuan
Monthly average amount /
Million Yuan
Monthly turnover rate
Monthly sales
amount / Million Yuan
Monthly average amount /
Million Yuan
Monthly turnover rate
Monthly sales
amount / Million Yuan
Monthly average amount /
Million Yuan
Monthly turnover rate
Monthly sales
amount / Million Yuan
Monthly average amount /
Million Yuan
Monthly turnover rate

March

March
2013
to Feb.
2014

Factor

Period

Drug
classification

Month

7588
.02

7173
.00

7687
.2

7781
.34

8442
.42

8373
.48

7905
.42

6658
.08

7577
.34

7480
.87

6750
.07

5516
.01

5159
.34

5326
.56

5584
.02

5678
.34

5639
.76

6456
.42

6467
.34

6515
.04

5894
.10

5502
.76

4610
.69

4671
.72

1.47

1.35

1.38

1.37

1.50

1.30

1.22

1.02

1.29

1.36

1.46

1.18

8406
.78

8176
.08

8247
.12

8170
.50

8914
.26

8087
.46

8135
.22

7467
.54

7282
.14

7424
.92

7608
.77

6823
.32

5933
.88

6014
.22

6019
.80

5797
.14

5840
.34

5628
.6

5634
.84

5804
.82

4759
.

4660
.89

5521
.74

5639
.11

1.42

1.36

1.37

1.41

1.53

1.44

1.44

1.29

1.53

1.59

1.38

1.21

827.
28

794.
28

867.
04

777.
68

862.
68

827.
24

906.
68

715.
12

714.
28

933.
71

978.
84

712.
25

669.
00

673.
92

695.
00

688.
16

693.
00

704.
76

884.
12

888.
20

678.
32

944.
68

941.
85

732.
43

1.24

1.18

1.25

1.13

1.24

1.17

1.03

0.81

1.05

0.99

1.04

0.97

883.
36

925.
24

949.
40

981.
72

1011
.88

1019
.28

806.
92

709.
08

710.
60

861.
38

854.
91

741.
68

711.
40

763.
80

758.
76

779.
14

778.
37

852.
68

713.
32

704.
88

623.
36

723.
76

722.
75

749.
17

1.24

1.21

1.25

1.26

1.30

1.20

1.13

1.01

1.14

1.19

1.18

0.99

91.3
8

82.5
6

103.
29

83.6
7

89.5
2

90.5
7

77.2
2

75.4
2

73.0
2

73.2
6

78.0
3

54.6
8

124.
23

134.
13

148.
89

146.
16

152.
91

162.
69

167.
31

171.
841

156.
39

138.
06

139.
02

92.3
7

0.74

0.62

0.69

0.57

0.59

0.56

0.46

0.44

0.47

0.53

0.56

0.59

101.
13

100.
82

88.7
4

96.9
9

103.
14

95.5
2

89.3
7

79.9
5

74.9
7

71.5
2

68.3
7

59.1
2

166.
65

157.
53

166.
86

146.
67

143.
07

154.
71

151.
86

152.
37

144.
21

103.
11

94.9
6

75.7
9

0.61

0.64

0.53

0.66

0.72

0.62

0.59

0.52

0.52

0.69

0.72

0.78
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June

July

Aug.

Sep.

Oct.

Nov.

Dec.

Jan.

Feb

Drug delivery
rate

March 2013
to Feb. 2014
March 2014
to Feb 2015
March 2013
to Feb. 2014
March 2014
to Feb 2015

May

Drug delivery
accuracy

Period

April

Factor

March

Month

85.50
%
86.05
%
84.25
%
92.24
%

90.25
%
86.05
%
88.24
%
92.24
%

88.21
%
87.21
%
84.98
%
90.38
%

87.2
3%
87.4
4%
92.3
4%
89.4
5%

95.7
2%
93.9
5%
86.6
1%
87.7
6%

89.4
5%
96.0
5%
90.2
5%
88.1
7%

96.8
0%
97.6
7%
91.8
2%
91.8
2%

91.2
8%
99.0
7%
93.8
5%
93.6
5%

83.2
5%
99.5
3%
90.2
7%
94.2
2%

98.1
3%
99.5
3%
89.5
9%
94.5
0%

98.4
5%
99.5
3%
93.5
5%
94.5
5%

97.6
3%
99.5
3%
90.9
8%
95.3
2%
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temporary workers in drugs delivery department.
Under the Lean logistics drug supply mode, the pharmacy store reduced to 3 people, the work of drug
testing was taken over by the pharmacy store, and
temporary drug was delivery by a third-party logistics company. 
Under the traditional drug supply logistics
model, the original drug warehouse covers an area of
about 400 square meters. After the implementation
of lean logistics drug supply model, the database will
be converted into other clinical application areas.
The direct economic income was about 5 million per
year. The drug delivery work by a third-party logistics company is equipped with a large number of logistics personnel responsible for the pharmacy,
ward, vein distribution center. This saves the manpower cost of nurses in the ward, the labor cost of
the pharmacists and the distribution cost of each
node to a certain extent, which saves the economic
cost to the hospital indirectly (Fig 1).
We compared the drug supply logistics mode
and lean logistics mode to traditional medicine, and
found that the time spent on the doctor's advice in the
traditional medicine logistics mode was higher than
that of the pharmacist in the course of the doctor's
advice on the doctor's advice in the same weekday;
whereas under the lean logistics mode, pharmacists
spend much more time in the trial side, doctor's advice, and the maintenance of medicine, which is
much higher than that of the pharmacist in the prescription, the doctor's advice and the maintenance of
the medicine (Fig 2).

July 2013 to February 2014, while the total number
of pharmacy store and pharmacy drug withdrawal in
March to June of 2014 was significantly higher than
that of March to June of 2013 (< 0.05). The total
number of pharmacy store and pharmacy drug withdrawal of classification B from June 2014 to February 2015 were significantly lower than that of June
2013 to February 2014, and the total number of pharmacy store and pharmacy drug withdrawal in March
to May of 2014 was significantly higher than that of
March to May of 2013 (< 0.05). The total number
of pharmacy store and pharmacy drug withdrawal of
classification C from May 2014 to February 2015
were significantly lower than that of May 2013 to
February 2014, while the total number of pharmacy
store and pharmacy drug withdrawal in March to
April of 2014 was significantly higher than that of
March to April of 2013 (< 0.05). When comparing
drug withdrawal total number of the three kinds of
drugs A, B, C, we found that the total number of
pharmacy store and pharmacy drug withdrawal from
June 2014 to February 2015 were significantly lower
than that of June 2013 to February 2014, while the
total number of pharmacy store and pharmacy drug
withdrawal in March to May of 2014 was significantly higher than that of March to May of 2013 (
< 0.05) (Fig 3 b).

$1.25-28.,:,69:/*,:68,1*50.96/8.-;,:265
:1.9;773>6/-8;09;5-.8:1.:=6086;796/-8;0
9;773>36029:2,946-.39Under the traditional mode
of drug supply logistics, there were 5 staff in pharmacy store, 3 staff in drug testing department and 3

%" 
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4*5*0.4.5:46-.+647*8*:2<.*5*3>9296/:8*-2:265*34.-2,25.36029:2,946-.*5-3.*536029:2,9
4*5*0.4.5:46-.25:1.9:68.16;9.*5-71*84*,>,647*8*:2<.*5*3>9296/-8;0465:13>:;856<.8
8*:.6/:8*-2:265*34.-2,25.36029:2,946-.*5-3.*536029:2,94*5*0.4.5:46-.-,647*8*:2<.*5*3>
9296/:1.*,,;8*,>8*:.*5-:1.9.8<2,.:24.6/,3252,*3-8;0-.32<.8>+./68.*5-*/:.8:1.2473.4.5:*:265
6/.*56029:2,9
$1.,1*50.6/:1.:;856<.8.//2,2.5,>/*,:68
6/:1.-8;0/;5-/36=25:1.:=6086;79We compared the traditional drug supply logistics model and
lean logistics mode to study the drug turnover rate
March 2013 to Feb. 2014 and Feb. 2014 to Feb.
2015. For drug A classification, the drug turnover
rate in April and June to Dec. 2014 was higher than
that of 2013. The drug turnover rate in March and
May 2014 and Jan and Feb. in 2015 was significantly
lower than that of March, May 2013 and Jan., Feb.
2014 (<0.05). For drug B classification, the drug
turnover rate in June to Dec. 2014 and Jan. and Feb.
2015 was higher than that in June to Dec.2013 and
Jan. to Feb 2014. The drug turnover rate in March
and May 2014 showed same trend as that in March

and May 2013, which was 1.24 and 1.25, respectively. The drug turnover rate in April 2014 was significantly lower than that in April 2013 (< 0.05). 
For drug C classification, the drug turnover rate
in April and June to Dec. 2014 and Jan. and Feb.
2015 was higher than that in April and June to
Dec.2013 and Jan. to Feb 2014. The drug turnover
rate in March and April 2014 showed same trend as
that in March and May 2013. The drug turnover rate
in March and May 2014 was significantly lower than
that in March and May 2013 (< 0.05). (Fig 3 c).
4786<.:1.9*/.:>*5-:24.325.9925-2,*:689
6/-8;0;9.2516972:*37*:2.5:9;5-.8:=6086;79
6/-8;09;773>36029:2,946-.3We compared clinical drug delivery accuracy rate under the traditional
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mode of drug supply logistics and lean logistics
mode. It was found that the accuracy rate of clinical
drug delivery was between 83.25%~98.45% from
March 2013 to Feb. 2014 and the accuracy was fluctuation. From March 2014 to February 2015, the accuracy rate of clinical drug delivery was between
86.05%~99.53%, and the distribution trend was
gradually increased, and the development was stable
(Fig 4). However, there was no significant difference
between the two groups in delivery accuracy (
>0.05) (Fig 3 d).



The traditional mode of drug supply logistics
and lean logistics under the mode of drug delivery
and drug clinical timely rate over the same period of
March 2013 to February 2014, the prompt clinical
ratio was between 84.25%~93.85%, and the delivery
in a timely manner rate was fluctuation and an unstable trend. From March 2014 to February 2015, the
rate of clinical drug delivery was between
87.76%~95.32%. From this, we found that the
timely rate of service has developed steadily from instability to upward trend (Fig 5) and there was significant difference between the two groups in delivery accuracy (<0.05) (Fig 3d).
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Pharmaceutical logistics system is an important
part of hospital operation system in the hospital,
which covers all the hospital drug procurement, supply and use of the whole process, and directly affects
the quality of service of hospital and hospital patients' benefits. Lean logistics hospital solution is the
breakthrough point in hospital logistics system, so
we can comprehensive and thoroughly arranges, reconstruct drug circulation system, improve the operation of the hospital, and improve the level of hospital management under the guidance of lean ideology.
Nowadays, the hospital drug management is a
very important part of the First Affiliated Hospital of
Xinjiang Medical University. The software and
hardware of computer technology were constantly
updated, the usage of computer provides material
conditions for hospital drug management. On the
other side, the complexity of drug management
makes it necessary to establish the hospital drug
management information system. The First Affiliated Hospital of Xinjiang Medical University manage drugs from purchasing, storage, prescription audit, doctor split, dispensing, unpacking, subcontracting, static distribution and floor distribution of each
link relying on networking with mobile computing,
two bar code, RFID automatic recognition in our
medicine information system, in this way, to achieve
the true sense of the drug in the whole process of
management. The goal of lean logistics is based on
the hospital needs, provide satisfactory hospital logistics services, while pursuing the provision of logistics services in the process to minimize waste and
delay, and improve the value-added logistics service
process constantly [4].
Lean logistics itself has the characteristics of
punctuality, accuracy and low cost [5-9]. From the
view point of guiding ideology, characteristics and
development goals of Lean Logistics, it could well
meet the needs of all walks of life [10]. The result of
the lean logistics is not aimed at an individual, a link
or a department, whether patients, doctors, nurses or
managers, will benefit from the lean process [11,
12]. As a third-level grade-A hospital which owning
the most abundant hospital resources, the regional
medical center with a large number of staffs, heavy
business, complex management process of, the demand for lean is also the most urgent. We can improve the traditional drug supply logistics model and
design lean logistics process through the establishment of drug internet platform and lean drug supply
logistics model. At the same time, we can investigate
and evaluate the application effect of the supply of
drugs in our hospital, so that we can achieve purchase, storage, prescription audit, medical order resolution, drug delivery, unpacking, subcontracting,
static distribution and floor distribution relying on
the internet of things combined with mobile computing, two bar code, RFID automatic recognition via

Internet until usage. Therefore, we could achieve the
true meaning of the information flow + capital flow
+ logistics of the whole process of drug management, to achieve full life cycle management of the
doctor's advice.
The results of this study showed that the drug
supply logistics mode and lean logistics mode from
the traditional medicine to compare drug shortage
rate in A, B, C drugs, we found that in March 2014
the drugs stock rate is higher than the drug in March
2013, the drug shortage rate from April 2014 to February 2015 is less than that from April 2013 to February 2014 (P < 0.05), this may be due to that the
implementation of the lean logistics mode greatly
improved the drug shortage problem, and the efficiency of hospital drug supply to drug suppliers in
some way, also the drug supply in hospital is also
improved, the clinical usage of drugs is guaranteed,
all these improved work efficiency, leading great
benefits. This study also found that after the application of lean management mode of pharmaceutical logistics, the drug withdrawal cases were significantly
decreased than that before the implementation of the
lean logistics mode of medicine from June to Dec.
2014 and Jan. to Feb. 2015. It greatly reduces the
trouble and the extra workload caused by drug withdrawal. Drug withdrawal times increased from
March to May 2014 was mainly caused by the promoting of implementation of lean logistics on-line
work in this period. Preparation of the relocation of
the pharmacy store in a variety of circumstances resulted in increased returns. Drug withdrawal cases
significantly reduced after the working procedures
and working relationship were straightened out,
which indicated that after the implementation of the
lean logistics model, with the optimization of the
supply process, the work efficiency of the drug supply has been greatly improved, and the work of clinical medication has been successfully carried out.
After the implementation of lean logistics solutions, due to the distribution by the third party, the
pharmacy store of our hospital staff was reduced, at
the same time the artificial indirect cost, nurses,
pharmacy intravenous admixture center and the
manpower cost were also greatly reduced. All of
these saved the cost of drug supply management indirectly. The pharmacist human resource we saved
could be use in other work examining, medical examination, drug maintenance and other drug management, to further standardize the order, ensure the
accuracy and timeliness of the clinical use of drugs,
improve work efficiency. Clinical nurses do not have
to spend most of their time on a daily prescription,
which saves the manpower to serve the patient's better.
Through the investigation of the drug turnover
rate, the traditional found drug supply logistics mode
and lean logistics under the mode of drug turnover
rate from March 2013 to February 2014 and from
March 2014 to February 2015, we found that the

5827

"!

 #     





    


drug turnover rate is steadily improved from June
2014 to December, during the March to May it
showed an unstable state. The main reason is that the
beginning of the implementation of lean logistics
mode in our department. During implementation, the
drug turnover rate is flat or lower than before the implementation of lean logistics, which leads to some
research data is not stable. When we compared A, B,
C drugs turnover rates of the two groups from the
general trend, the differences were statistically significant (P<0.05), which suggests the implementation of lean logistics after the drug turnover rate is a
rising, and it further improved cash flow turnover efficiency of medicine in our hospital.
The results of this study showed that there was
no significant difference between the traditional
drug supply logistics model and the lean logistics
mode of drug clinical delivery accuracy rate (
>0.05). The reason is no matter the hospital takes
which kind of medicine supply logistics mode, they
must guarantee the safety of the premise of medical
management. Since the drug distribution accuracy is
considered as an important part of the drugs circulation, it must achieve high accuracy, so that it could
ensure patients’ safety. In both traditional drug supply logistics model and in the lean drug supply logistics model, the requirements of the accuracy of drug
delivery are basically the same, it must achieve the
same medical safety.
We compared the traditional mode of drug supply logistics and lean supply logistics mode of drug
delivery and drug timely rate from March 2013 to
February 2014. It was found that the development
trend of medicine to timely rate showed fluctuations.
While the rate of drug delivery in a timely manner
showed a steady upward and a relatively stable trend
from March 2014 to February 2015, the drug delivery of two groups was compared to the same period,
the difference was statistically significant (P<0.05).
It suggested that the implementation of the lean logistics supply mode can improve the efficiency of
clinical medicine, and is superior to the traditional
drug supply logistics model.


 %# #

In conclusion, the lean management as a new
kind of drug management mode is still in the exploratory stage in our country. Base on the preliminary
investigation of lean management of drugs in our
hospital, we found that the new measure optimized
the hospital drug supply process, solved the problems exist for years, improved work efficiency, accelerated the capital turnover rate of hospital drug
flow, and guaranteed the quality of clinical medication. At the same time, we could transfer focus of the
work in Pharmacy Department, so that we can improve the level of pharmaceutical service. Therefore,

it is consistent with the development trend of hospital drug management to implement lean management under certain condition. Due to many other factors, such as policy, there may be lots of imperfection exist, but it is a useful approach for the next step
in the implementation of medicine zero spreads policy. Considering those factors above, the supply
mode of lean management demonstrates more advantageous.
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important primary metabolite resulting from chlorothalonil degradation. It was often found in soil,
water and plants. Until now about 20 kinds of metabolites have been detected during chlorothalonil
biotransformation by soil microbial consortia or
pure culture strains [13-16].Therefore, in the process of biodegradation of organic pollutants, not
only need to focus on the parent pollutants, but also
must pay attention to intermediate metabolites [17].
At present, The degrading dynamics of chlorothalonil by soil microbial consortia have been
studied extensively [18, 19]. Several soil microorganisms capable of co-metabolizing low concentrations of chlorothalonil at the presence of other carbon sources were isolated [20, 21]. However, there
were only a few studies on the isolation of pure
culture capable of degrading high concentrations of
chlorothalonil without providing other carbon
sources. In this study,      
DACO-6, a strain that could degrade chlorothalonil
was isolated. Its degradation potential and the application for environment protection were studied.
The strain DACO-6 was capable of utilizing chlorothalonil as the sole carbon sources, and could
degrade 4-hydroxy-2,5,6- trichloroisophthalonitrile.
In addition, adding humus soil in the medium could
significantly increase the degradation rate of chlorothalonil by the strain DACO-6. These results
suggested that the strain DACO-6 could be used for
control of chlorothalonil pollution.

A strain DACO-6 capable of highly degrading
chlorothalonil was isolated from soil. The strain
DACO-6 was identified as     
 based on 16S rRNA and analysis of morphology, physiological and biochemical characters. The
optimal pH value and temperature were 7.0-7.5 and
35°C. The 5d degradation rate of 50 mg/L chlorothalonil by strain DACO-6 could reach about 95.2%
in inorganic salt medium. The strain DACO-6 also
had high tolerance to chlorothalonil. It could tolerate at least 800mg/L chlorothalonil under the experimental conditions. Adding humus soil in the
medium could significantly increase the degradation rate of chlorothalonil by the strain DACO-6. It
was believed that the strain DACO-6 could be used
for control of chlorothalonil pollution.
&$ ! 
Chlorothalonil, biodegradation,    
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Chlorothalonil(a foliar fungicide) was used to
control fungal pathogens in various fruit and vegetable crops, as well as in tree farm[1]. Widespread
use of chlorothalonil might bring some trouble to
soil microbes, aquatic systems and public health
[2-4]. Past research showed that chlorothalonil
could decrease the numbers of soil microorganisms
and the activity of soil enzyme [5-7]. In addition,
chlorothalonil could also cause dermatitis, severe
eye and skin irritation, and gastrointestinal discomfort [8]. Therefore, chlorothalonil residue and environmental fate were paid more attention [9, 10].
In addition, chlorothalonil was easily converted
to its more toxic and persistent 4-hydroxy metabolite
[11, 12]. 4-hydroxy-2,5,6-trichloroisophthalonitrile
(hydroxychlorothalonil) was considered the most

" !"!
/,30*(28 (4+ ,+0( Chemicals: chlorothalonil (99.5%) was purchased from Sigma-Aldrich Company. All other chemicals used
were of analytical grade and commercially available.
Culture media: (1). Inorganic salt medium:
MgSO4·7H2O 0.2 g, K2HPO4 0.1g, (NH4)2SO4 0.1 g,
CaSO4 0.05 g, FeSO4·7H2O 0.01 g, H2O 1L, pH 7.0.
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lated in this mixture, and then place it in the shaker
(120rpm, 35°C). The concentration of chlorothalonil and hydroxychlorothalonil were determined
regularly.

(2). Isolation medium: inorganic salt medium containing chlorothalonil (50 mg/L). (3). Enrichment
medium: beef extract powder 3 g, yeast extract
powder 5 g, peptone10 g, sodium chloride 5 g, H2O
1L, pH7.0.

!#"!!#!!

852(9054 (4+ 0+,490-0*(9054 5- */25759/(
25402 +,.7(+04. )(*9,70( The soil sample was
collected from cropland in Shanghai City, China.
The chlorothalonil has been used for more than 7
years in this cropland. 4.0 g soil sample was placed
in 100ml isolation medium for shaking culture at
30°C. The concentration of the residual chlorothalonil was determined every 24h [22, 23]. 5ml culture solution with 3d degradation rate >75% was
transferred to enrichment medium containing same
concentration of chlorothalonil, and continuously
transferred for more than 5 times. After the degradation effect was verified again, the above enrichment medium was coated on inorganic salt culture
plate containing chlorothalonil for inverted culture
at 35°C. The eugonic bacterial colonies were selected and repeatedly streaked on the culture plate
to obtain the pure culture. The new isolates were
identified by using 16SrRNA sequence analysis.

Identification and characterization of chlorothalonil degrading bacteria. A bacterium capable of
utilizing chlorothalonil as the sole carbon sources
was isolated from soil and named it DACO-6. It
was straight or curvulate bacillus, 0.6-0.8×2.5-4.5
um in size, G+, motile, facultative aerobes,
spore-forming, and it forms circular and wet colonies on nutrient broth plates. It was positive in tests
for oxidase, starch hydrolysis and gelatin liquefaction, but negative for catalase test [25]. The optimal
pH value and temperature of strain DACO-6 were
7.0-7.5 and 35°C. The strain DACO-6 was identified as      according to 16S
analytical method. The identification result was
consistent with that of BiologTM microorganisms
identification system (The 16S analysis of strain
DACO-6 was commissioned to Shanghai SANGON company, GenBank accession number
MG333571).

,.7(+(9054 5- */25759/(25402 )> 897(04
  Inoculums of chlorothalonil degrading
bacteria were prepared in advance [24]. 3% strain
DACO-6 inoculum was inoculated in inorganic salt
culture medium containing 50mg/L chlorothalonil,
and then place it in the shaker (120rpm, 35°C). The
concentration of chlorothalonil and hydroxychlorothalonil were determined regularly [22 ,23].

,.7(+(9054 5- */25759/(25402 (4+ />
+75=>*/25759/(25402 )> 9/, 897(04   The
results in Fig.1 showed that the chlorothalonil could
be rapidly degraded by the strain DACO-6. The
degradation rate of chlorothalonil (50mg/L) by the
strain DACO-6 could reach about 95.2% in 5d, half
life=1.53d. At the same time, it was found that the
concentration of hydroxychlorothalonil showed a
continuous decline in the degradation process of
chlorothalonil, indicating that hydroxychlorothalonil
was rapidly degraded by strain DACO-6(The results in Fig. 2 also confirm it). These results in
Fig.1 and Fig.2 suggested that the strain DACO-6
could completely degrade chlorothalonil, and hydroxychlorothalonil was an important intermediate
metabolite of chlorothalonil biodegradation by
strain DACO-6. It was believed that the strain
DACO-6 could be used for control of chlorothalonil
(or hydroxychlorothalonil) pollution.

"52,7(4*,5- 9/, 897(04   54 */2575
9/(25402 OD600 did not change significantly
(P>0.05) when the concentration of chlorothalonil
was increased from 50mg/L to 250mg/L. But OD600
would decrease significantly if the concentration of
chlorothalonil increased to 500mg/L or 1000mg/L
(Fig.3). The results showed that the strain DACO-6
had been inhibited by 500mg/L or 1000mg/L chlorothalonil, but it was still growing. Therefore, it
was preliminarily considered that the strain DA-

,.7(+(9054 5- />+75=>*/25759/(25402 )>
897(04  The inorganic salt culture medium
containing 10mg/L hydroxychlorothalonil was inoculated with 3% strain DACO-6 inoculum, and then
place it in the shaker (120rpm, 35°C). The concentration of hydroxychlorothalonil was determined
regularly.
"52,7(4*,5- 9/, 897(04   54 */2575
9/(25402 The concentration of chlorothalonil in the
inorganic salt medium was adjusted respectively to
50mg/L, 100mg/L, 250mg/L, 500 mg/L and 1000
mg/L. Then the strain DACO-6 was inoculated respectively for shaking cultivation at 35°C. OD600
was determined regularly, so as to evaluate the tolerance of strain DACO-6 on chlorothalonil.
--,*9 5- -57,89 /:3:8 8502 54 +,.7(+(9054
5- */25759/(25402 )> 897(04   Add 10%
(w/w) sterilized forest humus soil to inorganic salt
medium and mix thoroughly. The chlorothalonil
concentration in the mixture was adjusted to
50mg/L. 3% strain DACO-6 inoculum was inocu-
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inferred that:  The strain DACO-6 had good tolerance on chlorothalonil.  The strain DACO-6
had a strong ability to degrade chlorothalonil,
which could be used in a wider concentration range
of chlorothalonil.  It was possible that the strain
DACO-6 was used in the bioremediation of chlorothalonil pollution.

CO-6 could tolerate at least 1000mg/L chlorothalonil under the experimental conditions. Although
the strain DACO-6 would be significantly inhibited
by 500mg/L (or 1000mg/L) chlorothalonil, it still
could effectively degrade chlorothalonil (because
chlorothalonil was used as the sole carbon source in
the study). According to the existing results, it was
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,.7(+(90545-*/25759/(25402040457.(40*8(293,+0:3(++,+<09//:3:88502)>9/,897(04 
--,*9 5- -57,89 /:3:8 8502 54 +,.7(+(9054
5- */25759/(25402 )> 897(04   Since the
agroforestry soil usually contained a certain amount
of humus, the effect of humus on the microbial
degradation of chlorothalonil was tested here. Soil
humus was usually beneficial to promote the reproduction of soil microorganisms and increased
the microbial content in soil [26, 27]. The results in
Fig.4 showed that the chlorothalonil could be rapidly degraded in humus-containing culture medium
by the strain DACO-6, and the degradation rate
could reach about 99% in 5d, half life=1.44d.
Comparing the data in Fig. 4 with Fig. 1, it could be
seen that the degradation rate of chlorothalonil by
the strain DACO-6 was significantly increased after
humus was added to the medium. In addition, the
concentration of hydroxychlorothalonil was found
to be lower, and its degradation rate was also faster.
In general, the rapid degradation of intermediate

products helps to increase the degradation rate of
the parent compound [28].

#!
In this study,       DACO-6 was isolated from soil, which could degrade
chlorothalonil. The optimal pH value and temperature of strain DACO-6 were 7.0-7.5 and 35°C. The
strain DACO-6 also had high tolerance to chlorothalonil. It could tolerate at least 1000mg/L chlorothalonil under the experimental conditions. The
degradation rate of chlorothalonil (50mg/L) by the
strain DACO-6 could reach about 95.2% in 5d.
Adding humus soil in the medium could significantly increase the degradation rate of chlorothalonil by the strain DACO-6. These results suggest-
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6BAG8KG 4A7 9HEG;8E 5L F;4C8 )86BA7?L J8 6B@
C4E87 G;8 7<FGE<5HG<BA B9 C4G6; F<M8F 4A7 G;8 CE8F
8A68 B9 ?BFG 6BAG<AHBHF A8J C4G6;8F <A G;8 FGH7L
F<G8F*;<E7?LJ864?6H?4G87G;88KG8AGGBJ;<6;G;8
?BFG %-, C4G6;8F J8E8 GE4AF9BE@87 <AGB 9BE8FG
*;8 E8FH?GF F;BJ G;8 8KC4AF<BA B9 JBB7L I8:8G4
G<BA <A G;8 FGH7<87 ?4A7F64C8F J<G; 4 6BAF<78E45?8
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G;8M86;MBA4?I8:8G4G<BA4A7<G<F8FF8AG<4?9BE<GF
86B?B:<64? FG45<?<GL %-, ;4F 4?FB @4AL >8L
DH4?<G<8F 4A7 58A89<GF <A CE8F8AG74L 6H?GHE4? ?4A7
F64C8 G 466B@C4A<8F FB@8 GLC<64? ?4A7F64C8 984
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FB@8@BE8<A7<64GBEF
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Spatial distribution of soil heavy metals is
controlled by different factors, and a single structure is insufficient to characterize the real spatial
structure influenced by different factors. On this
basis, 376 surface (0-20 cm) soil samples were collected in a typical sewage irrigation area (southeast
of Beijing) and analyzed for total As, Cd, Cu, and
Pb concentrations to study the spatial structure
characteristics and the influence of multi-scale factors of soil heavy metals. The results showed that
the spatial structures of soil all As, Cd, Cu, and Pb
concentrations appeared as nested structures. The
spatial distributions of Cd, Cu, and Pb concentrations were closely related to river flow trend and
indicated strong spatial correlations in the northwest-southeast direction. High-value areas were
mainly distributed in the middle north region of the
study area (Liangshui River basin), west of the
study area (Yongding River basin), and northeast of
Tongzhou District. Activities of sewage irrigation
and soil parent materials were the main sources of
soil heavy metals in the study area; the two scale
factors co-existed and made spatial structures of Cd,
Cu, and Pb concentrations nested ones. The spatial
autocorrelation distances of Cd, Cu, and Pb concentrations dominated by small-scale factor such as
sewage irrigation were 7.60, 11.35, and 9.49 km.
However, spatial autocorrelation distances dominated by large-scale factor such as soil parent material were 23.18, 26.65, and 31.70 km. The sources
of As contamination should be further studied. By
analyzing the different influencing scale factors of
the spatial distribution of soil heavy metal content
in the area studied, the sources of soil heavy metal
pollution can be clearly traced.



The pollution and formation processes of soil
heavy metals are major concerns because metals
are closely related to human health [1, 2]. Determining the pollution and sources of soil heavy metals is the basis of soil risk evaluation and risk management, which can provide the necessary basis for
the subsequent treatment and remediation [3]. At
present, the methods of soil heavy metal source
analysis mainly include chemical form research of
heavy metals, profile distribution, isotope tracer
studies, geostatistical analysis, and multivariate
statistical analysis [4, 5, 6, 7, 8]. In recent years,
geostatistics has been widely used to analyze the
sources of soil heavy metals based on the macro
scale because the spatial distribution characteristics
of soil heavy metals can be understood directly by
geostatistics [9].
The spatial distribution of soil heavy metals
and their pollution causes are quantitatively described through the calculation, fitting, and comparison of the semivariogram by geostatistics. For
example, the soil heavy metals of Lixia River area
in Jiangsu Province were analyzed to show that Cd
and Zn concentrations are mainly affected by artificial factors and range between 1.67 and 2.79 km,
respectively. The other heavy metals are mainly
influenced by large-scale factors such as soil parent
material and range between 12.37 and 52.11 km
[10]. The study of soil heavy metals in Beijing urban road revealed that nugget/sill ratio of Ni is
11.2% and is mainly controlled by natural factors
(e.g., soil parent material), other heavy metals exhibit moderate variability and are mainly affected
by human activities [11]. The study of soil heavy
metals in the industrial area of Tehran (Iran) indicated that all heavy metals present moderate variation and were simultaneously affected by natural
factors and human activities, the spatial autocorrelation distance ranges from 775 m to 2638 m [12].
Soil heavy metals have multiple sources and
are affected by many factors, such as natural and

(&!"
soil, heavy metal, pollution sources, spatial structure,
geostatistics
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heavy metals. Liangshui River is the second largest
sewage river in Beijing and has been used for irrigation in this area for many years [24].


artificial factors [13, 14 ,15, 16]. Different structural features are displayed in spatial distribution due
to the result of different scale factors [17, 18]. A
single structure is insufficient to characterize the
spatial structure, and nested structure can reveal
spatial characteristics comprehensively [19]. Nested structure was applied to study Cr, Ni, Pb, and Hg
concentrations of Beijing, and the results showed
that the spatial variability of heavy metals depends
on the spatial scale [20]. The study of the Ebro
River basin characterized and mapped the spatial
variability patterns of seven topsoil heavy metals
(Cd, Cu, Cr, Ni, Hg, Pb, and Zn) under three different scales, and the results confirmed that bedrock
composition and dynamics influence the heavy
metal concentrations at all spatial scales; human
activities exhibited a significant effect only at the
short- and medium-range scale of variation [21].
Soil heavy metals in sewage irrigation area
have complex sources, and the spatial distribution
of metals is affected by sewage irrigation, soil parent material, and other factors. To our knowledge,
the spatial structure of soil heavy metals in sewage
irrigation area, especially under the influence of
multi-scale factors, are few. In this study, As, Cd,
Cu, and Pb concentrations of sewage irrigation area
(southeast of Beijing) were used as a case to investigate the spatial structure characteristics and multi-scale factors that affect them in a typical sewage
irrigation area. Furthermore, the pollution sources
of soil heavy metals were discussed.


#!"#"

":;-> *8.* The study area is located southeast of Beijing (Figure 1). The area experiences
continental monsoon climate and has an annual
rainfall of approximately 620 mm. Soil types
mainly include fluvo-aquic soil (Calcaric Cambisol)
and cinnamon soil (Anthrosol), and crop types are
mainly winter wheat and corn. The range of soil pH
of the study area is 7.8-8.6 [22]. The southeast suburb of Beijing is located in the alluvial plain formed
by the alluviation of several rivers. The flat terrain
and fertile soil are suitable for the growth of crops.
Water demand for crop growth cannot be satisfied
owing to the lack of surface water in the north.
Liangshui and Fenggang rivers were used for irrigation in the early times to ensure agricultural production. Sewage irrigation could be traced back to
the 1960s and 1970s, sewage irrigation area is approximately 1.24 × 104 hm2 and sewage irrigation
time is about 8 months (from March to June and
September to mid-December). Sewage is mixed
sewage, which is mainly from municipal
wastewater and industrial wastewater. Irrigation
amount is nearly 3×103 m3/(hm2⋅a) [23]. Irrigation
water was rich in suspended matter content, organic
matter, nitrogen, phosphorus, potassium, and some

$!
"7*:2*3-29:82+;:2656/96239*473.9



"*473250 The study area has a total area of
1932 km2. The grid method was adopted to layout
the points with an average of 0.5 km2 a point, and
376 surface (0-20 cm) soil samples were collected.
GPS was used to fix the position of the samples.

1.42,*3 *5*3>929 The samples were
air-dried, ground, passed through a 0.149 mm nylon
sieve, and digested with HNO3 and H2O2 using
Method 3050B [25]. All chemical reagents and
ultrapure water used were highly pure or spectroscopically pure in the process of analysis. The concentration of As was analyzed by atomic fluorescence spectrometry (AFS-9800, Beijing Haiguang
Instrument Co., Ltd., China), Cd concentration by
graphite furnace atomic absorption spectrometry
(ContrAA® 700, Analytik Jena AG, Jena, Germany), and those of Cu and Pb by flame atomic absorption spectrometry (ContrAA® 700, Analytik
Jena AG, Jena, Germany) [26]. A standard reference material (GSS-1) was inserted for quality control in the process of analysis, and the recovery
rates of heavy metals were within the allowable
range of national reference materials. The samples
of numbers missing in the process of transportation
and analysis were excluded. Finally, for As, Cd, Cu,
and Pb samples, the numbers of valid data were 319,
376, 364, and 375, respectively.

*:* 786,.99250 The Kolmogorov-Smirnov
(K-S) method was adopted to conduct a normality
test with 0.95 confidence intervals, and it was
found that original data of all heavy metals did not
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No correlation exists between samples when the
distance of samples is equal to or greater than the
correlation distance.
The value that the semivariogram model attains at the range (the value on the y-axis) is called
the sill (+). Nugget/sill ratio is often used to
characterize the strength of spatial autocorrelation.
When the ratio is less than 25%, a strong spatial
autocorrelation exists and the spatial structure is
mainly affected by intrinsic factors; when the ratio
is between 25% and 75%, a moderate spatial autocorrelation exists and the spatial structure is affected by intrinsic factors and extrinsic factors; when
the ratio is more than 75%, a weak spatial autocorrelation exists and the spatial structure is mainly
affected by extrinsic factors [27, 28].
In this study, heavy metal concentrations were
spatially interpolated using ordinary kriging.
Kriging interpolation is an interpolation method
that uses the original data and characteristic parameters of the semivariogram model to conduct an
unbiased optimal estimation to the unsampled area.


!"$#"

1*8*,:.829:2,9 6/ 9623 1.*<> 4.:*39 25 :1.
9:;-> *8.* As, Cu, and Pb concentrations were
accumulated in different degrees in the study area
(Table 1). The concentrations of As, Cu, and Pb in
the study area were higher than the background
values of As (7.81 mg/kg), Cu (19.7 mg/kg), and Pb
(25.1 mg/kg) in Beijing [29] ( <0.05). The concentrations of 7 As samples, 3 Cd samples, 38 Cu samples, and 72 Pb samples accounted for 2.2%, 0.8%,
10.4%, and 19.2% of the total samples, respectively;
these values were over the baseline values of soil
heavy metals in Beijing.

coincide with normal distribution except that of Pb.
After logarithmic transformation, the data of all
heavy metals followed the normal distribution. The
test was completed with SPSS 20.0 software. 
Geostatistics was used to describe the spatial
characteristics of 4 heavy metals at the regional
scale, the spherical model was used to fit the omnidirectional semivariogram of As, Cd, Cu, and Pb
concentrations; the spherical and Gaussian models
were used to fit the semivariograms in different
directions of the elements. The functions were
completed with Variowin 2.0 software.
The spherical model formula is as follows:
2

γ *() =

1  ()
∑ [  (  ) −  (  + )]
2  ()  =1

()

0
=0
⎧
⎪
3  1 3
⎪
γ () = ⎨0 +  ( • − • 3 ) 0 <  ≤ 
2  2 
⎪

>
⎪
0 +
⎩
( )
The Gaussian model formula is as follows:

⎧
⎪

γ ( ) = ⎨

=0

0

⎪
⎩0 +  (1 − 


− ( )2


( )

) >0

In Formula , () indicates the number of
pairs of a distance in the study area. Z( i) and Z( i
+ ) are measured values when the point is at and
(  + ) location.  is the distance between two
sample points. In Formulas   and  ,  is the
nugget value that represents the experimental error
and the spatial variability in minimum sampling
scale. is the partial sill value. With the increase in
distance, the semivariogram increases gradually;
the space of samples is called the correlation distance when the variogram reaches the range value.

#
.9,827:2<.9:*:29:2,96/96231.*<>4.:*3925:1.9:;->*8.*
Number of
valid data
As
Background value of
As
Cd
Background value of
Cd
Cu
Background value of
Cu
Pb
Background value of
Pb


Heavy metal concentration (mg/kg)

25.26

Arithmetic
mean
8.22

Standard
deviation
2.39

319

Minimum
3.33

115

1.39

7.46

18.85

7.81

3.22

376

0.018

0.109

0.4

0.125

0.064

117

0.032

0.111

0.632

0.145

0.112

364

7.20

22.0

93.0

23.8

10.1

117

6.0

19.4

37.9

19.7

6.33

375

12.54

27.9

58.17

28.71

6.82

101

11.5

25.1

38.2

25.1

5.08

Median

Maximum

7.89
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"7*:2*3 9:8;,:;8. ,1*8*,:.829:2,9 6/ 9623
 reached a certain value again (range of structure
1.*<> 4.:*39 The spatial structures of soil heavy
2). At this time, the sill values of As, Cd, Cu, and
metals in the study area all appeared as nested
Pb were 0.0185, 0.0510, 0.0300, and 53.94, and the
structures (Table 2, Figure 2). The nugget/sill ratios
ranges were 38.50, 23.18, 26.65, and 31.70 km.
of all heavy metals were between 25% and 75%,
The spatial correlation of soil heavy metals
which showed a moderate degree of correlation.
showed obvious differences in different directions
The spatial variability of heavy metals may be af(Table 3). A strong spatial continuity was found for
fected by intrinsic (soil parent materials) and exall heavy metals in the northwest-southeast directrinsic aspects (specific agricultural practices).
tion. The nugget/sill ratios for As, Cd, Cu, and Pb
When =0, the obvious nugget effects among four
were 36.5%, 50.3%, 42.1%, and 45.3%,
heavy metals and nugget values were 0.0069,
respectively, and their space autocorrelation
0.0260, 0.0129, and 27.62 for As, Cd, Cu, and Pb,
distances were 20.36, 28.49, 14.23, and 8.34 km.
respectively. As for structure 1, the sill values inSpatial continuity was weak in the east-west direccreased with . When increased to a certain value
tion for As and Cu. The nugget/sill ratios for As and
(range of structure 1), the sill of heavy metals
Cu were 65.5% and 74.6%, and their space
autocorrelation distances were 15.50 and 10.90 km.
reached the stable values of 0.0127, 0.0385, 0.0207,
However, for Cd and Pb, the spatial continuity was
and 45.01. The ranges of heavy metals were 16.50,
weak in the south-north direction. The nugget/sill
7.60, 11.35, and 9.49 km, respectively. As for
ratios for Cd and Pb were 78.4% and 67.1%, and
structure 2, with the continuous increase in , the
their space autocorrelation distances were 7.38 and
sill values of all heavy metals continued to increase
12.00 km.
and spatial dependence was further enhanced until


#
.9:/2::.-9.42<*82608*446-.36/96231.*<>4.:*39*5-:1.287*8*4.:.89
Range
Metal
Model


+
/(+)(%)
(km)
0.0069
0.0058
0.0127
54.3
16.50
As
Spherical
0.0069
0.0116
0.0185
37.3
38.50
0.0260
0.0125
0.0385
67.5
7.60
Cd
Spherical
0.0260
0.0250
0.0510
51.0
23.18
0.0129
0.0078
0.0207
62.3
11.35
Cu
Spherical
0.0129
0.0171
0.0300
43.0
26.65
27.62
17.39
45.01
61.4
9.49
Pb
Spherical
27.62
26.32
53.94
51.2
31.70
 nugget (the variation caused by the experimental error),  partial sill (the variation caused by the structural error), +
sill, Range (the distance of spatial variability)
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#
".42<*82608*446-.396/96231.*<>4.:*39*5-:1.287*8*4.:.8925-2//.8.5:-28.,:2659
Metal
As

Cd

Cu

Pb

Direction



+

/((%)

Range(km)

Model

East-west
Northeast-southwest
South-north
Northwest-southeast
East-west
Northeast-southwest
South-north
Northwest-southeast
East-west
Northeast-southwest
South-north
Northwest-southeast
East-west
Northeast-southwest
South-north
Northwest-southeast

0.0072
0.0076
0.0062
0.0054
0.0325
0.0248
0.0273
0.0300
0.0150
0.0138
0.0111
0.0096
20.79
28.36
29.77
21.04

0.0110
0.0150
0.0128
0.0148
0.0585
0.0393
0.0348
0.0596
0.0201
0.0204
0.0207
0.0228
44.76
45.81
44.34
46.42

65.5
50.7
48.4
36.5
55.6
63.1
78.4
50.3
74.6
67.6
53.6
42.1
46.4
63.3
67.1
45.3

15.50
24.50
12.00
20.36
28.00
13.55
7.38
28.49
10.90
10.70
10.45
14.23
8.00
10.90
12.00
8.34

Spherical
Spherical
Spherical
Spherical
Gaussian
Spherical
Spherical
Gaussian
Spherical
Spherical
Spherical
Spherical
Spherical
Spherical
Spherical
Spherical



$!
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"7*:2*3 -29:82+;:265 6/ 9623 1.*<> 4.:*39 25
9:;-> *8.* The spatial distribution of soil heavy
metals in the study area differed markedly, and obvious accumulation of heavy metals was found
(Figure 3). As for As, the high content area was
located mainly in the central region of Daxing District, and the concentration was higher than 11.03
mg/kg and the background value (7.81 mg/kg). In
other regions, the concentration of As was below or
slightly higher than the background value. As for
Cd, several high-content regions were found, such
as the northern and southern parts of Daxing and a
few northern parts of Tongzhou. High content areas
of Cu were located mainly in the middle north region of the study area and northeast of Tongzhou.
The concentration of Cu was higher than 26.03
mg/kg, and the concentration in the middle north
region was even higher than 32.36 mg/kg, which
was considerably higher than the background value
of soil Cu in Beijing (19.7 mg/kg). High-value regions of Pb were located near the river, such as
west and northeast of Tongzhou and west of Daxing.
The concentration was higher than 30.18 mg/kg and
was even higher than 35.26 mg/kg in some areas.


"$""

"6;8,.9 6/ 9623 1.*<>4.:*39 Sewage irrigation and soil parent material are the main sources of
soil heavy metals in the study area. In the present
study, the spatial distribution characteristics of
heavy metals in the study area were closely related
to the distribution of rivers in the region.
High-value regions of Cd, Cu, and Pb elements
were mainly distributed in some areas near the river,
such as Liangshui River basin, northern region of
Liangshui River basin, and Yongding River region.
Liangshui River was once used for receiving pollutants, and the heavy metal concentration in sewage
and sediments is extremely high. Similarly, previous investigation showed that the heavy metal pollution of Liangshui River was serious [30]. Industrial factories in Shijingshan District in the upper
reaches of the Yongding River were possible
sources for Pb pollution in the soils of the west part
of Daxing District [22]. These factories produce
waste water and exhaust gas, which were discharged and deposited into the Yongding River.
Fenggang River is an artificial river used for
flood control and waterlogged elimination, and the
main source of river water is surface runoff [22].
Farmland on both sides of the rivers has the history
of irrigating with surface water. The different functions of rivers lead to the difference in soil heavy
metal concentrations of river water and further
cause different accumulation degrees of Cd, Cu,
and Pb concentrations of soils. This phenomenon
led to a decreasing trend of concentration gradient
from northwest to southeast. The concentrations of

soil heavy metals in most areas are similar to the
background values in Beijing, indicating that the
natural parent material perhaps is the main source
of soil heavy metals.
Land use type is another possible factor that
affects the concentration of soil heavy metals.
High-value regions, especially for Cu and Pb, in the
north of Tongzhou may be related to this factor. In
this local area, cultivated land is the main land use
type. Intensive agricultural activities and wide use
of agricultural inputs may be the possible sources
of Cu and Pb elements [31, 32]. Relatively high
amounts of As is present in the soils of Daxing District, and isolated pollution hotspots may imply
local pollution sources that should be further studied.
"7*:2*3 9:8;,:;8. 6/ 9623 1.*<> 4.:*39 *5-
7633;:265,*;9.9In the present study, As, Cd, Cu,
and Pb concentrations showed two kinds of spatial
structures because of the factors from two scales.
The spatial structure of regional variables with
complex changes should be described by more than
two theoretical models instead of a single theoretical model. The spatial variability is caused by several factors from different scales, and all of these
factors play a role at the same time and act on the
spatial autocorrelation distance [33]. Related studies have shown that using a single structure to estimate semivariogram model in different scales is
undesirable. The semivariogram is diverse in different scales, and the spatial structure of regional
variables should be described and characterized by
using multiple semivariograms under different
scales [34]. In this study, the high-value areas of Cd,
Cu, and Pb elements are consistent with the distribution of river in sewage irrigation area. The flow
trend of Liangshui River is from west to east, and
sewage irrigation results in the increase of Cd, Cu,
and Pb concentrations on both sides of Liangshui
River. Being close to the river indicated great
probability of sewage irrigation and serious pollution. Therefore, as for the spatial structure, a strong
correlation of Cd, Cu, and Pb is found from northwest to southeast. The spatial autocorrelation distances dominated by sewage irrigation factor are
7.60, 11.35, and 9.49 km. The results show that the
areas of Cd, Cu, and Pb concentrations are less than
or equal to the background values of corresponding
elements and account for 92.12%, 48.15%, and
15.03% of the total study area. The spatial autocorrelation distances dominated by soil parent material
are 23.18, 26.65, and 31.70 km.
Recent studies have shown that different scale
factors significantly influence the spatial structure
of heavy metals (Table 4). For example, the study
of heavy metals in Changjiang Estuary showed that
ranges of As, Cd, and Pb are 22.96, 62.19, and
38.48 km, respectively; this result reflects the
influence of large-scale factors, such as soil parent
material, wind, and topography [35]. The study of
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#
".42<*82608*446-.396/96231.*<>4.:*39*5-:1.287*8*4.:.89;5-.8-2//.8.5:9,*3.9
Metal

As

Cd

Cu

Pb

Study area
Tongzhou and
Daxing
Changjiang
Estuary
Shenyang
Tongzhou and
Daxing
Changjiang
Estuary
Chitgar Forrest
Park
Tongzhou and
Daxing
Wenling
Chitgar Forrest
Park
Tongzhou and
Daxing
Changjiang
Estuary
Chitgar Forrest
Park

Size (km2)
1932


0.0069
0.0069


0.0127
0.0185

(%)
54.3
37.3

Range(km)
16.50
38.50

1
2

Model
Spherical
Spherical

Reference
(This study)

-

1.69

5.7

29.6

22.96

Spherical

[35]

39

194.60
0.0260
0.0260

389.3
0.0385
0.0510

50
67.5
51

2.527
7.60
23.18

Gaussian
1 Spherical
2 Spherical

[36]

-

0.0011

0.0017

64.71

62.19

Spherical

[35]

6.65

0.0037

0.0052

71

1.1

Spherical

[12]

926

0.0129
0.0129
0.066

0.0207
0.0300
0.201

62.3
43
48.9

11.35
26.65
18.60

6.65

13

21

62

1.2

1932

27.62
27.62

45.01
53.94

61.4
51.2

9.49
31.70

-

6.51

15.41

42.26

38.48

Spherical

[35]

6.65

0.027

0.057

47

0.775

Spherical

[12]

1932

1932

1
2

Spherical
Spherical
Spherical
Spherical

1
2

Spherical
Spherical

(This study)

(This study)
[37]
[12]
(This study)

dominated by soil parent material were 23.18,
26.65, and 31.70 km.

As element in an old industrial city (Shenyang) in
northeast China showed that the range of As is
2.527 km; this finding reflects the influence of
small-scale factors [36]. The study of heavy metals
in the industrial area of Tehran (Iran) showed that
the ranges of Cd, Cu, and Pb elements are 1.1, 1.2,
and 0.775 km, respectively; this observation
reflects the influence of small-scale factor such as
human activities [12].

&#" 
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The causes of heavy metal pollution were determined by analyzing the spatial structure and distribution characteristics of soil As, Cd, Cu, and Pb
concentrations in a typical sewage irrigation area.
In the present study, heavy metals in the study area
were accumulated in different degrees and showed
uneven regional distribution. A total of 7 samples
for As, 3 for Cd, 38 for Cu, and 72 for Pb exceeded
the baseline value. High-value areas were mainly
located in Lianghui River basin (middle north region of the study area), Yongding River basin (west
region of the study area), and northeastern of
Tongzhou District. The spatial distribution of Cd,
Cu, and Pb was closely related to the trend of the
river, and a strong spatial correlation was found in
the northwest–southeast direction. Sewage irrigation resulted in the increase in Cd, Cu, and Pb concentrations in both sides of the river. The sources of
As pollution should be further studied. The sources
of Cd, Cu, and Pb in the study area were mainly
from sewage irrigation and soil parent material.
Given the factors in different scales, the structures
of Cd, Cu, and Pb appeared as nested structures.
Spatial correlation distances dominated by sewage
irrigation were 7.60, 11.35, and 9.49 km, and those
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Cotton is grown in temperate conditions. It is
important to investigate how cotton genotypes
behave under cool conditions during germination.
This study aims to determine the factors affecting
the germination of cotton seeds under cool temperature conditions and to relate germination percentages to some seed and fiber characteristics of cotton
varieties under cool temperature conditions in the
laboratory. The experiment was conducted with 4
replications according to randomized plot design
and 14 cotton species (Teks, Stoneville-453, Stoneville-468, Deltaopal, Deltapine-499, Deltapine-332,
BA-119, Carmen, Sayar-314, SureGrow-125, Fantom, Berke, Flora and Gloria) were used. The relationship between the germination percentages of the
cotton varieties and 100 seed weights (g.100 seed1
), seed density (g.ml-1), water imbibition rate (%),
fiber fineness (mic.), fiber length (mm), ginning
percent (%) and seed cotton yields (kg.ha-1) were
determined at cool (18 oC) and normal (30 oC)
temperatures in the plant growth cabinet. The germination rate at 30 oC, which was considered the
normal germination temperature for cotton plant,
was the highest on the 7th day and germination
count was the highest on the 14th day when it was
germinated at 18 oC which was considered a cool
condition. Vigor index of Deltapine-499, Fantom,
Stoneville-453, Berke and SureGrow-125 varieties
were higher than the others in cool germination
conditions (18 °C). When the temperature of germination decreased, the length of germination period was increased in cotton seeds. Germination
percentage of the seeds at cool condition was positively correlated with 100 seed weight (r=+0.76,
p<0.01), seed density (r=+0.46; p<0.01), seed cotton yield (r=+0.53; p<0.01), fiber fineness
(r=+0.77, p<0.01) and water imbibition rate
(r=+0.83; p<0.01) while it was negatively correlated with fiber length (r=-0.61; p<0.01) and ginning
percent (r=-0.10; p=0.46). It is advisable to take
into consideration the parameters such as 100 seed
weight, seed density, water imbibition rate, and
fiber fineness as an indicator for seed maturity for
high germination percentage and vigour.
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Many environmental factors affect the development of cotton plant. Temperature is the most
important of these factors. Germination in cotton
seeds begins with water intake and continues with
many biochemical and physiological changes such
as softening of seed husk, seed swelling and cracking of seed husk by the imbibition of water [1].
Temperature and humidity are important factors in
the germination of cottonseed. It is important that
the resistance of the chalazal layer formed of lignin,
pentosan and wax in the cotton seed husk is overcome by the effect of water and temperature. If the
temperature is insufficient, germination cannot
occur. Cotton germination is known to be inhibited
at low temperatures [2]. The optimum germination
temperature in cotton seeds is 30-34 °C, germination slows at 15.5 °C and germination stops at 1114 °C [3, 4]. In most cotton varieties, a minimum of
18°C and an optimum 33-36 °C and a maximum of
39 °C temperature were determined for germination
[5 - 8].
According to data (1970-2016) for many years
in Turkey from May to September period (hot period) and from 5 cm soil depth to 10 cm soil depth
the ground temperature decreases, but in other
periods (cold / cool periods) it increases (Figure 1).
Cotton is usually planted from April 15 to May 15
in Diyarbakir/Turkey ecological conditions. The
most important factor affecting the planting date is
the temperature of the air and the soil. According to
long years (1970-2016) data, temperature changes
at 5 cm soil depth were 8 °C, 14 °C and 20.5 °C in
March, April and May, respectively (MGM data).
In addition, especially in April-May, decreasing day
and night temperatures because of rains in this
period negatively affect cotton seeds germination
and emergence.
One of the biggest obstacles to early planting
and the prolongation of the vegetation period is the
seed genetic makeup for the germination and emergence at low temperatures. Especially after mid-
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night, there are serious decreases in air temperatures. This affects cotton germination, emergence
and seedling growth negatively. Replanting should
be done with the low temperature period that occurs
after early planting because of stand deficiencies
and poor seedling growth in the field.
The presence of germination ability of cotton
seeds at low temperatures will provide opportunity
for early planting. In this case plant development
stage will be longer that will lead to positive effect
in cotton fiber yield [9 - 13]. and quality characteristics [11]. Also, it will prevent the adverse effects
of the low temperatures that occurs after the date of
planting in the spring. Studies of germination in
cool or cold conditions are important because of the
possibility of early planting of cotton plant and the
prolongation of the vegetation period. The aim of
this study was to determine the factors affecting the
germination of cotton seeds at different temperatures and the relationship between the germination
tolerance of cotton seeds at low temperature and
some seed characteristics.


%#$ %!$

The study was carried out in the research area
of Faculty of Agriculture at Dicle University in
2016 with the seeds belonging to 14 cotton (
 L.) cultivars (Teks, Stoneville-453, Stoneville-468, Deltaopal, Deltapine-499, Deltapine-332,
BA-119, Carmen, Sayar-314, SureGrow-125, Fantom, Berke, Flora and Gloria). The germination
tests at 18 °C and 30 °C temperatures were carried
out at the Research and Application Center for
Science and Technology at Dicle University in
2017 with 4 replications, according to randomized
plot design. In the study, 100 seed weights (g.100
seed-1), seed density (g.ml-1), water imbibition rate
(%) [14], fiber fineness (mic), fiber length (mm),
ginning percent (%) and seed cotton yields (kg.ha1
), germination rates (%), germination coefficient
and vigor index values on day 4, 7, 14 and 21 in
warm (30 °C) and cool (18 °C) temperatures were
determined. Germination was carried out in temperature, humidity and light controlled plant growth
cabinet. The seeds of cotton varieties were germinated on germination papers as 4 replicates of 50
seeds each time, at 18 °C and 30 °C constant temperature and 100% humidity conditions on plant
growing cabinet. At the end of days 4, 7, 14 and 21
the seeds were considered to have germinated if
they have a hypocotyl length of 3.8 cm or more [15,
16].
The calculation formula for coefficient of
germination and vigor Indexare as follows:

(2)
where, A is the number of seeds that germinated; 
is the time (days) corresponding to A; is the number of days to final count.
In the study, the values obtained for each parameter were analysed using JMP 7.0 (Copyright ©
2007 SAS Institute Inc.) statistical package program; the results were grouped according to the
LSD (0.05) test.
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Average values for 100 seed weights (g.100
seed-1), seed density (g.ml-1), water imbibition rate
(%), fiber fineness (mic), fiber length (mm), ginning percent and seed cotton yields (kg.ha-1) were
shown in Table 1. Difference between genotypes
were statistically (1%) significant. Ranges and
average values for 100 seed weights (g.100 seed-1),
seed density (g.ml-1), water imbibition rate (%),
fiber fineness (mic), fiber length (mm), ginning
percent (%) and seed cotton yields (kg.ha-1) were
9.81-12.03 g.100 seed-1., (10.97 g.100 seed-1); 0.971.08 g.ml-1, (1.04 g.ml-1); 25.58%-40.64%
(32.12%); 3.62-5.60 mic., (4.46 mic.); 27.85-31.62
mm., (29.34 mm); 4205.42-5779.37 kg.ha-1,
(5058.71 kg.ha-1), respectively.
Ginning percent, seed cotton yields 100 seed
weight, seed density, fiber fineness and fiber length
characteristics are indicative of plant growth. In
addition, the water imbibition rate of the seeds is
indicative of the permeability and seed maturity of
the seed coat.
Germination rates (%), germination coefficient and vigor index values at 4th day, 7th day, 14th
day, 21st day in normal (30 °C) and cool (18 °C)
temperature conditions of the of the cultivars were
given in Table 2. The difference between the varieties in terms of germination rates, germination
coefficient and vigor index characteristics at 4, 7,
14 and 21 days of germination at 30 °C (normal)
and 18 °C (cool) temperature conditions was statistically significant. When the germination rate at 30
°C, which is considered as the normal germination
temperature for cotton plant, was examined, it was
determined that germination was the highest on 7th
day and germination count was the highest count on
the 14th day when it was germinated at 18 °C,
which is considered as a cool condition. This situation causes the germination period to become longer when the germination temperature decreased.
Similar results were observed in the studies of
many researchers [8, 15, 17 - 22].

(1)
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The values of germination coefficient at 30 °C
for Deltapine-499, Berke, Stoneville-453, BA-119,
Sayar-314 and Deltapine-332 were high that is the
proportion of germination occurring in the 4th and
7th days of these varieties was quite high in total
germination. However, germination coefficients of
the Fantom, Deltapine-499, BA-119, Berke and
Sayar-314 varieties were high in the cool (18 °C)
germination conditions. The vigor index of Stoneville-453, Berke, Deltapine-332 and Teks varieties
were high at 30 °C, especially when the germination rates in the first 4 days were high in the total
germination and the vigor index were high. Howev-
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er, the vigor index of Deltapine-499, Fantom, Stoneville-453, Berke and SureGrow-125 varieties were
high in cool germination conditions (18 °C).
There were positive correlation between germination percentages at 18 °C and 100 seed weight
(r=+0.76, p <0.01), seed density (r=+0.46; p<0.01),
seed cotton yield (r=+0.53; p<0.01), fiber fineness
(r=+0.77; p<0.01) and water imbibition rates
(r=+0.83; p<0.01) while fiber length (r=-0.61;
p<0.01) and ginning percent (r=-0.10; p=0.46) were
negatively correlated (Figure 2). Similar results
have been demonstrated by the studies of many
researchers [8, 19, 23].
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The higher values for 100 seed weight, seed
density, fiber thickness and seed cotton yield characteristics which are the sign of good growing conditions of the plant and maturity of the seed, favored the germination in the cool conditions (18
°C). This was due to the fact that the germination
rate was high despite the increase in germination
times in the cool (18 °C) germination conditions,
with the seeds completing sufficient physiological
maturity with the appropriateness of the seed growing conditions. The prolongation of the germination

period indicated that the seeds needed to have sufficient nutrients under the soil. It can be assumed that
cool conditions (18 °C) do not have a detrimental
effect for germinated cotton seeds resulting that
germination reactions slow down and germination
takes longer. In addition, the high water imbibition
rate of the seed is related to the hardness and permeability of the seed coat. The seed permeability is
of great importance in the acquisition of the required moisture / water by the seed so that germination reactions can be carried out properly.
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100 seed weight (R2 = 0.58), fiber fineness (R2
= 0.58) and seed density (R2 = 0.21) tend to have a
linear increase of 7 days germination in the cool (18
°C) conditions (Figure 3, 4, 5). As the fiber fineness
increases, that is, as the fiber thickens, the 100 seed
weight and seed density values are indicative of
good growing conditions. The seeds obtained from
the completion of sufficient development in this
framework have reached physiological maturity.
Germination percentage was increased in the cool
(18 °C) germination condition of the cotton seed
which has reached physiological maturity. The seed
continues to germinate under cool conditions, maintaining its vitality for a longer period of time. During this time, maturity of the seed is necessary for
nutrients it needs and the continuation of its vital
activities throughout the germination period. The
results we have obtained are similar to those obtained by Bolek (2010) [19].
One of the biggest handicaps in germination
on cool/cold conditions is the difficulty of puncturing / tearing of the seed coat by the emerging embryo. Water imbibition (R2=0.68) values tended to
increase linearly with 7 days germination at 18 °C
conditions (Figure 6). When water imbibition value
increases, the water intake of the seeds will increase
and facilitate the reaction required for germination.
In addition, the increased water permeability of the
seed coat will break overcome its hardness, which
facilitates tearing the seed coat that gives rise to
germination in cool conditions. In this context,
water imbibition is thought to enhance germination
in cool conditions.
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There were genetic differences between cotton
varieties due to germination characteristics in cool
conditions and it was concluded that the growing
conditions of the plant influenced the growth of
cotton seeds which were germinated in cool conditions. Varieties Deltapine-499, Fantom, Stoneville453, Berke and SureGrow-125 had higher vigor
index than other varieties at 18 °C indicating these
varieties were more tolerant to cold. The difference
in the growth conditions of cotton plant as well as
seed index, seed density, water imbibition and fiber
fineness affected the germination of cotton seeds
under cool conditions. The increase in the germination period of seeds occurs when the cotton plant is
germinated in cool conditions. When the temperature of germination decreased in planted seeds of
cotton, length of germination period was extended.
Cotton seed production programs under suitable
environmental conditions is of importance in terms
of seed maturity. It is advisable to take into consideration the parameters such as 100 seed weight,
seed density, water imbibition and fiber fineness as
an indicator of seed maturity.
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Those reserves does not meet the growing energy demands in parallel with the growing world population. In the 1970s, the energy crisis has caused all
over the world to seek new and alternative sources
of energy because of the excessive increase in oil
prices. Therefore, biomass can be used as an important alternative energy source [1]. In recent years,
industrial developments have also brought about the
problems of wastes. Utilization and elimination of
wastes (industrial, domestic and agricultural) for societies has become inevitable. Especially in developing countries, agricultural wastes and residues have
an important sources to meet the energy demands. In
many developed countries, such wastes are converted to the new and commercialized products [2]
by biomass briquetting technology [3]. Biomass energy has a very important share of renewable energy
sources in energy production and contributed to a
rate of 39.1% in 2010 [4]. Although the agricultural
and other biomass wastes, especially in developing
countries, are important sources for the energy production, such wastes are left in the field for the purpose of fertilization, landfilled or destroyed by burning. Since these wastes or residues have low density
and high moisture content, it is not economical to
utilize for energy production and direct use of these
wastes is limited due to transport, storage, handling
and environmental pollution problems [5]. One of
the effective ways of valorization of wastes is briquetting technique [3]. Briquetting is a compression
process of material, which is sufficiently fragmented, to produce compacted material larger than
25 mm in diameter. Briquetting of the material increases its density from 100-200 kg/m3 to 1200
kg/m3. Briquetting enhances characteristics of biomass increasing the volumetric heating value, decreasing the transportation and storage costs, making
easily burned in large stoves, reducing particulate
emissions released into the atmosphere and acquiring good source of fuel in the same size and shape
[6].
Rose oil processing wastes (ROPW) cause environmental problems such as odor and visual pollution [7]. Organic matter content of these wastes are
high and constitute the energy source of biomass. At
the other side, Turkish coal enterprises (TKI) are encouraging the use of the lignite coal dust (LCD) and

This study focused on the evaluation of briquettes made of rose oil processing wastes obtained
from during the production of rose oil with lignite
coal dust (LCD). In the experiment, a hydraulic press
with the maximum compression pressure of 350
MPa was used for production of briquettes. Four
mixtures prepared (rose oil processing wastes-lignite
coal dust (%), dry weight basis) were 100-0; 75-25;
50-50, and 25-75. The mixtures were briquetted at
room temperature without using a binder for 30 seconds under pressure of 35 MPa. All briquettes were
stored under ambient conditions for 7 days before
testing. At the end of the experiment, full cylindrical
briquettes with the height of 100 mm and the diameter of 60 mm and hollow-core briquettes with the
height of 100 mm and the diameter of 80 mm with
20 mm central hole were produced. Physical tests of
briquettes such as shattering resistance, abrasive resistance, air humidity resistance, water intake resistance, and density measurement were performed.
Results showed that the density values of briquettes
varied between 1239 and 1274 kg/m3. Shattering resistance value of all briquettes changed between
95.46 and 98.72%. The results of abrasiveness test
showed that the increase in the amount of lignite coal
dust in the composition of briquettes led to decrease
in abrasive resistance value. Briquettes showed no
structural changes in terms of water intake resistance
and were determined to be pretty solid based on humidity resistance test. Furthermore, flue gas emissions values measured after combustion was found
to be below the limit values specified in Turkish
Regulation on Air Pollution Caused by Heating.
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Non-renewable energy sources such as coal,
oil, and natural gas reserves constitute approximately 94% of the world reserves of energy sources.
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full (Figure 1a) and hollow-core (Figure 1b) cylindrical briquettes, respectively, were used.
In briquetting process, ROPW with LCD was
filled in to the die by hand first and then materials
were compressed by the hydraulic press. Compression pressure was gradually increased depending on
how much the material compressed and when the
compression pressure reached to 35 MPa, the hydraulic system was stopped. To avoid a sudden expansion of the material being compacted in the die,
pressure application of hydraulic press continued 30
seconds.

the fine particles contained in wastes from the production of the lignite coal. These two sources of biomass mixed at specific proportions can be used to
produce biomass briquettes for energy generation.
The objective of this study is to evaluate briquettes
made of rose oil (     Mill.) processing
wastes with lignite coal dust using the briquetting
technology.


'?5396931C9>=B1=4C5BCB6>AC85@D1;9CH>62A9
@D5CC5BBriquettes were subjected to physical tests
such as shattering resistance, abrasive resistance, air
humidity resistance, water intake resistance, and
density measurement. Before the tests, briquettes
were kept under indoor conditions for 7 days.


)& 
1C854956>A8>;;>F3>A53H;9=4A931;2A9@D5CC5B
F9C835=C5A54B816C1=42C854956>A6D;;
3H;9=4A931;2A9@D5CC5B


!(& '"!(#'

'81CC5A9=7A5B9BC1=35Shattering resistance or
drop resistance test may simulate the forces encountered during emptying of densified products from
trucks onto ground, or from chutes into bins [9]. In
shattering resistance test, briquettes whose mass was
measured was dropped on a hard surface with the
height of 1 m for ten times. After this process, mass
of briquettes was determined again. Shattering resistance depending on the loss due to breakage of
briquettes on the surface was calculated based on the
following equation [10].

    
  
(Eq.1)

Experiments were conducted in Akdeniz University, Faculty of Agriculture, Farm Machinery Research and Application Area, Antalya, Turkey.
ROPW as briquetting material was obtained from
Biolandes Gül Industry and Trade Incorporation
Company in Isparta Province. Properties of ROPW
and LCD are given in the Table 1. LCD in each mixture was used to increase the heating value of briquettes for burning. There was no adhesive material
used in the experiments for briquetting.
The moisture contents of materials were determined using an oven set at 105 ±1°C for 24 hours
[8]. Ash contents of materials were analyzed based
on ISO 1171-1981 at 550ºC. Elemental analysis (total C and N) was performed using an elementary analyzer (Elementar vario MACRO CUBE, Germany).
The higher heating value of materials (LHV) was
measured using a calorimeter IKA C4000 (ISO1928-89).
A hydraulic type briquetting machine with
maximum compression pressure of 350 MPa was
used for briquetting process. It has 7.5-hp electric
motor power with stroke of 400 mm and stroke speed
of 6.2 mm/s. Two dies with the height of 150 mm
and inner diameter of 60 mm and 80 mm to produce

SR: Shattering resistance (%)
mi: mass of briquette before test (g)
mf: mass of briquette after test (g)

2A1B9E5 A5B9BC1=35 Abrasive resistance (%)
is measured by the test which is also called “durability test” simulating either mechanical or pneumatic
handling. To examine mechanical robustness, briquettes were subjected to durability tester described
by ASAE S269.4 [11]. Durability tester used in the
experiment is given in Figure 2.
In the experiments, 6 briquettes whose masses
were determined before, were placed in a cage of durability tester unit and rotated 40 min-1 for 3 minutes
as described by ASAE S269.4 [11]. At the end of rotation, briquettes were weighed again and the mass
was recorded. Abrasive resistance as a percentage is
calculated based on the resulting mass loss.

(  
$A>?5AC95B>6&#$+1=4 DB549=5G?5A9<5=C
Properties
Moisture content (wb.,%)
Ash content (%)
Total C (%)
Total N (%)
Higher heating value (kcal/kg)

ROPW
86.54
34.59
46.79
2.66
4491.2
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LCD
13.62
11.56
59.83
1.64
6536.00
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Mixing Ratios
Letters used
Types of
Letters used
ROPW
LCD
to describe
briquette
to describe
(%)
(%)
100
X
Full
A
75
25
Y
Hollow
B
50
50
Z


5C5A<9=1C9>= >6 6;D571B5<9BB9>=B To determine combustion flue gas emission resulted from
burning briquettes, traditional bucket type stove was
used and flue gas analyzer (TESTO 350 M XL-454)
was used to measure O2, CO, CO2, SO2, NOx, temperature, and combustion efficiency. Measurement
of combustion flue gas emission was performed
based on Regulation on Air Pollution Caused by
Heating [12]. In the experiments, the measuring
probe of flue gas analyzer was located at the point
opened on the vertical pipe of stove. Before starting
the measurement, pieces of wood in the stove were
burned until the combustion regime and then for
each trial three briquettes were placed perpendicularly to the combustion chamber. When performing
combustion of briquettes, flue gas analyzer was run
and measurements were recorded using with a computer.
The study was conducted in three replications.
Analysis of statistical data was carried out with the
software package SPSS, version 11.5 (SPSS Inc.,
2005). Variance analysis methods was applied to
find significant differences in the means and is given
in the variance analysis tables.
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(Eq.2)

: Abrasive resistance (%)
9AD<949CHA5B9BC1=35In this test, after the
briquettes are sun-dried in the ambient air conditions, they were kept in a room at the temperature of
20°C for 21 days. Mass of briquettes was tarred and
recorded after and before drying process. Depending
on the increase in weight of briquettes, equivalent
moisture content was determined as a percentage [3].

+1C5A9=C1:5A5B9BC1=35Short-term exposure
to rain or high humidity conditions during transportation and storage could adversely affect the quality
of the densified products [9]. Water intake resistance
is a measure of the amount of water absorbed by briquette immersed in the water. Before submerging
briquettes into water, the masses were measured.
Then, each briquette was immersed in tap water at
the temperature of 18°C for 2 minutes. Water intake
resistance depending on the increase in mass after 1
and 2 minutes, consecutively was recorded as a percentage [10]. Water intake resistance was calculated
based on the following equation. 

    
  
(Eq.3)

In this study, physical properties of briquettes
made of the mixture of ROPW and LCD were determined. Although briquettes at four different mixing
ratios were studied, briquette with the mixture of
25%/ROPW-75% LCD was not successfully obtained (Figure 3). Therefore, it was excluded from
the analyses. Mixing ratios of materials for briquetting, their types and their nomenclature are
given in Table 2.
The results of abrasive resistance test on the
specimens are given in Table 3 (P<0.05). Breakage
and cracks were observed for all types of briquettes
except for hollow briquettes (B) made of mixture of
100% ROPW (X). Both A and B types of briquettes
had the lowest AR in Z-mixture. Types of briquette
x mixtures interaction was found to be significant for
AR. The lowest AR (30.46%) was obtained for B
type briquette containing Z mixture. Results showed
that AR decreased with the increase in the amount of
LCD used in the mixtures. The highest AR (82.99%)
was obtained for B type briquette containing Z mixture. It should be noted that at the end of test, the

 = Water intake resistance (%)

5=B9CH <51BDA5<5=C Density of briquette
was calculated by means of measurement of the briquette size. Firstly, briquette was weighed and its
mass was recorded in this method. Then, outer diameter and length of the cylindrical briquette were
measured with the help of calipers and briquette volume was calculated. Briquette density can be calculated by mass of briquette dividing to its volume [3].
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(95.46 %). Results showed that SR decreased with
the increase in the amount of LCD for B type briquettes. The highest SR (98.72%) was obtained for
B type briquette containing X mixture. View of briquettes made of X, Y, and Z mixtures after shattering
resistance test is given in Figure 7, 8, and 9. Shattering resistance of briquettes obtained from this study
is in agreement with those obtained from the studies
of Kurklu and Bilgin [13], Bilgin [14] and Acaroğlu
and Oğuz [15]. Evaluating the shattering resistance
and abrasive test with together gives an idea about
quality of briquettes. However, it is difficult to give
a numerical value for these tests. Eriksson and Prior
[16] stated that durability of briquettes ranges from
50% to 100%.

remaining parts of briquettes on the 20 mm sieve was
not considered as a loss (Table 3). View of briquettes
made of X, Y, and Z mixtures after abrasive resistance test is given in Figure 4, 5, and 6.
The results on the effects of types of briquette
and mixtures on shattering resistance is given Table
4 (P<0.05). After shattering resistance test, fracture
and cracks on the briquettes occurred. Each briquette
was subjected to 10 repeated drops from 1 m height
onto a concrete surface. The losses occurred after the
tests and was calculated as the percent losses. Since
the effects of interaction (types of briquette x mixtures) on SR was significant, the lowest SR was calculated for A type briquette with the mixture of X
(95.24%) and B type briquette with the mixture of Z
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(85A5BD;CB>656653CB>6CH?5B>62A9@D5CC51=4<9GCDA5B>=12A1B9E5A5B9BC1=35$  
Average AR ± standard error
Types of briquettes
Mixtures
A
B
X
72.42 ± 4.35 a
82.99 ± 4.35 a
Y
71.09 ± 4.35 a
66.95 ± 4.35 b
Z
36.23 ± 4.35 b
30.46 ± 4.35 c
( 
(85A5BD;CB>656653CB>6CH?5B>62A9@D5CC51=4<9GCDA5B>=B81CC5A9=7A5B9BC1=35C5BC
Average shattering resistance ± standard error
Mixtures
Types of briquettes
A
B
X
95.24 ± 0.81 b
98.72 ± 0.81 a
Y
97.22 ± 0.81 a
97.39 ± 0.81 a
Z
97.13 ± 0.81 a
95.46 ± 0.81 b
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6653CB>6CH?5B>62A9@D5CC51=4<9GCDA5B9=C5A13C9>=>=F1C5A9=C1:5A5B9BC1=35
6>AC8569ABC<9=DC5<51BDA5<5=CB
Average water intake resistance (%) for the first minute measurements ± standard error
Mixtures
Types of briquettes
A
B
X
108.79 ± 6.28
74.720 ± 6.28
Y
69.82 ± 6.28
107.453 ± 6.28
Z
109.41 ± 6.28
115.970 ± 6.28
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6>AC85B53>=4<9=DC5<51BDA5<5=CB
Average water intake resistance (%) for the second minute measurements ± standard error
Mixtures
Types of briquettes
A
B
X
14.76 ± 2.14 a
17.20 ± 2.14 a
Y
5.44 ± 2.14 b
20.67 ± 2.14 b
Z
9.86 ± 2.14 b
9.74 ± 2.14 b
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for the second minute measurement (P<0.05). The
second minute measurement on water intake resistance test showed a decrease in the amount of water absorbed. Furthermore, even though briquettes
were immersed for one day, no structural change was
occurred. Since the effects of interaction (briquette
type x mixture) on water intake resistance for the
second minute measurement are significant, the
highest water intake resistance was calculated for A
type briquette with the mixture of X (14.76%) and
the lowest water intake resistance was calculated for
B type briquette with the mixture of Z (9.74%).
It has been reported that the increase in weight
of briquette at the end of each minute should be less
than 50% of the initial weight of briquette for the acceptable briquette quality and it was emphasized that
higher quality of briquette would be yielded when

Types of briquette and mixtures interaction on
water intake resistance for the first minute measurement showed that a significant amount of water was
absorbed at the end of the first minute in Table 5
(P<0.05). Water was quickly absorbed from the
cracked parts of briquettes and caused swelling of
briquettes (Table 5). As the effects of interaction
(briquette type x mixture) on water intake resistance
is significant, the lowest water intake resistance was
calculated for A type briquette with the mixture of Y
(69.82%) and B type briquette with the mixture of X
(74.72 %). The highest water intake resistance
(109.407%) was recorded for A type briquette with
the mixture of Z (109.407 %) and B type briquette
with the mixture of Z (115.97 %).
Table 6 presents the results on effects of types
of briquette and mixtures on water intake resistance
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and CO2 emissions started to decrease with the increase of O2 concentration at the beginning of steady
state of combustion process. Although CO2 emission
continuously decreased to a value of 2.5 % at the end
of experiment, CO emission started to increase after
180 second of process. The similar phenomenon was
observed by Bhattaharya and Salam [17]; El Saeidy
[18]; Koyuncu and Pınar [19] and Bilgin [20]. It was
observed that, short-term peaks of O2, CO and CO2
emissions during the combustion period was observed since fuel/air ratio could not be controlled at
the bucket type stoves.
NOx emission during the process was at very
low level (averagely 100 ppm) and did not fluctuate
widely. The results are parallel to that obtained for
sesame stalk briquettes [20]. It should be pointed out
that there was no SO2 emission recorded for all briquettes in this study. The pattern of flue gas emissions of briquette of XA as a function of combustion
time was similar to those obtained for XB, YA, YB,
ZA, and ZB briquettes.
The maximum CO2, CO, and NOx emissions
obtained from this study were compared to Turkish
Regulation on Air Pollution Caused by Heating [12].
Furthermore, CO2, CO and NOx emission values,
has remained below the limit values described by the
Turkish regulations. Although the mixture of ZA briquettes having the maximum emission values, these
values are below the specified value in the regulations (Table 9). Additionally, results indicated that
hollow-core cylindrical briquettes released less CO2,
CO, and NOx emission than that of full cylindrical
briquettes regardless of briquettes compositions except for CO2 and NOx emission of XA and XB briquettes as the center hole in the briquette probably
lead to efficient combustion process. Therefore, sufficient circulation of air reduced the flue gas emission [20] (Table 9).
The maximum flue gas temperature recorded
during combustion process and average combustion
efficiencies of all briquettes tested are given in Table
10. Combustion efficiency for all briquettes, was determined to be about 61% during steady-state. The
obtained values were found below combustion efficiency values determined for burning various biomass materials in fluidized bed combustion systems
[21, 22]. The low combustion efficiency of briquettes tested may be due to uncontrolled air/fuel ratio in combustion chamber in stove [20].

the lesser increase in weight of briquette occurred
[10]. It can be concluded that more than 50 % increase in weight of each type of briquettes was calculated for the first minute measurement. However,
the second minute measurement yielded lesser increment in the weight of each briquette type (Table 6).
View of briquettes made of X, Y, and Z mixtures after water intake resistance test is given in Figure 10,
11, and 12.
The results on effects of types of briquette and
mixtures on air humidity resistance are given in Table 7 (P<0.05). Variance analysis showed that although the effects of type of briquette x mixture interaction on air humidity resistance are not significant, the effects of types of briquette on air humidity
resistance are significant. Since the effects of (types
of briquette x mixtures) interaction on air humidity
resistance are significant, the lowest air humidity resistance was calculated for the mixture of Z (98.80
%) for A type briquette and the lowest air humidity
resistance was calculated for the mixture of X
(97.38%) for B type briquette. It can be said that
there was no change in the weight of briquettes when
kept under environmental conditions (20°C) for 21
days. Therefore, it indicates that briquettes can be
stored for long time without structural changes occurred at the suitable environmental conditions. Furthermore, briquettes were stored at ambient conditions for 6 months and no changes in structure as
cracks or breaks was observed. However, swelling at
the tip of briquettes was observed due to exposure to
moisture at the floor.
Densities and moisture contents of the briquettes made of the mixture of ROPW with LCD are
given in Table 8. Densities of the briquettes ranged
from 1238.49 to 1273.88 kg/m3 with the moisture
content of between 57.82 and 64.27% (wb.). It can
be concluded that densities of the briquettes obtained
from this study is within the range of values (10001400 kg/m3) reported in the literature [6].
Even though the flue gas emissions of briquette
of XA as a function of combustion time are presented in Figure 13, those of XB, YA, YB, ZA, and
ZB are not given in here. Flue gases due to combustion of briquettes in bucket type stove were released
into the atmosphere. While concentration of O2 decreased, that of carbon monoxide (CO) and carbon
dioxide (CO2) increased with time at the beginning
of combustion process. CO and CO2 emissions
reached to 1500 ppm and 11.5% when O2 concentration was 9% at 45 second of combustion process. CO

( 
6653CB>6CH?5B>62A9@D5CC51=4<9GCDA5B9=C5A13C9>=>=19A8D<949CHA5B9BC1=35
Mixtures
X
Y
Z

Air humidity resistance ± standard error
Types of Briquettes
A
99.26 ± 0.20
99.17 ± 0.23
98.80 ± 0.49

B
97.38 ± 0.82
99.29 ± 0.06
98.16 ± 0.33
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5=B9C95B>6C852A9@D5CC5B<145>6<9GCDA5>6&#$+F9C8 
Types of
briquettes
A
B

Densities
(kg/m3)
849.25
849.25

Raw Materials
Moisture content
(% wb.)
83.34
83.34

Densities
(kg/m3)
1273.88
1241.95

Briquettes
Moisture content
(% wb.)
64.27
57.82

)& 
81=75>66;D571B5B5<9BB9>=6>A2A9@D5CC5>6,F9C83><2DBC9>=C9<5
( 
<9BB9>=;9<9CB4569=542H(DA:9B8&57D;1C9>=>=9A$>;;DC9>=1DB542H51C9=7/ 01=4C85<1G9<D<
# #1=4"#G5<9BB9>=B6>A1;;2A9@D5CC5BC5BC54
NOx
CO
CO2
(%)
(mg/Nm3)
(mg/Nm3)
Limits*
20.5
4000
400
Types of briquettes
XA
5.50
1834
197
XB
5.62
1197
210
YA
4.35
1715
185
YB
3.14
1440
108
ZA
6.02
2992
150
ZB
3.98
2301
129
(  
(85<1G9<D<6;D571BC5<?5A1CDA51=43><2DBC9>=5669395=3HE1;D5B>62A9@D5CC5B
Maximum flue gas temperature
Combustion efficiency
Types of briquettes
(°C)
(%)
XA
265
56.96-77.60
XB
345
60.74-73.70
YA
340
63.93-75.6
YB
290
60.81-72.9
ZA
365
66.22-71.5
ZB
365
56.54 76.6
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Briquetting of rose oil processing wastes obtained from during the production of rose oil in the
province of Isparta for utilization as solid fuel was
performed. Four mixtures of rose oil processing
wastes with lignite coal dust were prepared. Hydraulic briquetting press machine with a maximum compression pressure of 350 MPa was used. The results
showed that the density of briquettes tested ranged
from 1238.49 to 1273.88 kg/m3. The results of durability tester revealed that the increase in the amount
of lignite coal dust in the composition of briquettes
leads to decrease in abrasive resistance value. Additionally, abrasive resistance value of full cylindrical
briquettes was higher than that of hollow-core except
for 100 % rose oil processing briquette. Shattering
resistance value of all briquettes ranged from 95.46
to 98.72 %. Briquettes showed no structural changes
in terms of resistance to water intake resistance. Briquettes were determined to be pretty solid in terms
of humidity resistance test. Furthermore, briquettes
were stored at environmental conditions for 6
months yielding no changes in structure as cracks or
breaks. It can be concluded that the briquettes can be
stored for a long time in appropriate environmental
conditions. Flue gas emissions values measured after
combustion was found to be below the limit values
specified in Turkish Regulation on Air Pollution
Caused by Heating. Combustion efficiency of all briquettes in bucket-type stove was found to be lower
than that of fluidized combustion bed. In conclusion,
this study showed that briquettes made of rose oil
processing waste with lignite coal dust can be commercialized and be burned in a traditional stove and
advanced combustion system for greenhouse heating
and residential heating. Further research should focus on improvement of briquette quality such as water intake resistance.
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and brackish water in the water treatment process,
which is seen as one of the solutions for both the
shortage of fresh water and wastewater pollution
problems worldwide [3]. Traditional deionization
techniques for the removal of inorganic ions from
water include thermal distillation, ion exchange,
electrodialysis, and reverse osmosis methods [4, 5].
However, each of these methods has major shortcomings such as higher energy consumption, low
water output, and secondary pollution [6, 7]. Electrosorption desalination technique has been developed as a new water treatment technology in recent
years because of its competence in meeting several
issues such as low power requirement, nonsecondary pollution, inexpensive maintenance and
operation, eco-friendliness, and appropriateness for
small-scale portable operation [8-10].
Electrode material is the core component of
the electrosorption deionization technology, which
should involve high surface area, high conductivity,
robust chemical inertia, high capacitance and good
mechanical strength. Porous carbon materials are
easy to form an illegal double layer capacitor because of their rich pore structure and large surface
area, which not only have the characteristics of the
ideal electrode materials, but are environmentally
friendly adsorbents [11]. Carbonaceous materials
with high specific surface area such as graphene
[12, 13], carbon nanofibers [14-16], carbon aerogels [17], carbon nanotubes [18], ordered mesoporous carbon (OMC) [19, 20], and activated carbon
(AC) [21-23] have been utilized to improve the
desalination efficiency, as well as modify the operational conditions. However, activated carbon is
considered as one of the best electrode materials
because of its greatly high surface area, superior
electrical conductivity and low cost among these
various carbon materials utilized [24]. Additionally,
the required pore size distribution can be easily
achieved by controlling the preparation conditions.
In spite of many significant advantages of AC,
some shortcomings such as limited surface wettability and low specific capacitance would limit the
capability of AC [25]. Therefore, activated carbon
produced in industry can not be used as electrode
material directly for wastewater desalting presently.
However, activated carbon adsorption is related to

Modified activated carbon is often used as
electrode material for electro-adsorption technology
of saline wastewater. In the present paper, on the
basis of the orthogonal experiment to determine the
optimum technological conditions for modification,
activated carbon (AC) supported titanium dioxide
(TiO2-AC) particles were prepared by sol-gel process, which was pretreated with hydrochloric acid.
The properties of activated carbon materials before
and after modification were characterized by SEM,
EDS, BET, FTIR, XRD, TEM and electrochemical
workstation. The results showed that the optimum
parameters of the AC modified by titanium were 30
mL for C2H5OH, 4.5 mL for deionized water, 2 mL
for CH3COOH, 0.25 mL for HCl, and 2.5 g for AC.
Under this condition, the specific surface area of
AC was reduced by 38.4%, while the specific capacitance was increased by 55.2%. And the surface
of the electrode material became rough and formed
a large number of TiO2 solid particles. The hydrophilic groups such as Ti-O bond, C-Ti bond and CTi-O bond were found on the surface. Titanium
elements in the case of square anatase crystal
(TiO2) existence. There are a large number of TiO2
nanocrystals on the surface of TiO2-AC and the
particle size distribution is about 5-10nm. The Ti
element was mainly present in the form of titanium
oxide, Ti-C and titanium. The electrochemical
properties of AC electrode materials is improved by
this modification methods, and could be used as
electrode materials for electrosorption desalination.


+)!$%
Metal oxide, modification, activated carbon, specific
capacitance

 &$!'&! 
The limited availability of fresh water is one
of the prime challenges in the current era, although
water is the greatest widespread substance could be
found in the environment [1, 2]. Removal of inorganic ions is a key for the desalination of seawater
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Reagent Factory. Conductive graphite powder was
from Chengdu ackda chemical reagents Co. Ltd.
Polyvinylidene fluoride (PVDF) was from Taiyuan
Yingze force original battery sales department.
Chloride (A.R) was from Chengdu Cologne chemical reagent factory.

A:1;5718=-6 71=490  ";1=;1-=718= 92
=41-/=5?-=10/-;.98Appropriate amount of activated carbon powder was soaked in 5% HCl for
24h, then rinsed repeatedly to neutral with deionized water until the supernatant was less than 10
μs/cm. Pour out the supernatant and dry it in a constant temperature electrothermal drying oven of
80°C for 24h. Then take it out and place in the
desiccator for spare.

its extended surface area, microporous structure,
and special surface reactivity. Accordingly, modification of AC can change the structure and surface
functional groups of AC, and improve the conductivity and adsorption capacity of AC.
Commonly utilized methods of modification
of AC include surface oxidation, reduction, supported metal ions, etc [26]. In order to improve the
adsorption properties of AC electrode materials or
to have specific electrochemical properties, the AC
materials can be impregnated in the metal-salt solution by the method of loaded metal [27,28]. The
adsorbent is added to the AC after mixed fully, and
the metal is loaded on the AC at high temperature
to enhance the adsorption capacity of the salt ions.
The study shows that loading metal ions in AC can
increase the specific capacitance of AC electrode
by using the principle of electric double layer of
activated carbon or the pseudo-capacitance effect of
metal to increase the adsorption properties of AC
electrode materials [29]. Specifically, TiO2 has
revealed promise as high efficient electrodes for
electrosorption deionization technology, due to its
large electrical conductivity, superior hydrophilic
properties, and cheapness [30, 31]. In this regard,
the combination of TiO2 and AC is expected to be
an efficient electrode of electrosorption deionization technology [32]. Zheng et al. [33] researched
the adsorption properties of granular activated carbon-supported titanium dioxide particles for dyes
and copper ions. Ruliza et al. [34] modified AC
with TiO2 and studied its application in photodegradation of procion red synthetic dye in aqueous
medium. When the activated carbon electrodes
were pre-treated with alkali solutions and then
loaded with titanium oxides, the removal efficiency
of metal ions in water for the electrodes were significantly improved [35].
This study was to synthesize a composite of
AC and TiO2 through sol-gel method and optimize
the preparation parameters of TiO2-AC by orthogonal experiment. The microstructure, specific surface
area and pore structure, surface chemical properties
and specific capacitance of AC modified before and
after were studied .The objective of this research is
to prepare electrode materials with excellent properties, which will promote the research and application of electrosorption deionization technology.

 ";1:-;-=598 92 &5!  161/=;901 7-=1
;5-6< The TiO2-AC electrode materials were prepared by the sol-gel method, and the five factors of
activated carbon, absolute ethyl alcohol, hydrochloric acid, deionized water and glacial acetic acid
were optimized by orthogonal test. The specific
preparation process is as follows:
(1) Add 6mL tetrabutyl titanate (Ti(C4H9O)4)
drop wisely to the anhydrous ethanol(C2H5OH) in
the agitation state at 30°C until the solution to be
light yellow and transparent. And then the activated
carbon after pretreatment was added to stir 30min
again, and the solution A was obtained.
(2) A certain amount of glacial acetic acid
(CH3COOH) and hydrochloric acid (HCl) were
added into the solution of deionized water (H2O)
and C2H5OH, then stirred 10min at 30°C, and the
solution B was obtained.
(3) Solution B was slowly added to solution A
under vigorous stirring at 30 °C until the mixture
becomes gelatinous.
(4) The gel block was dried in the constant
temperature electric furnace for about 7h at 80 °C
and then grinded into powder and then placed in a
tube type resistance furnace. And the TiO2-AC
power was obtained when the temperature was
raised to 450°C at the rate of 5°C/min under the
protection of nitrogen gas for 2h.
Using specific surface area of activated carbon
as evaluation index, the addition of Ti (C4H9O)4 in
this experiment was 6mL, and the optimum dosage
of anhydrous ethanol, deionized water, acetic acid,
hydrochloric acid and activated carbon were determined by the orthogonal experiment of 5 factors
and 4 levels (L16 (45)). The specific orthogonal
experiment is shown in Table 1.

&$% &!%

A:1;5718=-6 7-=1;5-6< -80 /4175/-6<
Wooden active carbon powders were supplied by
Tianjin Krem chemical reagents Co., Ltd. Hydrochloric acid (A.R),glacial acetic acid(A.R) ang
anhydrous ethanol (A.R) were purchased from
Xi'an three Pu chemical reagents Co. Ltd. Butyl
titanate (C.P) and N-N dimethyl acetamide (A.R)
were obtained from Tianjin City Fuchen Chemical

4-;-/=1;5C-=598 92 :4B<5/9/4175/-6 :;9:
1;=51<92161/=;9017-=1;5-6<The micromorphology of the activated carbon samples was observed by
using the Quanta-450-FEG scanning electron microscope produced by the FEI company of the
United States. The specific surface area and pore
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!;=4989;7-61A:1;5718=92=5=-85>7790525/-=598
Factors
Levels
1
2
3
4

a
C2H5OH/mL
20
25
30
35

b
H2O/mL
3.5
4
4.5
5

c
CH3COOH/mL
1.5
2
2.5
3



size of activated carbon was analysed by using the
V-Sorb 2800P specific surface area and aperture
analyzer of Beijing golden Spectrum Technology
Co., Ltd. And the 5700 Fourier Transform Infrared
Spectroscopy by Nicolet company was used to
study the changes of functional groups on the surface of materials. Then the morphology, geometry
and particle size distribution of the samples were
observed by JEM-3010 transmission electron microscope of Japan Electronics Co., Ltd. The change
of crystallinephase of activated carbon was analyzed by the XRD-7000s diffractometer of SHIMADZU, Japan.

spectively (V); the value of

1
 ( −  )



∫



e
AC/g
1.5
2
2.5
3



∫



 ( ) was

calculated through the integration of the area surrounded by CV curves with Origin software.
$%'&% %'%%! 

8-6B<5< 92 9;=49398-6 1A:1;5718=-6 ;1
<>6=<The results of orthogonal experiment of titanium modified activated carbon are shown in
Table 2.
It can be seen from table 2 that the specific
surface area of TiO2-AC samples all are lower than
the original sample(1052.709m2·g-1) and basically
in proportion to the quality of AC. The gel time can
affect the particle size of TiO2, which will affect the
specific surface area and pore size distribution of
AC, and further affect the thickness of TiO2-AC
electric double layer. As a solvent, ethanol mainly
disperses Ti(C4H9O)4 and increases the gel time.
The deionized water is mainly hydrolyzed with
Ti(C4H9O)4, which makes the condensation reaction
aggravated and is inversely proportional to the gel
time. Glacial acetic acid and hydrochloric acid are
used as inhibitors to slow down the reaction of the
whole solution by inhibiting the hydrolysis reaction, which can form a stable system [36].
From the value of R in the table, it is known
that the influence of the 5 factors on the electrochemical performance of the electrodes is in turn:
AC > HCl> CH3COOH > C2H5OH > H2O. The
effect curve of each factor is shown in Fig. 1.
As shown in Fig. 1, according to the optimal
combination, the optimum preparation conditions
for the TiO2-AC complex are: a3b3c2d2e3.That is,
when the amount of Ti(C4H9O)4 is 6 mL, the dosage of C2H5OH is 30 mL, the amount of deionized
water is 4.5 mL, the dosage of CH3COOH is 2 mL
and the HCl dosage is 0.25 mL. The specific capacitance of the TiO2-AC is the most (115.28F/g) under
these conditions.

61/=;9/4175/-6 :1;29;7-8/1 =1<= 92 161/
=;901< In this experiment, the activated carbon
electrode was prepared by layered steaming method. First, the binder was dissolved in a proper
amount of N-N dimethyl acetamide. After the mixture was completely dissolved under in ultrasound,
the activated carbon powder and graphene nanoplatelets were added. Then the magnetic mixer was
stirred for about 2h after ultrasound 60min, and the
mixed slurry was evenly coated on the conductive
graphite sheet by layer. The water bath was heated
at 70°C until the solvent evaporated and then dried
in vacuum drying chamber (60 °C) for 10h. Finally,
the activated carbon electrode was obtained.
The electrochemical properties of electrodes
were determined by the electrochemical workstation CHI610D.The cyclic voltammetry (CV)
properties of the electrodes were obtained in the
three electrodes measuring system of the electrochemical workstation. And NaCl of 0.5 mol/L was
used as the electrolyte solution. The CV properties
were measured at the scan rate of 5 mV/s. The
specific capacitance (Cs) of the activated carbon
was calculated based on the CV curves by formula
(1) below.

 =

d
HCl/mL
0.2
0.25
0.3
0.35

 ( ) 
(1)

Where,  is the mass specific capacitance of
the electrode(F·g -1 );  is mass of the active components (g); is the scanning rate (mV·s -1 ); I is the
current strength (A);  and  are the starting and
termination voltages of the scanning process re-
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$1<>6=<929;=49398-61A:1;5718=-6
Factors
BET
Gel
Cs/F·g1

C2H5OH/
CH3COOH/m
time/min
/m2·g 1
H2O/mL
HCl/mL
AC/g
mL
L
1
20
3.5
1.5
0.2
1.5
418.547
20
75.588
2
20
4
2
0.25
2
503.076
25
99.791
3
20
4.5
2.5
0.3
2.5
550.247
35
104.824
4
20
5
3
0.35
3
510.864
22
99.227
5
25
3.5
2
0.3
3
550.962
120
102.333
6
25
4
1.5
0.35
2.5
530.488
126
103.672
7
25
4.5
3
0.2
2
463.288
106
99.19
8
25
5
2.5
0.25
1.5
481.017
110
100.129
9
30
3.5
2.5
0.35
2
464.194
460
85.757
10
30
4
3
0.3
1.5
428.622
637
81.053
11
30
4.5
1.5
0.25
3
601.815
570
103.663
12
30
5
2
0.2
2.5
589.982
225
101.57
13
35
3.5
3
0.25
2.5
573.58
716
105.389
14
35
4
2.5
0.2
3
577.889
465
103.37
15
35
4.5
2
0.35
1.5
453.697
537
93.367
16
35
5
1.5
0.3
2
467.403
792
84.411
K1
495.683
501.821
504.563
512.427
445.471
K2
506.439
510.019
524.429
539.872
474.490
K3
521.153
517.262
518.337
499.308
561.074
K4
518.142
512.316
494.089
489.811
560.383
R
25.470
15.441
30.340
50.061
115.603
Note: K represents the average value of the 4 experimental results at each level; R indicates range, the larger the R, the greater the influence.
Levels



K









                       

Influence Factors
'$ 
&411221/=/>;?1<921-/45826>18/12-/=9;<92=5=-85>769-010


8-6B<5< 92 <>;2-/1 79;:49693B -80 <:1/
=;>7 92 -/=5?-=10 /-;.98 161/=;901 7-=1;5-6<
The surface morphology of activated carbon electrode materials are shown in Fig.2. Fig.2(a)is the
SEM images (20000×) of AC particles pretreatment

with HCl. Fig.2(b), (c), (d) are the SEM images
(10000×), (20000×), (50000×) of TiO2-AC particles. And the spectrum analysis of TiO2-AC is
shown in Fig.3.
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of TiO2-AC materials decreased, but it provided a
lot of new adsorption sites, and the electrical adsorption performance of the activated carbon electrode was improved.
Fig.3 shows that there are three kinds of elements C, O and Ti on the surface of activated carbon after titanium modification. It illustrates that
many substances have been volatilized when calcined at high temperature, but the TiO2 prepared by
the sol-gel method can be well combined with AC.
The above indicates that activated carbon is successfully loaded with TiO2.

It can be seen from Fig.2, the surface of TiO2AC becomes rough compared with AC, and there
are a large number of white solids in the pores and
cracks, so the specific surface area and pore volume
of TiO2-AC electrode materials drop down, and
table 3 illustrates this point. It is generally believed
that the greater the surface area of AC electrode
materials, the better the physical adsorption performance, the greater the specific capacitance of the
electrode, the thicker the double layer, and the
better the deionized performance of the capacitance. Therefore, the physical adsorption properties
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8-6B<5< 92 <:1/525/ <>;2-/1 -;1- -80 :9;1
<=;>/=>;1 92 -/=5?-=10 /-;.98 161/=;901 7-=1;5
-6<The N2 absorption-desorption curve of AC and
TiO2-AC powders are shown in Fig.4. The specific
surface area, pore size and pore volume are shown
in Table3.

face of the TiO2-AC electrode is covered or blocked
by titanium dioxide, which results in the decrease
of the specific surface area, the total pore volume
and pore volume. As shown in Table 3, the specific
surface area, micropore volume and total pore volume of TiO2-AC decreased, and the average pore
size increased. This is because the particle size of
titanium dioxide is small and it will occupy part of
the pores of AC and even clog holes after loading.
And finally, the physical adsorption properties of
the activated carbon electrode materials are reduced. Fig.3 and Table3 also show that the pore
structure of activated carbon electrode materials is
mainly concentrated in micropores and mesopores,
and a small number of macropores.
&$ -8-6B<5< 92 -/=5?-=10 /-;.98 161/
=;901 7-=1;5-6< The surface oxygen functional
groups have great influence on the polarity, wettability and stability of activated carbon electrode
materials. Increasing the content of the surface
oxygen functional group can increase the infiltration and adsorption properties of the electrode to
the electrolyte, thus increase the formation rate and
thickness of the double layer, and then improve the
capacitance of the electrode and the capacity of the
deionization of the capacitor. The FT-IR spectrum
of AC and TiO2-AC are shown in Fig.5.

'$ 
-.<9;:=59801<9;:=598/>;?192-80
&5! :9@01;<

Fig.4 shows that after the AC electrode material loaded with TiO2, the N2 absorption-desorption
curve was decreased. It is mainly because the sur&41
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&41<:1/525/<>;2-/1-;1--80:9;1<5C1:-;-71=1;<92-80&5! :9@01;<
Micropore volTotal pore volAverage pore
Specific surface
Samples
ume/(cm3·g-1)
ume/(cm3·g-1)
size/(nm)
area/(m2·g-1)
AC
1052.709
0.205
0.820
2.48
TiO2-AC
621.815
0.179
0.471
3.02
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*$-8-6B<5<92&5! 161/=;9017-=1;5
-6<The XRD graph of the TiO2-AC electrode materials is shown in Fig.6.
As shown in Fig. 3, in the 2θ range of 20° to
60°, there are five characteristic peaks of TiO2,
which are 25.3°, 37.8°, 48°, 54° and55.1°, respectively. They are the characteristic diffraction peaks
of (101), (004), (200), (105) and (211) planes of
anatase TiO2, respectively [37]. The Ti element also
combines with the C element to form a cubic crystal TiC structure (2θ angle of 35.91°, 41.71° and
60.45°), and combines with the O element to form a
cubic crystal TiO structure (2θ angle of 37.23°,
43.25° and 62.83°). In addition, a part of Ti (2θ
angle of 38.49°, 55.54° and 69.61°) is not combined
with other elements. The composite state is formed
only by Van Edward force and activated carbon
matrix, which is very easy to fall off during the
subsequent application. However, the above analysis already shows that TiO2 has been loaded onto
AC.

From Fig.5, the absorption peaks of activated
carbon are mainly located near 700cm-1, 1100cm-1,
1500cm-1, 3400cm-1 and 3700cm-1. The peak at
700cm-1 is corresponding to the O-H out of plane
bending vibration of the phenols; 1100cm-1 may be
C-O stretching vibration in ethers and alcohols; and
the absorption peak near at 1500cm-1 is C=O of the
aromatic ring. The maximum absorption peak between 3000cm-1 ~ 3600cm-1 is 3430cm-1, which is
probably due to the O-H stretching vibration of
carboxyl group and hydroxyl group. And O-H telescopic vibration of alcohol and phenol in the vicinity of 3700cm-1.
The absorption peak at 3400 cm-1 is due to the
C-H bond, the intermolecular O-H bond, the ketone
C=O bond, the ester C=O bond and the amines N-H
bond stretching vibration, and the curve of TiO2AC is stronger than AC. Which indicates that the
content of oxygen functional groups on the surface
of the TiO2-AC electrode material is increased.
Peak appeared in the vicinity of 1600 cm-1 corresponding to C=C telescopic vibration and internal
bending vibration of amines N-H; peak appeared at
1400 cm-1 corresponding to internal bending vibration of alkane C-H, saturated alcohols O-H and
carboxylic O-H, along with stretching vibration of
amide C-N; and the absorption peak at about 1100
cm-1 is due to alcohol C-O and ether C-O-C stretching vibration. All of above peaks do not change
after modified, which shows that TiO2 modification
did not change the basic carbon skeleton structure
of AC materials. The larger absorption peaks at 500
cm-1 are Ti-O bond, C-Ti bond and C-Ti-O bond
expansion vibration. It shows that the activated
carbon electrode material has been loaded on TiO2.

&-8-6B<5<92&5! 161/=;9017-=1;5
-6< The TEM graphs of the TiO2-AC electrode
materials are shown in Fig.7.
Fig.7 (a) (b) show a large number of spherical
TiO2 nanocrystals with a particle size of about 510nm, and have good morphology and dispersibility. It can be seen from the Fig.7(c) that nano TiO2
has good single crystal structure, and the spacing
between the adjacent planes is about 0.346nm, with
a nearly compact structure. Fig.7 (d) is the selective
diffraction pattern of the TiO2-AC complex. It is
found that the diffraction ring corresponds to the
anatase (101), (004), (200), (105) and (211) diffraction crystal from the inner to the outside, which is
in accordance with the results of XRD analysis.
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61/=;9/4175/-6 :1;29;7-8/1 -8-6B<5< 92
-/=5?-=10 /-;.98 161/=;901 The voltammetric
cycling curves of activated carbon electrode before
and after modification is shown in Fig.8.
As shown in Fig.8, both the curves of AC and
TiO2-AC electrode are symmetric within the range
of the applied voltage, and there is no redox peak
found in the two curves. Which indicates that the
electrode capacity is determined by the electric

double layer. And the area of CV curve of TiO2-AC
electrode is much larger than AC. Based on Eq. 1
and Fig. 8, the specific capacitance of the TiO2-AC
electrode (115.28 F·g-1) is about 55.2 % greater
than that of the activated carbon(51.66 F·g-1).It
illustrates that TiO2 improves the electrochemical
performance of AC electrode and enhances the
specific capacitance of electrode.
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and a theoretical basis for the formulation of a hydraulic habitat restoration scheme, the implementation of a restoration project and the protection of the
downstream ecological environment.



While hydropower exploitation provides great
benefits in terms of flood control, power generation,
irrigation and water supply, it has a continuous and
far-reaching impacts on the ecosystem. The improvement to traditional reservoir dispatching can
not only meet the requirements of flood control and
impounding but also consider the basic demands of
river ecosystems for various hydrological situations.
Benthic algae are a food source for fish in the Yangtze River, and these algae have a very important
function in river ecosystems. At present, most scholars have paid attention to the protection and restoration of fish spawning grounds and habitats via ecological regulation; however, few studies on the protection of bait in fish bait farms have been conducted. The determination of the hydrodynamic conditions suitable for the growth of benthic diatoms is
important for studying the protection of benthic diatoms via ecological regulation. Therefore, this study
obtained a habitat suitability curve for benthic diatoms in rivers through field and laboratory experiments and numerical simulations using MIKE 21
software. The weighted usable area (WUA) of benthic diatoms was calculated using instream flow incremental methodology (IFIM) and River2D software under different flows in the Jinsha River. The
flow restriction suitable for the growth of benthic diatoms downstream of the Changbo dam was proposed. The results show that the biomass of benthic
diatoms is high when the flow rate is within and near
the range of 0.86 to 1.2 m/s and the water depth is
within and near the range of 0.3 to 0.56 m. In the
Jinsha River, when the discharge from the Changbo
dam is 8% of the natural average annual flow (77
m3/s), the WUA for benthic diatoms in the river is
the largest (38693 m2). Based on research results and
theory, a set of complete hydraulic habitat restoration measures for river benthic diatoms was established to guarantee the feeding requirements of
higher organisms after the completion of power stations, such as maintaining the biodiversity of downstream rivers. The system can provide a reference index for the planning scheme for the Changbo dam

*)"$%
Hydropower, Changbo dam, habitat, benthic diatoms, ecological operation, protection, instream flow incremental
methodology (IFIM), weighted usable area (WUA).
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River ecosystems refer to the continuum that is
formed by interactions between the biological community and the environment within a river, which
provides habitat for fish, amphibians, aquatic organisms, invertebrates, and microorganisms. These ecosystems have a hierarchy, and Frissell et al. [2] divided the different parts of a river system from large
to small into river networks, river districts, banks,
deep pools and microhabitats.
Vannote et al. [3] proposed the concept of a
river continuum to reflect the activities of primary
producers and heterotrophic organisms throughout
the river. Benthic algae play an important role in the
river ecosystem. These organisms are the most important primary producer in most terrestrial river
ecosystems [4, 5] and one of the energy sources with
high nutritional status [6, 7]. Benthic diatoms can absorb heavy metals and other chemical elements in
water and act as a stable substrate in rivers with high
velocity [8]. Benthic diatoms are a food source for
Schizothorax dolichonema Herzenstein (SdH) and
provide rich living environments and important habitats for aquatic organisms. Diatoms are one of the
largest types of freshwater microalgae [9] and are
abundant in surface water. By studying diatoms, Heroy et al. [10] analysed the environment of a basin in
Antarctica and climate change on the Antarctic Peninsula. As an important primary producer in river
ecosystems, diatoms have been used as indicators of
river ecosystems for a long time [9, 11]. Due to the
special shapes and locations of drainage outlets in

5900

"!

 #    





    


some reservoirs (such as the Liuxihe Reservoir in
Guangzhou, China), the sedimentation of suspended
solids has little impact in diatoms, so the diatoms in
the sediment can adequately reflect the historical situation [12]. Sabater et al. [13] used diatom communities as biomarkers for water quality monitoring and
river pollution. Ndiritu et al. [14] found that certain
diatom species or diatom combinations provide a
good indication of the water environment when studying diatoms in the rivers of Kenya. Prygiel et al.
[15] conducted a health assessment of water quality
in the Artois-Picardie water basin using a diatom index and found that the diatom index could effectively evaluate the degree of organic pollution in the
water areas. Ling et al. [16] showed that diatom density could indicate the water quality of rivers. These
results indicate that benthic diatoms play an important role in river ecosystems.
The development of hydropower plays important roles in promoting the progress of human society, flood control, power generation, irrigation,
water supply and shipping; however, it also changes
the hydraulic conditions of rivers, destroys the natural bait delivery process and the food chain, affects
the habitats, and even results in the disappearance of
some iconic creatures. While dam projects often result in substantial economic and social benefits, they
also have a lasting and far-reaching impact on the
ecosystem [17, 18, 19, 20, 21], and these impacts are
mainly manifested as shrinking river channels and
decreasing flood areas. The quality of the ecological
environment has decreased in many nursery habitats,
and spawning grounds and bait farms have been
damaged, resulting in the death of bait, thus affecting
the survival of fish and benthos. Total dissolved gas
supersaturation (TDGS) results in fish mortality. The
number of migratory fish stocks has decreased or has
even disappeared. The death of diatoms has occurred
due to the long exposure of river sections with reduced water caused by dams. The river sections with
reduced water change the hydrodynamic conditions
of the river, decrease the biodiversity and result in
other ecological problems.
Jose et al. [22] proved that ecological restoration activities could restore degraded ecosystems.
Non-engineering measures of river ecological restoration are mainly implemented to protect ecological
reservoir scheduling [23, 24] to improve the traditional method of reservoir scheduling. These
measures can meet the requirements of flood control
and irrigation and can take care of the basic hydrological needs of a river system. Many scholars have
paid increased attention to the ecological operation
of spawning grounds, hydraulic habitat protection
and habitat restoration. Brown et al. [25] studied the
ecological scheduling scheme required for fish
breeding habitat and found that it has an important
effect on the repair and protection of the ecological
environment. Wang et al. [26] studied the ecological
operation of reservoirs in Chinese sturgeon

spawning habitats. Zhao et al. [27] studied the ecological operation regulation of the spawning of four
fish species in the Three Gorges Reservoir; however,
ecological operations for the restoration of bait are
rarely studied.
In this paper, on the basis of field experiments
and indoor experiments, a habitat suitability curve
for river benthic diatoms is established using numerical simulations in MIKE 21 software. Both the
Jinsha River and Baitiao River are located in southwest China, and the environments in the Changbo
segment of the Jinsha River and outside of the experiment section are the same. Therefore, the results of
this study are applied to the bait restoration downstream of the Changbo dam in the Jinsha River. Instream flow incremental methodology (IFIM) is
combined with River2D software to calculate the
weighted usable area (WUA) for river benthic diatoms in different flows, thus determining the corresponding maximum ecological flow under the
WUA. Furthermore, the results of this study provide
theoretical constraints for the formulation of the dispatching plan for the Changbo dam.


&$%! &"%

%=>.B<3=/This research was conducted in a 1
km section of the Baitiao River (Chengdu, Sichuan),
which is one of six rivers below the Dujiangyan Irrigation Project and Zipingpu Hydropower Station
and is a water source for the downstream area of
Chengdu (Fig. 1).
The section of the river that was studied is a
compound channel, and the bed is composed of pebbles ranging from a few centimeters to several tens
of centimeters, providing suitable natural substrate
for the growth and propagation of algae. The slope
of the river is approximately 4.5‰. The stream was
completely unshaded at the study site, which excludes the interference from external environmental
factors.
+-41;8>7.802+71,8.+6The Changbo
dam is located in the Jinsha River Gorge section,
which is 2 km upstream of Wang Dalong village, Suvalong township, Batang county, Sichuan Province.
This dam is the 11th level of 13 cascade power stations in the upper reaches of the Jinsha River; the
Suvalong dam is upstream of the Changbo dam, and
the downstream section is connected to the Xulong
dam. The Changbo dam adopts mixed development,
and its normal storage level is 2385 m, the dead water level is 2358 m, the height of the dam is 43 m, the
installed capacity is 826 MW (among them, the installed capacity of the water diversion power station
is 740 MW, while that of the riverbed type power
station is 740 MW), and the power station utilization
drop is 83 m. The project aims to generate electricity
and meet the water demands of the ecological
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environments in the lower reaches of the dam site. In
the Changbo segment of the Jinsha River, the average annual flow is 952 m3/s. After the completion of
the power station, a water-reducing section of approximately 12.5 km will be formed between the
dam site and the power station, which will greatly
reduce the flow rate between the river and the power
station. As a section of the river with protected fish
habitat, this river section with reduced water contains SdH, which lives in the lower strata of the water
column and scrapes algae from the gravel substratum. The habitat for this species extends to the middle and upper reaches of the Yangtze River. Based
on research results and theory, a set of measures for
the complete restoration of the hydraulic habitats for

river benthic diatom was established to guarantee the
feeding requirements of higher organisms after the
completion of the power stations. These measures
included maintaining the biodiversity of downstream
rivers.

%=>.B 6/=28. 3/5. /A9/;36/7= +;;+71/
6/7=Two experimental sections (T1 and T2) were
chosen in the Baitiao River. Three pebbles (#1, #2,
#3) were placed in each section. The pebbles were
fixed in series with wire rope from the bank to the
center of the river, and it was ensured that the three
pebbles were placed near the shore, in the transition
zone in the river channel, and within the channel
(Fig. 3).

'$ 
8-+=38780=2/+3=3+8$3?/;+7.=2/<=>.3/.;/+-2

T2
T1

Flow Direction

'$ 
+980=2/<=>.3/.;3?/;</-=387

'$ 
&2/.3<=;3,>=38780=2//A9/;36/7=+59/,,5/<>,<=;+=/8?/;=2/-;8<<</-=38780=2/;3?/;
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Parameters
Mesh
Time Step Interval
Eddy Viscosity
Resistance
Inlet Boundary
Outlet Boundary

Value
Nodes: 24384, elements: 47052
10s
Smagorinsky formulation, constant, 0.28
Constant value, 28 m1/3/s
Specified discharge, 20 m3/s
Specified level, 693.47 m




+,8;+=8;B/A9/;36/7=6/=28.The pebbles
were removed after they had remained in the river
for a period of time; then, the algal density and chlorophyll a (chl a) content were measured.
According to the sampling method by the Environmental Protection Agency [28], 3 pebbles that
were approximately 20 cm in diameter were randomly selected, and the algae was removed from a
specific surface area on each pebble (part of the algae on the pebble was covered with a lid with a radius of 2.7 cm, the algae around the lid was removed,
and then, the remaining algae was removed and
placed into 200 ml of pure water). When the algal
solution was fully mixed, it was separated into two
100 mL sample bottles and brought back to the laboratory, and one sample was fixed with 1% Lugol's
iodine solution. The samples were used for the qualitative and quantitative analysis of benthic diatoms,
where the fixed liquid samples were used for species
identification and statistical analysis of the density
of diatoms, and the other sample was used for the
measurement of chl a.
To identify the diatoms in the base, the sample
that was fixed with Lugol's iodine solution was
placed in the dark for 24 hours, and 50 mL was extracted with a siphon and fixed. After the remaining
50 mL of the sample was fully shaken, according to
the algal identification method in "The standard
methods in lake eutrophication investigation", 0.1 ml
samples were placed in a counting box, covered with
a glass cover, and identified under a microscope. The
main references for the classification and identification of benthic diatoms are "" "! #!
!!)&$%"!", "     
   +%& &%*"!" +! "
"+" and """$&%"&" %".
For the statistical analysis of diatom density, 3
to 5 lines were selected to count row by row. When
few diatoms were present, all individuals were
counted. Each sample should be observed in at least
2 tablets. If the difference between the two tablets
and the mean value is beyond ± 15%, a third tablet
count should be performed. In the end, the number
of individual diatoms at each sampling point was calculated, and the density of diatoms on the pebble per
unit area was calculated according to the formula
(unit: cell/cm2).

where

i

is the number of individuals per unit

area of algae species i (cell/cm2);
ity (mL);

1

is sample capac-

is the actual amount of sample water

2

(mL);  is the length of the algal counting frame
(µm);  is the number of rows counted;  is the distance between parallel lines in the field of vision (m);
 is the number of algae species i obtained by actual
counting;  is the total area of substrate that was
scraped (cm2).
When measuring chl a, 90% acetone was used
to extract chlorophyll to measure the absorbency at
750 nm, 665 nm, 645 nm, and 630 nm. The content
of chl a was calculated using the following formula.
⎡11.64 × ( 
⎤
663 − 750 ) − 2.16 × ( 645 − 750 ) + 0.10 × ( 630 − 750 )⎦ ⋅ 1
Chl a = ⎣
 ⋅δ

where  is the water sample volume (L);  is
the absorbance;  is the volume (mL) of the ex1

tracted solution after reaching a constant volume;
δ is the optical range of colorimetric ware (cm).

+=2/6+=3-+568./5+7.9+;+6/=/;3C+=387
 68./5+7.-+5->5+=3879+;+6/=/;<The
MIKE 21 two-dimensional model was used to simulate the hydraulic conditions, and the continuity and
momentum equations for the reach were as follows:
∂ ∂ ∂
+
+
=0
∂
∂
∂
2

∂ ∂
∂
∂
∂
∂
∂ ∂
∂ξ  ∂ τ 
+
+
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) + (υ ( + )) +   − 
∂
∂
∂
∂
∂
∂
∂
∂
∂
ρ ∂
ρ
∂
∂
∂
+
+
∂
∂
∂

2

where

 =ζ +

=



∂
∂ ∂
∂
∂
∂ξ  ∂ τ 
−
−
(υ ( + )) + (2υ ) −   − 
∂
∂
∂
∂
∂
∂
ρ ∂
ρ

is time;  is the total water depth (
ζ is water surface elevation

, where

and  is the still water depth);  is the acceleration of gravity; ρ is the water density; υ is the
eddy viscosity coefficient;

 is a Coriolis force pa-

τ  and τ  are the bottom friction resistance in the  and  directions, respectively;
and μ and ν are the depth-averaged velocities in
the  and  directions, respectively.
rameter;

The input parameters for MIKE 21 are shown
in Table 1.

 ⋅  ⋅ 
i = 1
2 ⋅  ⋅  ⋅ 



5903

"!

 #    





    


& 
79>=9+;+6/=/;<08;=2/$3?/; 68./5
stream flow
(m3/s)
30.8
46.2
61.6
77
92.4

percentage of
average flow rate
in March and
April (%)
10
15
20
25
30

downstream
water level (m)

river flow
(m3/s)

2299.85
2300.12
2300.33
2300.52
2300.69

123.2
154
184.8
215.6
246.4

percentage of
average flow rate
in March and
April (%)
40
50
60
70
80

downstream
water level (m)
2300.98
2301.22
2301.44
2301.64
2301.81


1.4
  

1.2
1
0.8
0.6

0.4

Calculated Velocity

0.2

Measured Velocity

0
0

0

2

4

2

4

6
8
10
    

    
6
8
10

12

12

14

14

16

16

0

 

Calculated Depth
0.2

Measured Depth

0.4
0.6
0.8



'$ 
869+;3<8780./9=2+7.?/58-3=B,/=@//7-+5->5+=/.+7.6/+<>;/.?+5>/<+=+058@;+=/806 <+<
<36>5+=/.,B  

$3?/; 68./5+7.-+5->5+=3879+;+6/=/;<
The River2D model was used to calculate the
weighted surface area of the diatoms at different discharge levels. The River2D hydrodynamic model is
based on the two-dimensional average depth of the
Saint-Venant system of equations. These three equations represent the mass conservation equation for
the water body and the momentum conservation
equation in the X and Y directions. The equations are
as follows:

the corresponding friction slopes; τxx, τxy, τyx and τyy
are the shear stress values in the horizontal direction.
The average flow in the lower reaches of the
Changbo dam in March and April was 308 m3/s. The
water level of the outlet section under different flow
percentages was calculated by a one-dimensional
model. The specific calculation conditions and
boundary conditions are shown in Table 2.
 6/=28.The IFIM method was used to
study the distribution of water depth and velocity in
the river section under different flow rates, combine
the suitability curves of water depth and velocity for
the target species, calculate the habitat area of the
target species (weighted available area (A) value),
obtain the quantitative relationship between A and
flow, and determine the flow corresponding to the
turning point as ecological flow from the curve of A
and flow. The equation for A is:

∂ ∂ ∂ 
+
+
=0
∂
∂
∂
⎞
∂
1⎛ ∂
 ∂ 2
∂
∂
⎞ 1⎛ ∂
+ ( ) + ( ) +
 =  ( 0 −   ) + ⎜ ( τ ) ⎟ + ⎜ ( τ ) ⎟
∂ ∂
∂
2∂
ρ ⎝∂
⎠ ρ ⎝∂
⎠
∂
⎞
1⎛ ∂
∂
∂
 ∂ 2
⎞ 1⎛ ∂
+ ( ) + ( ) +
 =  ( 0 −   ) + ⎜ ( τ ) ⎟ + ⎜ ( τ ) ⎟
2∂
ρ ⎝∂
∂ ∂
∂
⎠ ρ ⎝∂
⎠

where  is the depth of water; U and V are
the average velocities in the x and y directions; qx
and qy are the flow values corresponding to the flow
rate; g is the gravitational acceleration; ρ is the



density of water; S0x and S0y are the slope of the bed
at the bottom in the x and y directions; Sfx and Sfy are

= ∑
 =1
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respectively, which proves that the model can be
used.


$%'&%

&2/,386+<<+7..3<=;3,>=38780,/7=23-.3+
=86< To determine the chlorophyll levels and the
diatom counts, the pebbles were removed from the
two experimental sections in the Baitiao River. Thus,
two experimental cross-sections were obtained for
the biomass of benthic diatoms on the pebble matrices at different locations (Fig. 5a, Fig. 5b). The results showed that the largest biomasses of the two
experimental sections are located in the middle of the
river bank and river channel transition zone. The
density of benthic diatoms in section T1 reaches
5825 cells/cm2, and the concentration of chl a is 14.2

=  
  

where

 ( ,  ,  )  is the combined

suitability value of the influence factors in each computing unit;  is the velocity, m/s;  is the depth

 is the channel index, including substrate and cover;  is the horizontal area of each
of water, m;

computing unit with the effective section distance as
the length, m2;  is the length of the river, m.
8./5?+53.+=387It is difficult to obtain all the
field data. To validate the models used in this study,
the current velocity and water depth were measured
in the same study reach on March 15, 2017. Then,
we compared the calculated values with the measured values. The model was calibrated by adjusting
the mesh and input parameters to make the simulation results close to the measured hydrodynamic
characteristics.
The water depth and velocity accuracies of
MIKE 21 ranged from 82% to 97% and 81% to 96%,

μ  /  2 . The density of benthic diatoms in section
T2 reaches 7281 cells/cm2, and the concentration of
chl a also reaches 12.5 μ  /  2 . The velocity and
depth of water in this section can provide suitable
habitat conditions for benthic diatoms.
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+58@?/58-3=B.3<=;3,>=38737=2//A9/;36/7=+5+;/+
,)+=/;./9=2.3<=;3,>=38737=2//A9/;36/7=+5+;/+
B.;+>53- -87.3=387< += =2/ /A9/;36/7=+5
9837=The velocity and depth distribution of the experimental section were obtained by numerical simulation (Fig. 6a, Fig. 6b).
When the flow is 20 m3/s, the flow velocity in
the area of the test sections is 0 -3.5 m/s, and the
maximum depth is 1.2 m.


%'%%"!

+,3=+=<>3=+,353=B08;;3?/;,/7=23-.3+=86<
Based on the simulated hydraulic conditions in
the experimental area, we extracted the velocity and
depth of the water at 6 experimental points at the T1
and T2 experimental sections and established the
corresponding relation curves (Fig. 7, Fig. 8) in combination with the biomass of benthic diatoms on the
pebble substrate in each experimental section.
In this study, we found that the biomass of benthic diatoms significantly different in the direction of
the cross-section of the river. The change in the density of benthic diatoms was 44-7281 cells/cm2. The
maximum concentration of chl a was 14.2



concentration of chl a was 10.5-14.6 μg/m2. When
the flow rate gradually increased from 0.26 m/s to
0.96 m/s, the biomass of benthic diatoms also gradually increased. When the flow rate increased further,
the biomass of benthic diatoms began to decline.
When the flow rate reached 2.1 m/s, the diatom density was only 44 cells/cm2. In this study, when the
flow rate was 1.12 m/s, the concentration of chl a
was highest (14.2 μ  /  2 ). A low flow rate is not
conducive to the growth and reproduction of benthic
diatoms because a low flow rate will reduce the circulation and transport of nutrients and increase the
accumulation of metabolites. Whitford [30] found
that the turbulent flow in some water bodies shortened the diffusion distance and gradient of cell surface material exchange and increased the rate of material exchange between algae cells and the surrounding water bodies. Velocity can reduce the biomass of benthic algae via friction and suspended sediment abrasion [31, 32] or increase the biomass by
increasing the transfer of nutrients to the algal mat
[33, 34]. Bunn et al. [35] also showed that in some
cases, a transition zone may be formed near that bank
and the main river, and the biomass of benthic diatoms in the transition zone is significantly greater
than that in the main river channel.
The biomass of benthic diatoms along the river
cross-section exhibits significant differences in the
distribution of different water depths (Fig. 8). When
the water depth was 0.3-0.56 m, the density of benthic diatoms was 5000-7600 cells/cm2, and the concentration of chl a was 11-14.8 μg/m2. When the water depth decreased from 0.53 m to 0.13 m, the density of benthic diatoms sharply declined from 5825

μ  / 2 ,
μ  / 2 .

and the lowest concentration was 1.9
Flynn et al. [29] also found that hydrodynamic characteristics affected by topography can lead to differences in the biomass, distribution and population of
algae.
The biomass of benthic diatoms was significantly different at different flow rates (Fig. 7). When
the velocity was 0.86-1.2 m/s, the density of benthic
diatoms was 5000-7400 cells/cm2, and the
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cells/cm2 to 306 cells/cm2. In this study, when the
water depth was 0.53 m, the concentration of chl a
was the highest (14.2 μg/m2), and when the water
depth was 0.36 m, the diatoms exhibited the highest
density (7281 cells/cm2) because they can absorb
sufficient light for photosynthesis within a certain
depth range.
With the further increase in water depth, the biomass of benthic diatoms began to decrease, and the
density of benthic diatoms decreased to 73 cells/cm2
at a depth of 0.95 m. This change occurred because,
in free-flowing rivers, the topography of the river determines the depth of the water, resulting in a different depth of transparency and light environment in
the water, which has an important effect on benthic
diatoms [36]. At the same time, in the shallow water
area, due to the terrain or boundary conditions, the
river has a low velocity and a high light intensity,

which is not suitable for the growth and propagation
of benthic diatoms. Therefore, the biomass of benthic diatoms in the shallow water area was also small.
In summary, the results of the biomass of benthic diatoms in the cross-sections of the river indicated that there is a critical interval of hydraulic conditions for the distribution of benthic diatoms in river
cross-sectional habitats. Within this interval, the hydraulic conditions provide a suitable hydraulic habitat for the growth and reproduction of benthic diatoms, which ensures the metabolism of benthic diatoms and the normal progress of various physiological activities, thus ensuring enough diatom biomass
on the river bottom (pebble matrix) to provide abundant bait resources for fish and other higher organisms and maintaining the healthy and stable operation of the entire river ecosystem.
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percentage of average flow during the spawning period
for  in March and April (%)
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In this study, the critical interval of this hydraulic condition was located in the transition zone between the river bank and the main channel. When the
flow velocity is in the range of 0.96 ~ 1.12 m/s and
the water depth is in the range of 0.36 ~ 0.53 m, the
biomass of benthic diatoms was relatively high
(5825~7281 cells/cm2). Therefore, the hydraulic
conditions suitable for benthic diatoms were obtained through combined indoor and outdoor experiments, which provided a theoretical basis for the
calculation of the ecological water demands of benthic diatoms and the formulation of ecological
scheduling schemes for the Changbo dam.

IFIM combined with River2D software was used to
calculate the WUA for the benthic diatoms of the
river at different flows. The results are shown in Table 3.
The relationship between the channel flow and
the WUA can be established by the WUA values corresponding to different flow rates (Fig. 9)
As seen from the above figure, there is a maximum point in the relation curve; that is, when the
flow percentage is 25%, the total WUA is largest
(38693.1 m2).
Therefore, according to the results of the research on the protection of benthic diatoms, to meet
the feeding demands during the spawning period of
SdH from March to April every year and ensure the
sufficient biomass of benthic diatoms in the river
section, the recommended ecological water demand
of the river section with reduced water flow after the
Changbo dam is 77 m3/s, accounting for 25% of the
average annual flow in the three months and four
months during the spawning period, accounting for
8% of the average annual flow.
The spawning period of SdH is March, so starting in February, the discharge of the Changbo dam
should be adjusted to 77 m3/s to create a suitable hydraulic condition for the benthic diatoms. The diatoms will begin to multiply and grow and can be reserved for the feeding and spawning of SdH.

-85813-+5 <-2/.>5371 -87<=;+37=< ,+</. 87
,+3=9;8=/-=387.8@7<=;/+680=2/2+71,8.+6
SdH are present in the river section of the Changbo
dam, in Sichuan Province. SdH is a cold-water bottom fish that lives at the bottom in flowing water.
This species especially inhabits the clear dry tributaries and the deep, clear waters. The breeding period
is from March to April, and the species consumes algae, mainly diatoms.
According to the calculated conditions of the
section (($ " ! '&"! #$ 
&$%, the boundary conditions and the habitat suitability for the river benthic diatoms in this section
( && %'&&+ " $($ !& &" ), the
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The biomass of benthic diatoms corresponding
to the experimental section was determined by outdoor and indoor experiments. Combined with 2D
(MIKE 21) simulation software, the optimum
growth velocity and depth range of benthic diatoms
in natural rivers were found, and the suitability of
river habitats for benthic diatoms was established.
Based on the habitat suitability relationship of
benthic diatoms, the ecological water requirements
for fish bait protection in the lower reaches of
Changbo dam were calculated using IFIM and
River2D software.
The results of this research can provide a reference for the growth of diatoms, biological protection,
establishment of an ecological operation scheme for
the Changbo dam and protection of the downstream
ecological environment.
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One of factors to take into consideration to improve the rangeland quality is forage quality indicators (FQI) such as neutral detergent fiber (NDF),
acid detergent fiber (ADF), digestible dry matter
(DDM), dry matter intake (DMI), crude protein
(CP), metabolizable energy (ME), relative feed
value (RFV) and relative forage quality (RFQ). To
study the relations among these indicators and to
evaluate the sources of relationships and variations
among the rangeland forages, 45 different desirable
forage species were collected from Akdağ rangelands in Samsun province of Turkey in 2015 and
2016. All FQI were analysed using the restricted
maximum likelihood and a multivariate approach.
The legume, grass and the other plant family species
exhibited generally the highest, the lowest and intermediate FQI, respectively. The quality score based
on RFQ was higher for the other family species than
those for the legume and grass species. The NDF and
ADF contents of species showed negative relationship with ME, RFV and RFQ, while the CP was positively and negatively correlated with these variables. The DDM, ME, RFV, RFQ and DMI components accounted for 86.68% of total variation of species. The first cluster composed of, in general, the
legume and the other family species, whereas second
cluster included all grass species. In conclusion, the
legume and the other family species showed higher
quality than grass species. The FQI appeared mainly
botanical family dependent rather than single species. The ME, RFV and RFQ rather than the CP
should be mainly considered for evaluation of species.



Use of rangeland forage species by grazing domestic ruminants (cattle, goat and sheep) is an integral component of agricultural systems, because
rangelands, which compose 69% of the world’s
dryland area [1] are the cheapest feed resource available [2]. Furthermore, in low input pastoral production systems, livestock grazing relies completely on
natural forage resources [3]. Therefore, the nutritive
value of a rangeland depends on mostly the amount
consumed by an animal and contribution of the required nutrient for maintenance and production [46].
To make up for lack of information and awareness on the nutritional dynamics of range forage species, neutral detergent fiber (NDF), acid detergent fiber (ADF), digestible DM (DDM), DM intake
(DMI), crude protein (CP), metabolizable energy
(ME), relative feed value (RFV) and relative forage
quality (RFQ) of various plant species from different
rangelands is still being investigated in different
ecology conditions [6-11]. Some forage quality indicators (FQI) such as CP, NDF, ADF, DDM, DMI
ME, RFV and RFQ, which are closely associated
with animal productivity, are mainly considered
among quality features for evaluation of individual
rangeland species [7].
One of factors to take into consideration when
selecting forage species to improve the rangeland
quality is the FQI. The hypothesis tested was that
there are the variations and relations among the FQI
and these indicators are the sources of similarity of
desirable forage species and relationships among the
rangeland forages. Also, to compare on an “apples to
apples” basis the RFQ ranges of rangeland forage
species and types, a fair and robust system is still
needed. Therefore, this study was conducted to study
the relations among the FQI and to evaluate the
sources of similarity and relationships as well as variations among some desirable grazing plant species.
In addition, it was aimed to generate a quality grade
for range forage species like grading systems used
for marketing of forages.

)( #$
Feed value, Quality grade, Principle component, Cluster
analysis, Forage evaluation
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$<=-A *:.* *6- ;*584260 7/ ;8.,2.; The
study was conducted at rangelands in Ladik-Akdağ
Mountain in the ecological conditions in Samsun
province located in the middle Black Sea region of
Turkey (40°50′ to 41°51′ N and 37°08′ to 34°25′ E
at nearly 1200 m a.s.l.) during 2015 and 2016. In the
local climate, summers are warm and humid, while
winters are cool and damp with a mean annual temperature of 10.2°C ranging from 3.1°C in winter to
16.7°C in summer and with a mean annual rainfall
of 583.6 mm during the study period. Most of the
rangeland areas in the region are characterized by a
large and rugged topographic feature and open to
public grazing.
To collect samples of rangeland species, the
five lines of approximately 1000 m in different areas
of four rangeland communities, which are at least 5
km away from each other, were selected and samples
were collected at five times by 15 day intervals from
5 May (before-flowering stage) to 5 July (after-flowering stage) of each year. Thus, a total of 115 species
were identified and then approximately 300 g fresh
samples of each species identified in each rangeland
at various growth stages were collected. These species were classified according to family (legume,
grass and other plant family), preference by grazers
(preferred and non-preferred) and growth form (annual and perennial). In this study, because these species are important for the vegetation composition of
studied rangelands and highly palatable and preferred by most grazers that contribute to the openaccess grazed areas productivity, a total of 45 species
(14 legumes, 12 grasses and 19 the other plant families) classified as perennial preferred (desirable species were compared (Table 1). Furthermore, to generate a quality grade of rangeland species for grazing
animals by RFQ were used only the desirable species
of legume and grass families, since the RFQ of these
species were lower than those of the others plant
families which are not the major desirable feed resources.
6*4A;.; *6- ,*4,=4*<276 7/ 9=*42<A 26-2,*
<7:; Fresh samples of all species were dried at 60
°C for 72 h, and then ground in a mill to pass through
1 mm screen prior to analyses. The CP, NDF, ADF,
DMD, DMI, ME, RFV and RFQ of species were
used to determine the FQI.
The nitrogen in the samples were analysed following the methods of AOAC [12]. The CP content
was calculated by multiplying nitrogen content determined using the micro-Kjeldahl method [12] with
a factor of 6.25. The contents of NDF and ADF were
analysed using the ANKOM A200/220 (ANKOM
Technology Corp., Fairport, NY, USA) fiber analyzer filter bag technique [13]. The ME, RFV and
RFQ of studied species were calculated as described

by Moore and Undersander [14]. The DDM and
DMI were calculated from percentage ADF and
NDF values using the following equations, respectively; DDM (%) = 88.9 – (0.779 × % ADF) and
DMI (% of body weight, BW) = 120/(% NDF). The
ME value was estimated using the following equation; ME (MJ kg-1 DM) = 0.17% DDM – 2.0. The
RFV and RFQ of species was estimated from DDM
and DMI using the following equations; RFV =
(DDM × DMI)/1.29 and RFQ = (DMIlegume or grass, %
of BW) × (TDNlegume or grass, % of DM)/1.23, respectively. The DMI and total digestible nutrients (TDN)
were calculated separately for legume and grass species as described by Undersander and Moore [15]
and Undersander et al. [16]. The determination of
48-hour " )'%# NDF digestibility (% of NDF) of
species was conducted as described by Hoffman et
al. [17].
$<*<2;<2,*4 *6*4A;2; A total of eight sites (2
years x 4 rangelands) were regarded and five different sample collection periods were selected in all the
environments for the forage species. Studied forage
variables were averaged per forage species to generate means for statistical analyses (Table 1). The chosen FQI traits were converted into a suitable input
format to perform univariate analysis on each trait
using the REML method [18]. Analysis of the mixed
model with the REML procedure combined both
fixed model (= Constant + species + rangeland + species × rangeland) and random model (= Year + period). The year × species interactions were not estimated. Furthermore, the effects of rangeland and
species × rangeland interactions were not shown in
the tables and elsewhere, because their effects on any
of the studied parameters were not significant.
Regression equations and bivariate correlations
of traits (CP, NDF, ADF, ME, RFV and RFQ) in the
studied forage species were determined on the basis
of Pearson's correlation coefficient using the best linear unbiased estimators (BLUEs) of the traits generated by the mixed model. Significant differences
among means were detected using Duncan's multiple
range test and the significance was set at $ < .05.
Whileprincipal component analysis (PCA) was used
for analysing relationships among the species, cluster analysis (CA) dendrogram was used to evaluate
the sources of similarity of species based on studied
parameters. Quality of rangeland fodder species was
classified by PCA and CA using the Dimension reduction procedure and Legacy dialogs procedure.
The analytical results shown in Table 2 were used as
input for PCA, a powerful technique for pattern
recognition that attempts to explain the variance of a
large set of intercorrelated variables. All analyses
were performed using the IBM SPSS statistics software package for Windows (SPSS v21.0; IBM SPSS
Statistics, Version 21.0. Armonk, NY: IBM Corp.).
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!.:.662*4-.;2:*+4.0:*B26084*6<;8.,2.;,744.,<.-/:75:*60.4*6-;/7:<?7A.*:;  <7  
English term
Legume species
Pitch trefoil
Broom
Purple crownvetch
Bird’s foot trefoil
Yellow alfalfa
Black medick
Alfalfa
Pasture sainfoin
Purple-globe clover
Strawberry clover
Alsike clover
Red clover
White clover
Bird vetch
Grass species
Desert crested wheatgras
Bermudagrass
Crested dogstail grass
Orchardgrass
Sheep fescue
Tall fescue
Bulbous barley
Perennial ryegrass
Narrow leaved bluegrass
Bulbous bluegrass
Kentucky bluegrass
Rough bluegrass
Other plant family species
Yellow bugleweed
Daisy
Waxflover
Withloaf cichory
Dwarf morning glory
Cranesbills
Eastern globularia
Golden flax
Lemon balm
Ribwort plantain
Milkwort
Sheep’s sorrel
Small burnet
Greater stitchwort
Dandelion
Wild thyme
Goard’s beard
Gypsyweed
Speedwell



Botanical name

No of sampled
Period
Rangeland

'(!"%'(!"#&(L.) C.H. Stirt.
!+'&(&$+!(&(Willd.) Rothm
#%#" )%L. subsp. )% L.
#'(&#%"( '(&L.
# 'L.
# ($( "L.
#&')L.
"#%+&%!"Boiss&Huet
%# (! $&'%L.
%# (!%%(!L.
%# (!+%(!L.
%# (!$%'"&L.
%# (!%$"&L.
%L.

3
3
4
4
4
3
3
3
4
2
2
5
4
3

2
4
3
4
4
4
4
3
4
4
4
4
4
3

%#$+%#"&%'#%(!(Fisch. ex Link)
+"##"'+ #" (L.) Pers
+"#&(%(&%&''(&L.
'+ & #!%'L.
&'(#)"L.
&'(%("" Schreb.
#%(!( #&(!L.
# (!$%""L.
#"(&'# L.
#( #&L.
#$%'"&&L.
#'%) &L.

(!$'+&(L.) Schreber
 &$%""&L.
%"'!"#%L.
#%(!"'+(&L.
#")# )( (&"'%L.
%"(!sp.
#( %'%#&"'Fisch
"(! )(!&(&$ )(!
 &&#" &L.
 "'# "# 'L.
# + &($"Schreb.
(!*'#& L.
"(&#%!"#%Scop.
' %# #&'L.
%*(!#" L.
+!(&$%#*Opiz
%#$##"%'( '(&Boiss
%#"!( 'L.
%#"#%"' &Miller

4
3
3
3
4
4
5
3
5
3
5
4

2
2
4
4
4
4
3
3
2
4
3
4

4
3
4
4
3
6
4
3
3
3
3
3
3
3
5
5
5
2
4

4
4
4
4
3
4
4
4
4
4
4
4
3
3
4
4
4
3
4


#$&%$

%1. >*:2*<276; *6- :.4*<276; *5760 /7:*0.
9=*42<A26-2,*<7:;*6-,*<.07:2.; The FQI varied
between and within desirable legume and grass species (Table 2). Also, there were great variations in
the FQI among the other family species studied (Table 3). There were differences between ADF, NDF
and CP contents and DDM, DMI, ME, RFV and

RFQ parameters of legume species as well as among
grass species ($ < .05). The high ADF contents were
determined for #%(! ( #&(! %#$+%#"
&%'#%(!and#"(&'# , whereas very low
ADF contents were recorded for '(!"%'(!
"#& %# (! +%(! # &') #
'%) &and%# (!%$"&($ < .05).
Within the other families, the highest ADF content (ranged: 434.2-355.5 g kg−1 DM) was found in
#%(!"'+(& #( %'%#&"'and
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%1./7:*0.9=*42<A26-2,*<7:;7/8.:.662*4-.;2:*+4.4.0=5.*6-0:*;;;8.,2.;,744.,<.-/:75:*60.4*6-;
Species
ADF
NDF
DDM
DMI
CP
ME
RFV
RFQ
QS
Legume
'(!"%'(!"#& 
282.0 h
412.4 fg
669.3 a
2.97 ab
186.7 abc
9.38 a
155.0 ab
152.3 ab
P
!+'&(&
346.8 b-h
498.0 de
618.9 a-g
2.43 cde
158.6 bc
8.52 a-g 116.2 d-g
111.5 d-i
3
$+!(& 
#%#" )%
311.2 fgh
443.8 efg
646.6 abc
2.75 abc
169.5 bc
8.99 abc 138.7 a-d
138.6 a-d
P
#'(&#%"( '(&
285.8 gh
395.5 g
666.4 ab
3.06 a
172.1 bc
9.33 ab
158.4 a
155.4 a
P
# ' 
309.8 fgh
437.7 efg
647.7 abc
2.78 abc
177.4 bc
9.01 abc 140.0 a-d
136.7 a-e
1
# ($( "
325.2 c-h
462.7 efg
635.7 a-f
2.61 a-d
170.4 bc
8.81 a-f
128.8 b-e
128.3 b-f
1
#&')
298.5 gh
435.2 efg
656.4 ab
2.80 abc
224.5 a
9.16 ab
143.5 a-d
135.8 a-e
1
"#%+&%!" 
348.2 b-h
478.5 def
617.8 a-g
2.58 b-e
158.8 bc
8.50 a-g 125.4 cde
120.8 b-i
2
%# (! $&'%
327.6 c-h
471.3 d-g
633.8 a-f
2.56 b-e
163.3 bc
8.78 a-f
126.3 cde 123.5 b-h
2
%# (!%%(!
350.4 b-g
478.4 def
616.0 b-g
2.52 b-e
146.3 cde
8.47 b-g
120.1 def
115.3 c-i
2
%# (!+%(! 
289.3 gh
406.8 fg
663.6 ab
2.95 ab
176.7 bc
9.28 ab
152.4 abc 147.7 abc
P
342.2 b-h
473.8 def
622.4 a-g
2.57 b-e
155.0 bc
8.58 a-g 125.0 cde 124.3 b-g
1
%# (!$%'"& 
%# (!%$"& 
314.3 e-h
439.8 efg
644.1 a-d
2.76 abc
174.3 bc
8.95 a-d
138.2 a-d
135.8 a-e
1
% 
383.7 a-d
543.3 d
590.1 e-h
2.23 def
200.5 ab
8.03 e-h
102.3 e-h
100.0 f-j
3
Grass
%#$+%#"&%'#%(!
406.0 ab
757.6 a
572.7 gh
1.58 h
90.6 fg
7.74 gh
70.3 i
91.4 hij
5
+"##"'+ #"
321.3 d-h 687.6 abc
638.7 a-e
1.75 gh
97.0 f
8.86 a-e
86.4 hi
117.4 c-i
2
+"#&(%(&%&''(&
390.2 abc
719.9 ab
585.0 fgh
1.67 h
74.7 fg
7.94 fgh
75.7 hi
94.9 g-j
4
'+ & #!%'.
375.9 b-f
703.2 ab
596.2 c-g
1.72 gh
108.4 def
8.13 c-g
79.9 hi
91.0 hij
5
&'(#)"
387.7 a-d
722.8 ab
587.0 e-h
1.66 h
95.4 f
7.98 e-h
75.7 hi
93.6 hij
4
&'(%(""
369.3 b-f
692.2 abc
601.3 c-g
2.15 efg
100.6 ef
8.22 c-g
81.0 hi
97.9 f-j
4
#%(!( #&(!
445.8 a
758. 9 a
541.7 h
1.59 h
49.1 g
7.21 h
66.5 i
75.7 j
5
# (!$%""
326.2 c-h
660.2 bc
634.9 a-f
1.82 fgh
102.5 ef
8.79 a-f
89.7 ghi
110.1 d-i
3
#"(&'# 
395.6 ab
721.1 ab
580.8 gh
1.66 h
97.4 f
7.88 gh
75.1 hi
88.4 ij
5
#( #&
378.6 b-e
718.3 ab
594. 1 d-g
1.68 h
93.2 fg
8.10 d-g
77.7 hi
93.2 hij
4
#$%'"&&
371.6 b-f
710.9 ab
599.5 c-g
1.69 h
107.7 def
8.19 c-g
78.5 hi
98.1 f-j
3
#'%) &
312.6 e-h
630.3 c
645.5 a-d
1.91 fgh
150.0 cd
8.98 a-d
95.4 f-i
104.5 e-j
3
ADF: acid detergent fiber (g kg-1 DM), NDF: neutral detergent fiber (g kg-1 DM), DDM: digestible dry matter (g kg-1 DM), DMI: dry matter
intake (% of body weight), CP crude protein (g kg-1 DM), ME metabolizable energy (MJ kg-1 DM), RFV: relative feed value, RFQ: relative
forage quality, QS: quality score. P: premium.a, b, c, …Means in a column with different superscripts are different ($.05).

% 
%1./7:*0.9=*42<A26-2,*<7:;7/8.:.662*4-.;2:*+4.<1.7<1.:/*524A;8.,2.;,744.,<.-/:75:*60.4*6-;
Species
ADF
NDF
DDM
DMI
CP
ME
RFV
(
328.1 b-e 424.0 bcd
633.4 a-d
2.90 a-e
104.5 de
8.77 a-d
143.5 a-d
!$'+&
 &
251.6 de
359.3 cd
693.0 ab
3.39 abc
120.6 cde
9.78 ab
183.3 ab
$%""&
%"'!"#%
262.3 cde 391.9 bcd
684.7 abc
3.14 abc
120.8 cde
9.64 abc
168.2 abc
#%(!
434.2 a
576.7 a
550. 7 e
2.14 de
85.6 e
7.36 e
91.7 d
"'+(&
#")# )( (&
309.0 b-e
453.4 bc
648.3 a-d
2.79 a-e
131.9 b-e
9.02 a-d
143.2 a-d
"'%
%"(!&$
274.4 cde
359.8 cd
675.3 abc
3.56 ab
142.4 b-e
9.48 abc
188.7 a
#( %
384.2 ab
479.4 ab
589.7 de
2.50 cde
104.8 de
8.03 de
114.4 cd
'%#&"'
"(!
309.0 b-e
455.2 bc
648.3 a-d
2.66 b-e
124.3 cde
9.02 a-d
134.2 a-d
 )(!
 &&
355.5 abc
477.6 ab
612.1 cde
2.52 cde
107.1 de
8.41 cde
119.5 bcd
#" &
 "'#
296.9 b-e 429.7 bcd
657. 7 a-d
2.89 a-e
105.9 de
9.18 a-d
149.6 a-d
"# '
# + &($"
242.1 e
331.8 d
700.4 a
3.62 ab
114.2 cde
9.91 a
196.5 a
(!*'#& 
257.6 de
333.3 d
688.4 ab
3.71 a
185.2 ab
9.71 ab
199.3 a
"(&#%
275.2 cde 395.1 bcd
674.6 abc
3.10 a-d
105.9 de
9.47 abc
164.4 abc
!"#%
' %
329.9 b-e
579.6 a
632.0 a-d
2.08 e
98.8 de
8.74 a-d
102.3 cd
# #&'
%*(!
259.4 de
360.5 cd
686.9 ab
3.50 ab
164.7 bc
9.68 ab
189.2 a
#" 
+!(&$%#*
343.0 bcd
479.2 ab
621.8 bcd
2.52 cde
98.6 de
8.57 bcd
121.6 bcd
%#$##"
286.9 cde 404.9 bcd
665.5 abc
2.96 a-e
222.8 a
9.31 abc
152.9 a-d
%'( '(&
%#"
308.3 b-e 380.3 bcd
648.8 a-d
3.20 abc
99.8 de
9.03 a-d
161.1 abc
!( '
%#"
269.9 cde 399.5 bcd 678.7 abc
3.01 a-e
154.1 bcd 9.54 abc
158.1 a-d
#%"' &
a, b, c, …Means in a column with different superscripts are different ($ < .05). The abbreviations are as in Table 1.
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 &#" &while the lowest (ranged: 242.1 g
kg−1 DM) was found for # + &($"($ < .05).
Grasses had generally higher ADF levels than legumes and lower levels than the other families ($
05). %#$+%#"&%'#%(!and #%(!( #&(!
(757.6 and 758.9 g kg-1 DM) exhibited the highest
NDF values which were different from some grass
(# (!$%"""#'%) &and all legumes
species. As seen in Table 3, the highest NDF content
was found in ' %# #&'" #%(!"'+
(& while the lowest was found for # + &($"
and(!* '#&  ($ < .05). Grass species had
generally higher NDF levels than species from legume and the other families ($ < .05). Species from
the other families (ranged: 700.4-550.7 g kg−1 DM
and 3.71-2.14 % of body weight, respectively) had a
higher DDM and DMI values than legume (ranged:
669.3-590.1 g kg−1 DM and 3.06-2.23 % of body
weight, respectively) and grass (ranged: 645.5-541.1
g kg−1 DM and 2.15-1.58 % of body weight, respectively) species depending on the ADF and NDF values. Each of the species from legume and the other
families had a similar DDM value except for some
legumes (%# (!  $&'% and  %) and
the other families ( #%(! "'+(&, #( %
'%#&"' and  && #" &), whereas the
DDM values of grass species were more varied.
There were no significant differences between estimated DMI values of species within, but not among,
the studied families.
The legumes, grasses and other families had
highest (ranged: 146.3-224.5 g kg−1 DM), lowest
(ranged: 49.1-150.0 g kg−1 DM) and medium
(ranged: 85.6-222.8 g kg−1 DM) FQI, respectively
(Table 2 and 3). There were differences between CP
contents within and among legume and grass species
($ < .05). The CP content of some legume species
(# &')  %) was generally
greater than that of grass and other legume species
($ < .05). There were significant differences between
CP contents of legume species except for #
&') '(!"% '(!"#& and  %
There were significant differences between the CP
contents of some grass species such as #'%) &,
&'( #)" and #%(! ( #&(!. High ME
were obtained in '(!"% '(!"#& (9.38 Mj
kg-1 DM) which was different from some legume
(T%# (! %%(! and %, grass and
other families species (# (!$%"""#'%)
 &.
There were significant differences between
RFV and RFQ (ranged: 120.1-158.4 and 100.0155.4 for legume species, 66.5-95.4 and 75.7-117.4
for grass species and 91.7-199.3 and 90.1-191.9 for
legume species) of species within and among the
studied families. However, there were small variations within species of the studied families. The
quality score based on RFQ (Table 4) were higher
for species of the other families (generally premium

- 5) that those of legume (premium -3) and grass (2 5) species (Table 2 and 3).

% 
%1./7:*0.9=*42<A,*<.07:2.;+*;.-76:.4*<2>.
/7:*0.9=*42<A#":*60.;7/4.0=5.*6-0:*;;
;8.,2.;
Forage Quality Category
Premium (P)
1
2
3
4
5

RFQ ranges
> 138
125-137
115-124
99-114
93-98
< 93

Estimated parameters for the regression equations of the FQI and bivariate correlations displaying
the relationship among these variables are presented
in Table 5. The CP was negatively correlated with
NDF (% = -0.509) and ADF (% = -0.573) while positively correlated with ME (% = 0.510), RFV (% =
0.503) and RFQ (% = 0.451). However, there was a
weak relationship between the CP with these parameters ($ < .05). The relationships between the ADF
and NDF (%= 0.811, $ < .05), ME (% = -1.000, $ <
.001), RFV (%= -0.892, $ .01) and RFQ (% = 0.918,
$ .001) were very strong and significant. The NDF
showed a negative and strong correlation with ME (%
= -0.657, $ < .05), RFV (% = -0.955, $ < .001) and
RFQ (%= -0.887,  < .01). The ME value had a positive and strong correlation with RFV (% = -0.892, $
< .01) and RFQ (%= 0.918, $ < .001). The RFV of
studied species had a positive and strong correlation
with their RFQ (%= 0.977, $ .001).
The RFV and RFQ of perennial desirable legume and the other plant families collected at various
growth stages were higher compared to grass species
(Figure 1). The FQI (RFV and RFQ) of the legume,
grass and the other plant families were different at
various growth stages. However, the differences in
the parameters of the legume and the other plant
families decreased with time and they come near to
those of grasses. Moreover, with advancing growth
stage, there was a fast and great decline in the RFP
and RFQ of the other families and legumes compared to those of grasses.
%1. ;2524*:2<A *6- :.4*<276;128; 7/ /7:*0.
;8.,2.;Table 6 presents the PCA results including
the loadings, eigenvalues and variance elucidated by
each principal component. Factor loadings with varimax rotation as well as the eigenvalues indicate that
there were two components with eigenvalues >1, and
that these factors explain 86.678% of the total variance. The first factor explains 74.571% of the total
variance due to DMI, ME, RFV and RFQ, while Factors 2, dominated by DDM, accounted for 12.107%
of the total variance.
The CA and the dendrogram (Figure 2) show
hierarchical relationships between the species in the
data in terms of similarity or dissimilarity of their
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attributes represented by the parameters. The plant
species were grouped into two main Cluster (A and
B) and 18 sub-groups and based on the similarity coefficient of the FQI. The species in Cluster A and B
had no similarity. Cluster A, included 10 of subgroups, comprised of species from legume (13 species) and the other families (14 species), whereas
Cluster B, included eight of sub-groups includes all
grass species as well as one legume and nine the
other family species. Accessions in Cluster A had

low ADF and NDF, high CP, ME, RFV and RFQ and
subsequent a higher the forage quality category
based on RFQ ranges compared to that in Cluster B
which had a lower FQI and quality score. Although
the test results (Table 2 and 3) showed that the differences in the FQI of these species were significant,
the number of species in the sub-groups was higher
when the difference between species in terms of the
FQI was smaller.



% 
;<25*<.-8*:*5.<.:;/7:<1.:.0:.;;276.9=*<276;7/<1.,:=-.8:7<.26!6.=<:*4-.<.:0.6</2+.:
*,2--.<.:0.6</2+.:5.<*+742B*+4..6.:0A:.4*<2>./..->*4=.#'*6-:.4*<2>.
/7:*0.9=*42<A#"*6-+2>*:2*<.,7::.4*<276;-2;84*A260<1.:.4*<276;128*5760<1.;.>*:2*+4.;
Predictors


SE†
t
r
SE§
Dependent variable: CP
ADF
270.289
-0.418
0.108
7.574***
-0.509*
35.296
NDF
222.559
-0.175
0.038
11.052***
-0.573*
33.626
ME
-143.087
31.557
8.112
-2.007*
0.510*
35.296
RFV
64.251
0.544
0.143
3.413***
0.503*
35.463
RFQ
56.542
0.596
0.181
3.282**
0.451*
36.689
Dependent variable: ADF
NDF
173.990
0.303
0.033
9.903***
0.811*
29.337
ME
989.719
-75.480
0.053
2127.8***
-1.000***
0.230
RFV
447.428
-1.177
0.091
39.661***
-0.892**
22.675
RFQ
518.900
-1.481
0.098
40.201***
-0.918***
19.810
Dependent variable: NDF
ME
1944.095
-163.649
18.040
12.260***
-0.811*
78.490
RFV
937.121
-3.373
0.160
44.460***
-0.955***
39.703
RFQ
1002.600
-3.832
0.305
24.947***
-0.887**
61.721
Dependent variable: ME
RFV
6.789
0.016
0.001
42.600***
0.892**
0.300
RFQ
6.240
0.020
0.001
36.392***
0.918***
0.262
Dependent variable: RFV
RFQ
-26.929
1.194
0.039
-5.349*
0.977***
7.971
: the intercept of the linear regression; : the regression coefficient; SE†: standard error of the regression coefficient, SE§:
standard error of the estimate, * < 0.05; ** < 0.01; *** < 0.001.
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Variable

a negative index of nutritive value in net energy [30].
Indeed, the CP values were negatively correlated
with NDF and ADF, while positively correlated with
ME, RFV and RFQ.
The results of PCA showed that the variations
between the forage species from rangeland were resulted from especially quality indicators due to the
ME, RFV and RFQ of forages were dominated an
important part of the total variance. Moreover, there
was a positive and strong correlation between these
quality indicators. These results suggests that within
the three basic traits, the use of range species based
on one trait is likely to produce a similar response in
another trait, but doing so is unlikely to produce any
systematic response in ADF or NDF.
The differences between the results of the present and previous studies in terms of RFV and RFQ
of studied families can be attributable to differences
in range species, management, climate and soil type
[8, 29]. Moreover, the CP content of the legume and
the other families is higher and declines only slowly
[31], while the NDF and ADF contents were lower
and accumulate quickly [6] with maturity compared
to grasses. Indeed, the CP content often declines with
increasing structural components (NDF and ADF) of
plant [11, 24]. The stems in some grass species may
become more digestible than the leaves with time
[29, 8]. Therefore, a decrease in the FQI (RFV and
RFQ) in the present study as the growth stage progresses may be attributed to the fact that indicators
of high nutritive value decrease, while that of low
nutritive value increase as forage plant mature [4].
The higher DDM and DMI in the legume and
the other family species compared to those in the
grass species may be related to leaf form and structure of legumes [6, 32]. This may explain why legumes were intermediate in the FQI between grasses
and the other families at different growth stages.
Based on these results and the dendrogram based on
the similarity of these parameters, the relatively high
FQI in the legume and the other family species compared to grass species has placed these plant families
as being more desirable in terms of quality. Hughes
et al. [3] noted that a reliable supply of excellent
quality pasture is critical for successful pasturebased production systems. Therefore, to provide
proper grazing and to meet daily nutrient requirements for animals grazing and to avoid poor pasture
management, a mixture of all species studied or at
last, of the species in the Cluster A can be recommended indeed, Kemp et al. [33] reported that lambs
raised on ranges based on fodder species such as
#%(! "'+(&  "'# "# ' %# (!
$%'"& and %# (! %$"& had 70% higher
weight gain than those raised on ranges based on #
(! $%"". Minneé et al. [34] stated that #
%(! "'+(& and  "'# "# ' are suitable
species to include in the diet of cattle grazing temperate grass-based swards to maintain or improve
milk production. The other family species studied in

Principal components
PC1
PC2
-0.943
0.037
-0.941
0.100
0.333
 
 
-0.125
0.606
0.361
 
-0.036

-0.120

-0.116

ADF
NDF
DDM
DMI
CP
ME
RFV
RFQ
Initial eigenvalues
Total
5.966
1.009
Percent of variance explained
74.571
12.107
Percent of cumulative
74.571
86.678
Bold values represent strong (> 0.75) and positive factor loadings

$&$$ 
The results indicated that there are remarkable
variations in the FQI of perennial desirable range
species and the forage quality of the legume and the
other plant families was better than the grass species.
The quality of legumes was higher compared to
grasses, as reported by Arzani et al. [19] and Amiri
and Shariff [6]. This was obviously reflected in the
resulting quality grade of rangeland species based on
RFQ patterns. These variations among the FQI could
be associated with the inherent nature of the species
and may arise partly due to genotypic factors that
control accumulation of foliage nutrients [19, 20, 21]
in the rangeland species throughout growth period.
The fact that the FQI of grass species are lower compared to the species from legume and the other families could be associated with their high fibre and
hemicellulose contents, because most succulent species had a relatively high forage values. In the present study, the high CP content of the other family
species compared to most grasses is one of the main
distinctive characteristics of these species [22].
Ukanwoko and Ironkwe [23] reported that the fluctuations in the FQI of the other family species with
changing growth stage are less drastic than that of
grasses. Our findings are coherent with the results of
the previously studies [6, 9, 11, 19, 21, 22, 24-27].
The CP content of the studied perennial desirable plant species except for #%(!( #&(! was
above the required level of 7% CP for grazing animals [28]. Voluntary feed intake, the microbial activity and digestibility of roughages may be declined
by forages with the CP level less than 7.5% [29]. As
reported by Belete et al. [20], the studied forage species can be used without any need for extra capital to
purchase protein concentrate feeds. The low ADF
and NDF values as in the legume and the other families are a more flexible consumption and digestibility for livestock because ADF and NDF are used as
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the present study can be grazed during the various
growth stages to improve the nutritional status of animals. Thus, these species can make a large contribution to livestock nutrition when livestock almost

wholly depend on such species, as has been reported
previously [20, 33-35]. However, it should not be
forgotten that many forage species, found to be
highly nutritious by chemical analysis, proved to be
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worthless as animal forage, because they lacked palatability and may be one of the species which can be
absent in rangelands during the grazing period [35].
Indeed, all the other family species except for %*
(! #"  and %#" !( ' was not
found in each collection time and area.
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The nettle, which is widely regarded as a plant
that needs to be struggled with in the region where
hazelnut farming is done, wild and absolutely, is being disposed in various forms. One of the methods of
struggle is the method of pesticide (amount consumed in 2017 in the province of Giresun 35.000 liter). In this case, soil and water resources are being
polluted and new problems are emerging while
struggling with harmful weed. Rather, it is very important to put forward the possibility of industrial use
of this plant, to prevent harm to both harmful weed
and surrounding area, and to make additional income
for the farmer of the region.
In this study, 2.5%, 5%, 7.5%, and 10% fiber
volumetric fractions were employed in production of
the Polymethyl-methacrylate composites reinforced
with nettle fiber. The results indicated that bending
strength, bending module, fracture strength, and impact strength increased together with the increase in
the fiber content. Moreover, the effects of water absorption on the mechanical and physical properties
of nettle fiber reinforced Polymethyl-methacrylate
composites were examined. The increase in maximum water absorption and diffusion coefficient values was found to depend on the increase in fiber content. The bending strength, bending module, and
fracture strength decreased as a result of water absorption. Furthermore, the impact strength was
found to increase following the slight absorption of
water. The composite composition and microstructure assessments were performed by using FTIR and
SEM analyses.

the plant, it has long been used for folk medicine,
food, dye, fertilizer and cosmetic purposes [1, 2].
Stinging nettle was used as a fiber plant in Europe
during the First World War years. During the Second
World War, fiber production, which had been interrupted for various reasons, was reestablished towards the end of the century, and a large number of
high-budget researches were carried out in the field
[3-5].
Ever since the mid-1990s, nettle agriculture,
methods of treating nettle fiber, and the use of the
resulting fiber in the textile industry have been extensively investigated in Germany, Austria and Finland. Some researchers have stated that stinging nettles are a promising product for organic fiber production, with a great potential in the green (green) textile
industry [6, 7]. researchers have reported that nettles
have been used as fiber plant throughout history, and
that in recent years, commercial production has been
widespread for this purpose [8].
In recent years, the use of cellulose-based fibers
as reinforcement materials in the polymer matrixes
became gradually more popular in various engineering implementations [9-11]. Moreover, the cellulosic
fibers are environment-friendly, nontoxic, and renewable materials. For this reason, the production
industry started to use the herbal fibers instead of
non-recyclable reinforcement materials [12, 13].
Many researchers reported the advantages of
using these natural herbal fibers such as ketene, cannabis, jute, and sisal in polymeric composites [1418]. From this aspect, the characteristics of nettle fiber, which is one of the cellulosic fibers, have been
examined by the researchers.
Bajpai et al. [19] reported that the abrasion
strength of nettle fiber, sisal/Poly-lactic acid (PLA)
composites decreased by 70% compared to pure
PLA. In their study on nettle fiber/PP composites,
Paukszta et al. [20] reported 35% increase in the impact strength, 7% increase in elongation, and 50%
increase in tensile module. Investigating the effects
of various operational environments on the mechanical behaviors of composites, Kumar et al. [21] examined the effects of river water, diesel, freezing
weather conditions, solar light (UV), and soil on the
tensile behavior of polypropylene (PP) composites
reinforced with nettle fiber.

&$ !
Nettle Fiber, Mechanical Properties, PMMA, Water Absorption, Composite
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Perennial nettle (Urtica dioicaL.) Is a herbaceous plant native to Europe and Asia, growing in
rural areas, on forest shores, in gardens and on trees.
Due to the many bioactive components contained in
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The aim of this study is to show that the plant
considered as waste can be used by producing and
characterizing composite material from nettle fibers.
In addition to this, the aim of this study is proving
the usage of nettle as fiber, instead of destroying the
nettle with pesticides too.
In this study, as a function of fiber content, the
mechanical properties of nettle fiber reinforced
PMMA composites and the effects of water absorption on these properties were investigated. In this research, the effects of fiber content on the mechanical
properties were examined in order to determine the
bending strength, bending module, fracture toughness, and impact strength. Moreover, the composite
morphology, microstructure, and damage mechanisms were investigated via X-Ray Diffraction, Fourier Infrared Spectroscopy (FTIR), and scanning
electron microscope (SEM) methods, respectively.


" !"!

!'251+6+5'6'8/43The fibers were obtained
from the nettle (   ), which is a perennial
plant grown in Eastern Black Sea region. No chemical process was employed at before or after obtaining the fibers. The traditional method was used for
obtaining the fiber from the nettle and the manual
peeling method was used in order to protect the fibers from any mechanical damage while separating
from woody structure. During the fiber production,
the harvesting, drying, composting, manual peeling,
and hackling procedures were performed respectively [22].
The mechanical and chemical properties of nettle fibers were revealed in some researches. In their
study, Bodros and Baley reported the mechanical
properties of nettle fibers as follows [23].

and then mixed with PMMA matrix material prepared by adding 2% peroxide hardener material. Following the completion of reaction, the samples were
taken out from the mold and kept in an oven for 4
hours at 80˚C as the final cure.
The samples were processed into the standard
sizes on the automatic benches. Standard notches
(a/W=0.3) were made on the fracture toughness samples. The samples to be tested via 3 Point Bending
Test/Charpy method were poured into the molds in
accordance with the standards.

"
.=7/)'1'3*2+).'3/)'15645+68/+74,8.+3+881+
,/(+67

Here, I002 is the maximum point of the peak of
Crystal (002), while Iam is the minimum point of
amorphous material between peaks (101) and (002).
The amount of water absorption in composites
was calculated using the equation (2) below:

& 1 7 0 ) 8X100
(2)

Length(mm)
42-54
Thickness
11-43
Strength (MPa) 954-2234

"
+).'3/)'15645+68/+74,78'3*'6*
Elong. at break (%) 0,5-5
Hard.–Rockwell (M)
93
Imp. strength (kJ/m2) 11

Poiss. ratio
0,35-0,40
Elas. Mod.(MPa)
3300
Ten. stren.(MPa)
60-70



.'6')8+6/>'8/43 4, 8.+ )42547/8+7The diameters of fibers were determined by using an optic
microscope (OLYMPUS BX 53) device. Minimum
50 samples were fine-heckled and it was determined
that the fibers were circular in shape and their diameters ranged between 30 and 80µm. The FTIR analyses of the composites were performed at scanning
range of 4000-650 cm-1 at room temperature by using
Perkin Elmer Spectrum 1400 spectrometer. The test
was performed at 2 cm-1 resolution with 10 repetitive
scanning. The scanning electron microscope images
were taken by using JSM-5910 after the gold-plating
procedure. The SEM analysis was performed by examining the fractured surfaces of nettle fiber/PMMA
composites in detail.
The crystallinity index (CrI) of nettle fiber was
determined by using the Segal empirical method
[26]. This method enables the rapid and simply calculation of crystallinity index via the equation below.


(1)
CrI = ))+ ./ X100
))+

Young Mod. (GPa)
59-109
Elongation at Br. (%) 1,5-6
1,5
Density (gr/cm3)

)

The matrix material used in nettle fiber/PMMA
composites was purchased from Otto Bock’s (Germany) distributor in Turkey. In order to harden the
PMMA material, a peroxide-based chemical material was procured from the same company. Some of
the mechanical properties of standard PMMA are
presented in Table 2 [24-25].
Polymethyl-methacrylate composites reinforced 2.5%, 5%, 7.5%, and 10% nettle fiber were
prepared by employing free casting method and in
order to prepare the experimental samples from nettle fiber/PMMA composites, the casting molds were
prepared by using Polytetrafluoroethylene (PTFE)
material. The nettle fibers were cut into 5mm length,

Here, Wt is the weight of sample at moment “t”
and W0 is the initial weight.
The water absorption behavior of samples can
be considered Fickian. For this reason, the formula
below was used for shorter sinking durations [27]:
0
-

1  4

0

(# +

(3)

Water absorption of polymers reinforced with
natural fiber is generally Fickian in behavior. In this
study, the formula below was used in calculating the
coefficients n and k [28].
$0
1 %
(4)
$-
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sample recorded by LVDT, (mm) is the sample’s
width, (mm) is the crack length, and (a/w) is the
polynomial geometrical correction factor:
!
7 8 1

Here, Mt is the water content at t moment, M∞
is the balance water content, and k and n are the coefficients.

.=7/)'1 '3* +).'3/)'1 +'796+2+387
Water absorption test was performed by sinking the
samples, which were 10x10x3.2 (mm) in size, into
the water bath. Minimum 5 samples were used in
each formulation and the increase in weight was determined by measuring periodically for 220 days. All
of the samples were dried by using a fabric in order
to remove the excess water from the surface, and
then they were weighed by using a digital balance
(Precisa XB 220 A). The rectangular sticks processed into 60x12x6 (mm) size were tested bending
resistance (σF), bending module (Ef), and fracture
toughness (KIC) in 3-Point Bending Test with 40mm
of distance between the bearings. In order to measure
the gap at the tip of crack, the clip gauge (SHIMADZU P701805) was used. The samples with 0.4
a/W ratio were used for KIC measurement, while
sharp razor blades were used for creating the sharp
tip of crack. The bending test was performed by using a universal testing device (SHIMADZU EHFLV020K2-0) at 1.0 mm/min speed (Figure 2). In order to examine the breaking energy, the non-notched
rectangular stick samples were tested using Zwick
B5113 Charpy test device with 2.0J pendulum hammer and 40mm distance between the bearings, and
the impact strength was calculated in kJ/m2.
σF, Ef, and KIC values were calculated using the
formula below [29]:

(5)
σF1 +
Ef =

,

 "
$

KIC1 





 7 8

Here, (N)is the load at the moment of breakage, (mm) is the distance between the bearings, 
(mm) is the sample thickness, e is the deflection in









(8)

!#"!!#!!

"  3'1=7/7 In Fig. 1, the peak at
1057cm-1 arises due to the C-H vibration at aromatic
ring and C–O vibration in primary alcohols. The
peak at 1420cm-1 originates from the symmetrical
bending of CH2. The absorption band between 1650
and 1632cm-1 originates from the vibration of water
molecules absorbed in non-crystal regions of the cellulose. The peak at 2928 cm-1 might be related to the
stretching vibration of methyl and methylene groups.
The peak seen at 3343cm-1 suggests the presence of
O–H groups. This peak is thought to originate from
the alcohol or phenol groups or moisture that the nettle contains. The presence of nettle fiber within the
composite can be confirmed by FTIR. As well as the
presence of nettle fiber creates some different peaks
depending on the chemical composition, small shifts
can be observed in some peaks of PMMA. And this
indicates the weak interaction between two materials.

% '= /,,6')8/43 3'1=7/74, +881+ /(+6.
The XRD pattern of typical crystal cage of cellulose
within the nettle fiber is presented in Figure 2. The
crystallinity of nettle fiber was found to be 71.0 %.
In previous studies, the same method was utilized for
measuring the crystallinity indices of various cellulose types such as sisal, ketene, cannabis, and kenaf
[30, 31].
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Sample
PMMA
Nettle Fiber
Nettle Fiber
Nettle Fiber
Nettle Fiber

Dx10-13
2.02
2.91
3.34
3.69
4.25

Con. (%V)
0
2.5
5
7.5
10

n
0.250
0.298
0.373
0.429
0.529

k(x10-2)
12.82
9.48
5.03
3.15
1.39




".+,,+)874,/(+6438+3843$'8+6(
74658/43 +.':/46 For all of the samples, the increases might be seen in water absorption depending
on the increase in sinking duration. The absorption
is very fast and linear at the beginning, and then it
slows down and reaches at the saturation level [32].
The water absorption was revealed to increase together with the fiber content (Fig.3). This result is
thought to because of the hydrophilic nature of cellulosic fibers. Besides that, the cellulosic fibers allow higher level of water absorption thanks to the
gaps at the center. Thus, as the fiber content of composites increases, then the increasing interface area
also increases the water absorption. In their study on
cotton fabric-reinforced geopolymer composites ,
Alomayri reported that the increase in fiber content
also increased the water absorption due to the cellulosic content [33].
Maximum water absorption and diffusion coefficient values of nettle fiber/PMMA composites are
presented in Table 3. It can be seen that the increase
in level of cellulosic fiber also increased the water
diffusion rate. As the fiber content increased by 0 –
10 %, the diffusion coefficient also increased. Besides that, at 10 % fiber reinforcement level, the diffusion coefficient increased by 115% when compared to the pure epoxy.

".+,,+)874,/(+6438+3843+).'3/)'1
645+68/+7".++,,+)843(+3*/3-786+77?*+,46
2'8/43(+.':/46The low level of water absorption

strength of fibers might have undesired effects on the
dimensional stability and mechanical properties of
composites [34-36]. In the present study, the positive
and negative effects of water absorption behaviors of
nettle fiber/PMMA composite materials on the mechanical properties will be revealed.

".++,,+)843(+3*/3-786+3-8.The effects of
fiber content on the bending strength of dry nettle fiber/PMMA composites are presented in Figure 4
(dark bars). Under dry conditions, the bending
strength was found to increase as the fiber content
increased. The increases in bending strength of composites containing 2.5%, 5%, 7.5%, and 10% nettle
fiber in proportion to pure PMMA were found to be
-2%, 20%, 50%, and 75%, respectively [37]. A slight
decrease was observed in composites containing
2.5% fiber reinforcement, but increases were observed in bending strength as the percentage of reinforcement increased. This increase in bending
strength of nettle fiber/PMMA might be explained
with the strength of cellulosic fibers against the
bending force [35]. The low level of bending
strength depending on the low level of nettle fiber
content is correlated with the lower level of loads
transferred to fibers by the matrix, and this is interpreted with the low level of load borne by the fibers
[38]. As a result of increasing binding in fiber-matrix
interface, higher level of stress on fibers increases
the bending strength of nettle fiber/PMMA composites. As in this study, the previous researches 
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indicated that the increase in volumetric fraction increased the bending strength and bending module
[37].
The effects of water absorption of nettle fiber/PMMA composites on the bending strength are
presented in Figure 4 (light bars). It can be seen that,
in all samples, the bending strength decreased as the
water absorption increased. In comparison to the dry
samples, the decrease in bending strength of composites reinforced with 0, 2.5%, 5%, 7.5%, and 10%
nettle fiber were calculated to be 16%, 20%, 23%,
26%, and 30%. The increase in fiber content causes
an increase in water absorption, and this suggests
that the bending strength gradually decreases under
wet conditions. The decrease in bending strength of
wet composites originates from the weakening binding in fiber-matrix interface. Thus, the lower level of
stress is conveyed from matrix to fiber. Similar results were reported by Dhakal et al. and Athijayamani et al. [36].

".+ +,,+)87 4, 24/7896+ 43 ,6')896+ 849-.
3+77The effects of cellulosic fiber content in fracture strength of dry nettle fiber/PMMA composite
are shown in Figure 5 (dark bars). It can be seen that
the reinforcement with nettle fiber increases the fracture strength of nettle fiber/PMMA composites,
when compared to pure PMMA. Through various
energy absorber events such as delinking king, fiber
bridging, and pullout, the cellulosic fibers play important role in increasing the fracture toughness of
polymer matrix. The increases observed in composites reinforced with nettle fiber were calculated to
be -2%, 60%, 86%, and 106%, respectively. While
the lower level of fiber content caused a decrease,
increasing levels of fiber content led to significant



increases in fracture toughness. This significant increase in fracture toughness through the pullout, delinking, and fiber bridging mechanisms depending
on the high level of nettle fiber content can be seen
in SEM images. Hughes et al. reported that the fracture toughness of polyester composites reinforced
with cannabis and jute fiber increased depending on
the volumetric fraction of fiber [38]. 
The effects of water absorption on the fracture
strength of PMMA composites reinforced with nettle
fiber are presented in Figure5 (light bars). In general,
there is a decrease in fracture strength due to the water absorption. Besides that, as the fiber content increases, also the fracture strength slightly increases.
The composites having higher levels of fiber content
showed higher level of fracture strength by increasing the crack resistance through delinking, fiber
bridging, and pullout under dry and moist conditions.

25')8786+3-8.The effect of fiber volumetric fraction of wet and dry nettle fiber/PMMA composites on the impact strength is presented in Figure
6. For both of dry and wet composites, it can be
stated that the increase in nettle fiber content significantly increases the impact strength. The presence
of nettle fiber in PMMA matrix under dry and wet
conditions improves the composites’ ability to absorb the impact energy. But, when compared to the
pure matrix, 40% increase in impact strength under
dry conditions increased to 143% after water absorption. The main reason for this increase might be attributed to the excessive decrease in impact resistance of pure PMMA and composites having low
fiber content. As it can be seen in diagram, the dry
and wet impact resistance values were found to be
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low, while the increase in fiber content declined this
decrease and the decrease in impact strength was
found to be 132%, 112%, 60%, and 35% for 0%,
2.5%, 5%, 7.5%, and 10% reinforcement levels, respectively. These results are in harmony with those
of studies carried out on cellulosic materials. In one
of them, Bledzki and Faruk [39] reported a decrease
in impact strength of wood fiber/PP composites.

465.414-/+7 4, 8.+ )42547/8+7 The SEM
micrographs of fracture surfaces of pure PMMA and
PMMA composites are presented in Figs. 7a-f.
Given the fracture traces on the surfaces in Figures
7a and 7b, it can be clearly seen that pure PMMA
had more plastic deformation than moist PMMA
had. This means that the fracture is more brittle in
character. The abovementioned reasons micro
graphically confirm the decrease in mechanical
properties of PMMA that has absorbed water. SEM
micrographs of PMMA composite samples reinforced with 5% nettle fiber are presented in Figures
7c-d, respectively. In analysis of fracture surface of
nettle fiber/PMMA composites of 3-Point Bending
Test, it was revealed that the damage mode is divided
into bending and shift damage modes. Shift damage
is characterized with the decrease observed in dislocation speed following the rapid decrease after the
peak of curve and the shift bands (Figure 7e). Given
the micrographs of dry and wet samples, the change
in fracture surfaces can be easily seen. As a result of
this change, the decreases were observed in mechanical properties. In parallel with the increase in reinforcement amount within the dry composite, it was
revealed in tests that the mechanical properties increased. In wet composites, the increase in fiber content caused slow-down in degradation of mechanical
properties.


This study revealed that PMMA can be reinforced with nettle fibers to develop an environmentally sensitive composite with better mechanical
properties. However, substitution of synthetic fibers
for nettle fibers will allow the escape of environmental stress caused by petroleum-derived fibers in some
areas (construction, sports, transport).
Compared to pure matrix, the mechanical properties (bending strength, flexural modulus, fracture
toughness and impact resistance) of nettle fibers /
PMMA composites increased due to the increase in
fiber content.
In the case of PMMA composites reinforced
with nettle fibers, water absorption properties and
mechanical properties are negatively affected in parallel with the increase in fiber content. Depending on
the exposure of the composites to water, the adhesion deformation at the fiber matrix interfaces causes
a reduction in flexural strength, flexural modulus,
fracture toughness and impact strength.
Nettle fiber reinforced composites can be converted into green products that can be easily used in
dry environments. As a result of further studies on
water absorption and improvement of these properties, the use properties of these composites in moist
environments can be improved.
As a result, green composite can be produced
with fiber obtained from stinging nettle which is
tried to be destroyed by pesticides in the Black Sea
region, pollution of soil and water resources can be
prevented. Supporting such work will also mean that
environmental sensitivities are also supported, as the
use of the plant in fiber production will lift the twosided environmental pressures altogether.
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(methoxychlor, dicofol, chlorobenzylate) [3]. PCBs
are produced by chlorinating aromatics (12-68%),
and some are commercially known as Araclor, Phenoclor and Clophen. There are 209 PCBs, among
which 12 are dioxin-like PCBs (dl-PCBs) (PCB-77,
-81, -105, -114, -118, -123, -126, -156, -157, -167, 169, -189) [4]. Six PCBs (PCB-28, -52, -101, -138, 153, -180) have been selected as indicator PCBs (inPCBs) for residue monitoring in the environment
and in foods [5].
In mammals, OCPs disrupt the hormonal system to the extent that some generate estrogenic and
anti-androgenic effects. Exposure may cause birth
anomalies, lead to insulin resistance and obesity by
disturbing glucose metabolism, and cause chronic
kidney disorders and the degeneration of nerves [6].
PCBs cause decreases in serum thyroid hormone levels, estrogenic and anti-estrogenic effects, androgenic and anti-androgenic effects, decreases vitamin
A levels in the liver, necrosis, fattening and hypertrophy of the liver, disruptions of the immune system, inhibition of the synthesis of neuromediators
like dopamine, and interruptions of brain functions
such as learning and memory [7]. The World Health
Organization’s (WHO) International Agency for Research on Cancer (IARC) has classified DDT, HCB
and HCH as group 2B, possible carcinogenic substances for humans and PCBs as 2A, probable carcinogenic substances [8].
Ninety five percent (95%) of POPs, which are
fat soluble, are ingested by people in fatty foods [9].
The entry of OCs into milk producing animals occurs
predominantly through the consumption of forage
and pasture, drinking water, and fodder contaminated with soil during grazing, and intake via the
breathing of contaminated air is the least source [10].
Following rapid absorption via the digestive system,
they accumulate in the liver and fat tissue. Moreover,
OCs also enter milk fat, by which elimination from
the body of female mammals largely occurs [11].
In this study, the principal aim was to investigate the residue levels of 9 OCP and 16 PCB compounds in butter samples collected from Gaziantep
Province, where the industry is concentrated, and
Sanliurfa and Mardin Provinces, where agriculture

In this study, butter samples from Gaziantep,
Mardin and Sanliurfa provinces in Turkey were investigated for residues of nine organochlorine pesticides (OCPs), and 16 polychlorinated biphenyls
(PCBs). The mean ∑HCHs values of the samples
from Gaziantep, Sanliurfa and Mardin were 4.25,
11.16 and 9.37 ng g-1, respectively. The mean ∑DDT
values from Gaziantep, Sanliurfa and Mardin 18.96,
64.03 and 161.89 ng g-1, respectively. The mean
ΣOCPs levels from Gaziantep, Sanliurfa and Mardin
were 21.32, 76.22 and 172.17 ng g-1, respectively.
The mean indicator PCBs (Σin-PCBs) values from
Gaziantep, Sanliurfa and Mardin were 100.27, 39.31
and 58.83 ng g-1, respectively. The mean ΣPCBs values from Gaziantep, Sanliurfa and Mardin were
102.95, 43.80 and 113.57 ng g-1. The mean ΣOCs
levels from Gaziantep, Sanliurfa and Mardin were
124.27, 120.02 and 280.06 ng g-1, respectively. Despite the prohibition of their production and use, OCs
residues are still detected in food and environmental
samples in the region studied.



%$ !
Organochlorine pesticides, polychlorinated biphenyls,
butter, residue, Turkey
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Some environmental pollutants, such as persistent organic pollutants (POPs), remain in the environment for a long time, accumulate in the food
chain and cause highly undesirable effects on human
health and the environment. POPs include polybrominated diphenyl ethers (PBDE), organochlorine
pesticides (OCPs) and polychlorinated biphenyl
(PCB) compounds [1]. The hazard of organochlorine
compounds (OCs) is attributable to their chemical
and biological stability and highly lipophilic properties [2]. OCPs are mainly allocated to three groups,
namely HCH isomers such as γ-HCH (lindane); cyclodienes (dieldrin, aldrin, endrin, heptachlor,
chordane); and DDT and its metabolites
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acetone and 5 of mL methanol (Merck, Germany)
through on two occasions at the rate of 1 drop/sec.
Following the conditioning, samples were transferred to the C18 cartridge. After a 3 min wait for
interaction, the samples were then passed through at
the rate of 1 drop/sec and collected in a glass tube.
Without letting the C18 cartridge dry, 10 mL of ACN
was passed through the cartridge at the rate of 1
drop/sec and then added to the sample mixture. After
that procedure, 100 µL of dodecane (Merck, Germany) was added to the obtained solution and completely evaporated under nitrogen vapor at 35 °C.
The sediment was then re-dissolved in 2 mL of nhexane. Secondly, a florisil cartridge (Merck, Germany) was used. It was preconditioned by passing
through 10 mL of n-hexane at the rate of 1 drop/sec.
The sample mixtures were then loaded into the florisil cartridge, let stand for 3 min for interaction,
passed through at the rate of 1 drop/sec, and collected in a glass tube. Without letting the cartridge
dry, 10 mL of PE / dietylether (DE) (98:2) (Merck,
Germany) solution was passed through at the rate of
1drop/sec and added to the sample mixture. After
that procedure, 12 mL of PE / DE (85:15) solution
was passed through the florisil cartridge at the rate
of 1 drop / 3 sec and added to the other eluate. Then,
100 µL of dodecane (Merck, Germany) was added to
the obtained solution and completely evaporated under nitrogen vapor at 35 °C. Samples were then dissolved in 1 mL of n-hexane, and 1 µL was then injected into a gas chromatography equipped with an
electron capture detector (GC-ECD) (Schimadzu GC
17A, Japan).

and livestock production increased with the coming
of the south-eastern Anatolia Project. Furthermore,
the additional aim was to do risk analyses in terms of
environment and public health by comparing the obtained data with the official residue limits.


" !"!

!&140*(300*(7.32A total of 60 unmarked butter samples (50 g each), i.e., 20 from each province,
were collected from different open-air markets in
Gaziantep, Sanliurfa and Mardin, located in the
south-eastern Anatolia Region of Turkey, between
August and September 2015 (Figure 1). Butter samples were refrigerated at -80 °C until analyzed.
;75&(7.32 &2) (0*&284 453(*)85* The extraction of the OCs from the samples was performed
according to the method stated by Bordet et al.
(2001) [12]. Firstly, for the cryogenic extraction of
the OCs, 0.5 g of each butter sample was transferred
to a separate 10 mL glass tube and 3 mL acetonitrile
(ACN) / dichloromethane (DCM) (75:25) (Merck,
Germany) mixture was added. The mixture was vortexed (Velp Scientifica, Spain) for 5 min and centrifuged (Nuve, Turkey) for 30 min at 1630 g and -9°C.
After that, the upper phase was transferred to another
tube, and the lower fat phase was melted at 35°C in
a water bath (Nuve, Turkey), and the previous steps
were repeated. The upper phase was then blended
with the former phase and reduced to 2 mL under
nitrogen (VLM, Germany).
For the cleanup, firstly, a C18 extraction cartridge was used (Phenomenex, USA). Initially, the
C18 extraction cartridge was preconditioned by
passing 5 mL of petroleum ether (PE), 5 mL of

-531&73,5&4-.(&2&0<6.6The method used
by Aksoy et al. (2011) was utilized for the analyses
of the samples with the GC-ECD [13]. The injection
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by the device’s software (Shimadzu, Japan), using
the standard chromatograms. For this reason, signal
to noise (S/N) ratios were determined for each compound and the correction factors used were “3” for
LODs and “10” for LOQs. Retention times, LOD
and LOQ values, and recovery percentages of the
OCPs and PCBs are given in Table 1.

block temperature was 260 °C and the injection
mode was set as splitless. The flow rate of the nitrogen used as the carrier gas was set at 1.5 mL/min.
The column (Teknokroma, Spain) was 60 m x 0.32
mm i.d. x 0.25 µm (phenyl methyl silicone) and the
initial temperature of the column oven was 100 °C.
After 3 min at 100 °C, the temperature was elevated
to 200 °C with a 10 °C/min ramp rate, maintained for
3 min, elevated to 225 °C with a 3 °C/min ramp rate,
maintained for 3 min, elevated to 270 °C with a 2
°C/min ramp rate, maintained for 3 min, elevated to
275 °C with a 1 °C/min ramp rate, and maintained at
this final temperature for 10 min. The ECD temperature was set at 280 °C. Total analysis time was
67.83 minutes.

!7&7.67.(&0&2&0<6.6All the data analyses were
performed with SPSS 24.0 for Windows software
(SPSS Inc., NY, USA). The data was statistically analyzed by using the Levene test and Shapiro-Wilk
test for equality of variance and normality assumption, respectively (p>0.05). Then, the data was analyzed using the One-Way ANOVA and the Tukey
HSD multiple comparison tests to determine any further differences among the groups. Results are presented as the mean with standard deviation. Values
of p<0.05 were considered significant for all tests.


!#"!

Retention times, LOD and LOQ values, and recovery percentages of the OCP and PCB compounds, are given in Table 1, and standard chromatograms of the compounds are shown in Figure 2.
Residue levels of the OCP and PCB compounds in
the butter samples from Gaziantep, Sanliurfa and
Mardin Provinces are given in Table 2 and the statistical comparison of the total OC levels among the
provinces are in Table 3.

314&5.632:.7-7-*67&2)&5)6Nine OCPs
(α-HCH, β-HCH, γ-HCH (lindane), HCB, aldrin,
DDT and its metabolites (2,4’-DDE, 4,4’-DDE, 2,4’DDT, 4,4’-DDT) and 16 PCBs (PCB-28, -52, -70, 74, -81, -99, -101, -118, -128, -138, -153, -156, -170,
-180, -187 and -208) standards (Dr. Ehrenstorfer,
Germany) were prepared at 7, 10, 30, 70, 100 and
300 ng g-1 and then injected into the GC-ECD device.
The retention time of each compound was determined, calibration curves were drawn, and from
these curves, the OC level calculation equations and
correlation coefficients (r2) between 0.99 and
0.9999, were determined. In order to determine the
recovery percentages, the OCPs were added to butter
at 25 ng g-1 and the PCBs were added at 40 ng g-1,
with the same extraction procedure replicated three
times. Limits of detection (LODs) and limits of
quantification (LOQs) were calculated automatically

" 
*7*27.327.1*65*(39*5<4*5(*27&,*6>!6&2)63+6&2)6
Compound
α-HCH
β-HCH
HCB
γ-HCH
PCB 28
PCB 52
Aldrin
PCB-74
PCB-70
2,4’-DDE
PCB-101
PCB-99
PCB-81
4,4’-DDE
PCB-118
2,4’-DDT
PCB-153
4,4’-DDT
PCB-138
PCB-187
PCB-128
PCB-156
PCB-180
PCB-170
PCB-208

RT (min)
18.939
19.530
19.663
20.237
23.055
24.762
26.109
28.078
28.266
29.902
30.171
30.520
31.860
32.038
34.549
35.414
36.409
37.915
38.356
39.948
40.326
42.427
44.026
46.214
50.265

LODs (ng g-1)
0.22
0.58
0.20
0.26
1.04
1.21
0.22
1.31
1.11
0.65
0.78
0.95
1.91
0.54
1.48
0.81
1.24
0.34
1.13
0.94
0.99
1.05
0.91
0.88
0.66

LOQs (ng g-1)
0.72
1.95
0.67
0.86
3.47
4.03
0.75
4.38
3.71
2.15
2.59
3.17
6.37
1.81
4.92
2.69
4.15
1.14
3.78
3.12
3.31
3.50
3.05
2.93
2.20
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Recoveries (%)
67
94
45
88
58
113
49
76
51
72
70
50
56
70
68
71
54
92
58
63
64
62
52
50
38

RSD (%)
6
12.8
4.4
4.5
3.4
22.1
4.1
2.6
7.8
8.3
4.3
8
3.6
15.7
1.5
12.7
3.7
15.2
1.7
4.8
1.6
3.2
1.9
8
10.5
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Compound
α-HCH
β-HCH
γ-HCH
Aldrin
2,4’-DDE
4,4’-DDE
2,4’-DDT
4,4’-DDT
PCB-28
PCB-52
PCB-81
PCB-118
PCB-153
PCB-138
PCB-187
PCB-128
PCB-180
ΣHCHs
ΣDDTs
ΣOCPs
Σin-PCBs
ΣPCBs
ΣOCs

PS
1
5
19
0
0
17
0
11
0
20
0
0
0
0
3
6
0
20
18
20
20
20
20

Compound
α-HCH
β-HCH
γ-HCH
Aldrin
2,4’-DDE
4,4’-DDE
2,4’-DDT
4,4’-DDT
PCB-28
PCB-52
PCB-81
PCB-118
PCB-153
PCB-138
PCB-187
PCB-128
PCB-180
ΣHCHs
ΣDDTs
ΣOCPs
Σin-PCBs
ΣPCBs
ΣOCs

Gaziantep (n=20)
Mean ± SEM
Min
Max
5.76
1.74 ± 0.37
0.65
2.51
3.72 ± 0.23
2.39
6.14
16.94 ± 1.25
7.74
27.73
4.85 ± 0.10
4.34
5.29
100.27 ± 13.26
26.24
257.63
5.27 ± 1.59
3.36
8.43
6.30 ± 0.24
5.47
7.11
4.25 ± 0.32
2.39
7.22
18.96 ± 1.76
5.07
32.10
21.32 ± 2.10
2.39
35.13
100.27 ± 13.26
26.24
257.63
102.95 ± 13.26
26.24
257.63
124.27 ± 14.64
30.23
291.84
PS
0
19
19
2
14
19
0
17
0
19
3
2
2
0
5
11
2
19
19
19
19
19
19

Median
1.95
3.33
16.73
4.98
87.79
4.02
6.23
3.99
18.92
22.54
87.79
92.21
114.37

Mean ± SEM
6.42 ± 0.78
4.74 ± 0.30
9.79 ± 0.77
6.06 ± 0.33
52.35 ± 36.01
8.06 ± 2.02
38.78 ± 6.80
2.75 ± 0.34
4.04 ± 1.36
1.85 ± 0.38
3.43 ± 0.62
4.71 ± 0.65
3.22 ± 0.83
11.16 ± 0.88
64.03 ± 38.12
76.22 ± 38.58
39.31 ± 6.93
43.80 ± 7.34
120.02 ± 38.32

Many studies in which POPs have been used as
the residue indicators in butter samples have been
conducted on safe food provision and environmental
health in Turkey and worldwide [5, 14-22].
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PS
Mean ± SEM
10
5.18 ± 0.38
14
3.91 ± 1.12
19
3.76 ± 0.27
3
9.20 ± 0.38
6
5.65 ± 0.21
19
156.25 ± 51.29
2
1.39 ± 0.56
20
11.62 ± 2.42
1
4.04
18
56.45 ± 11.23
0
8
132.04 ± 49.90
0
14
2.38 ± 0.26
3
5.55 ± 1.67
6
4.31 ± 0.29
1
5.43
19
9.37 ± 1.09
20
161.89 ± 51.94
20
172.17 ± 52.35
18
58.83 ± 11.41
19
113.57 ± 24.47
20
280.06 ± 61.13
Sanliurfa (n=20)
Min
2.53
2.12
9.03
4.99
12.88
4.41
7.58
2.07
2.68
1.47
1.83
2.51
2.38
5.99
18.54
29.54
7.58
7.58
39.44

Mardin (n=20)
Min
3.72
0.85
1.64
8.53
4.94
9.84
0.83
4.52
17.00
2.17
1.19
2.21
3.13
4.18
4.52
4.52
19.74
5.15
4.52
Max
16.07
6.65
10.56
9.47
700.40
40.12
94.59
3.15
5.39
2.23
5.29
8.33
4.05
22.52
749.99
770.34
96.82
104.59
795.07

Max
7.67
16.89
5.33
9.86
6.43
619.07
1.95
35.40
195.21
303.41
4.61
7.35
5.07
25.12
660.40
675.93
199.33
341.53
882.36

Median
5.12
2.77
4.18
9.20
5.62
26.04
1.39
6.51
36.36
97.57
2.14
7.10
4.40
9.71
29.60
43.80
38.17
67.41
128.10
Median
5.34
5.00
9.79
5.69
15.96
6.23
24.48
3.04
4.04
1.85
3.03
4.63
3.22
10.20
26.36
38.00
24.48
26.31
83.12

this study, the most common HCH isomer was γHCH (Table 2). Due to the agricultural activities in
Sanliurfa, HCH was widely used as an insecticide in
the past, which is thought to have led to the high
HCH levels detected. The α-HCH levels (Table 2)
observed in the samples from Gaziantep (5.76
ng g-1) and Mardin (5.18 ng g-1) were above the legal
maximum residue level (MRL) (4 ng g-1) stated in
the Turkish Food Codex (TFC) for milk fat [24].
Moreover, samples from Mardin (3.91 ng g-1) and
Sanliurfa (4.74 ng g-1) showed β-HCH levels above
the legal MRL (3 ng g-1) stated in the TFC, while
samples from Gaziantep (1.74 ng g-1) showed lower
levels than the legal MRL (Table 2). Mean γ-HCH
levels in the samples from Sanliurfa (4.74 ng g-1),
Mardin (3.76 ng g-1) and Gaziantep (3.72 ng g-1)

In Table 3, the mean ∑HCHs value of the Gaziantep samples (4.25 ng g-1) was significantly lower
than that of the Mardin (9.37 ng g-1) and Sanliurfa
samples (11.16 ng g-1) (p<0.05), but there was no
significant difference between the Mardin and Sanliurfa samples (p≥0.05).
There are five stable HCH isomers, namely, αHCH, β-HCH, γ-HCH, δ-HCH, and ε-HCH [23]. In
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(Table 2) were above the MRL (1 ng g-1) stated for
milk fat in the TFC, and for milk and dairy products
in the Codex Alimentarius [24, 25].
In this study, mean aldrin levels in the samples
from Mardin and Sanliurfa were 9.20 and 9.79
ng g-1, respectively, while none was found in the
samples from Gaziantep (Table 2). These residue
levels in the samples from Mardin and Sanliurfa
were above the MRL (6 ng g-1) stated in the TFC [24]
for milk fat, and in the Codex Alimentarius [26] for
milk fat and dairy products, which suggests that aldrin was a widely used insecticide in Mardin and
Sanliurfa, where grains, especially barley, are widely
produced.
In Table 2, there is a statistically significant difference between provinces for the mean ∑DDT
(p<0.05). The lowest mean ∑DDTs value was determined in the samples from Gaziantep (18.96 ng g-1)
and the highest mean ∑DDTs value was for the samples from Mardin (161.89 ng g-1). Values obtained

from Mardin and Sanliurfa were above the MRL
stated in the TFC [24] for milk fat (40 ng g-1) and in
the Codex Alimentarius [27] for milk fat and dairy
products (20 ng g-1). The mean ∑OCPs level in samples from Mardin (172.17 ng g-1) was significantly
higher than for the samples from Gaziantep (21.32
ng g-1) (p<0.05), but the value obtained for the Sanliurfa samples (76.22 ng g-1), although being higher,
was not statistically different (p≥0.05) (Table 3).
In this study, the mean Σin-PCBs value was significantly higher in the samples from Gaziantep than
for those from Mardin and Sanliurfa (p<0.05). Although residue levels in the samples from Mardin
were higher than those from Sanliurfa, the difference
was not significant (p≥0.05) (Table 3). The mean ΣiPCBs levels being higher in Gaziantep than in other
two provinces are probably linked to the historic
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(1: α-HCH, 2: β-HCH, 3: HCB, 4: γ-HCH, 5: PCB 28, 6: PCB 52, 7: Aldrin, 8: PCB-74, 9: PCB-70, 10: 2,4’-DDE, 11: PCB-101,
12
: PCB-99, 13: PCB-81, 14: 4,4’-DDE, 15: PCB-118, 16: 2,4’-DDT, 17: PCB-153, 18: 4,4’-DDT, 19: PCB-138, 20: PCB-187, 21:
PCB-128, 22: PCB-156, 23: PCB-180, 24: PCB-170, 25: PCB-208)
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Gaziantep (n=20)
Mardin (n=20)
PS
Mean ± SEM
PS
Mean ± SEM
PS
19
9.37 ± 1.09b
19
20
4.25 ± 0.32a
ΣHCHs
20
161.89 ± 51.94b
19
18
18.96 ± 1.76a
ΣDDTs
20
172.17 ± 52.35b
19
20
21.32 ± 2.10a
ΣOCPs
18
58.83 ± 11.41b
19
20
100.27 ± 13.26a
Σin-PCBs
19
113.57 ± 24.47a
19
20
102.95 ± 13.26a
ΣPCBs
20
280.06 ± 61.13b
19
20
124.27 ± 14.64a
ΣOCs
PS: Positive samples
Σin-PCBs: Sum of PCB-28, PCB-52, PCB-101, PCB-138, PCB-153, PCB-180
ΣDDTs:Sum of 2,4-DDE, 4,4-DDE, 2,4-DDT and 4,4-DDT
ΣHCHs: Sum of α-HCH, β-HCH and γ-HCH
a, b
Means in the same row followed by a different letter are significantly different (p<0.05)
Compound
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Sanliurfa (n=20)
Mean ± SEM
11.16 ± 0.88b
64.03 ± 38.12ab
76.22 ± 38.58ab
39.31 ± 6.93b
43.80 ± 7.34b
120.02 ± 38.32a
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intensity of industrial activity. The mean Σin-PCBs
levels detected in the samples from Gaziantep
(100.27 ng g-1) and Mardin (58.83 ng g-1) were
higher than the permitted MRL (40 ng g-1) stated in
the TFC [28], and very slightly lower in the samples
from Sanliurfa (39.31 ng g-1). Therefore, the butter
in Sanliurfa is deemed safe for consumption but the
butter available in Gaziantep and Mardin may present risks for human health.
In this study, among the dl-PCBs, PCB-81, 118 and -156 residues were investigated, with no
PCB-156 residues detected (Table 2). In three samples from Sanliurfa, a mean of 0.28 (0.21-0.32) pg g1
toxic equivalents (TEQ) of PCB-81 residues was
found, and in two samples, there was a mean of 0.12
(0.08-0.16) pg g-1 TEQ of PCB-118 residues. The
observed dl-PCB values were below the MRL (5.5
pg g-1) stated in the TFC [28]. Of the Mardin samples, eight showed a mean of 3.96 (0.07-9.10) pg g-1
TEQ for PCB-118 residues. The mean dl-PCB level
was below the MRL, while the highest value was
above the limit.
Kuba et al. (2015) [29] investigated the presence of DDT and its metabolites in milk samples
from industrial and agricultural regions in Poland.
The mean ∑DDTs level in the samples from industrial regions was 131 ng g-1, while it was approximately three fold higher, 336 ng g-1, in agricultural
regions. Table 3 shows that in Gaziantep, which is a
predominantly industrial province, the mean ∑DDTs
level was significantly lower in Mardin (p<0.05),
where intensive agricultural activities occur, but not
significantly lower than in Sanliurfa (p≥0.05).
Therefore, results of the present study approximate
the results of Kuba et al. (2015) [29].
The half-life of DDT ranges between 3 and 15
years in soil. DDE, a DDT derivative, is more persistent. A high ratio of DDE/DDT indicates that soil
has been contaminated for a long time and a low ratio
indicates more recent DDT usage [30]. In the present
study, the DDE (2,4’-DDE+4,4’-DDE) / DDT (2,4DDT+4,4-DDT) ratios were 13.56, 12.46 and 9.10 in
the samples from Gaziantep, Mardin and Sanliurfa,
respectively. According to these ratios, the first DDT
usage may have occurred in the same chronological
order.
In a study conducted in Mersin and Adana, two
of the Mediterranean region provinces of Turkey that
are located in the Cukurova agricultural region, one
of the OCPs, 4,4’-DDE was detected in amounts
ranging between 6 and 1090 µg kg-1 in 27 of 29 dry
soil samples [31]. DDT is transformed to DDE when
exposed to sunlight [32]. Beside the photochemical
reactions, it also undergoes dehydrochlorination by
the bacteria in soil and invertebrates [33]. High levels of 4,4’-DDE in dry soil samples indicate earlier
intense DDT usage as an insecticide. In the present
study, the detected 4,4’-DDE levels (Table 2) were
similar to the Cukurova area. Furthermore, while
there was no significant difference for the ∑OCs

between Gaziantep (124.27 ng g-1) and Sanliurfa
(120.02 ng g-1) (p≥0.05), the mean value of the samples from Mardin (280.06 ng g-1) was significantly
higher than the others (p<0.05) (Table 3). The high
levels of ∑OCs may be due to the usage of DDT and
OCPs brought in illegally from abroad by farmers for
use in agriculture and animal husbandry because it is
illegal to produce or use these chemicals in Turkey.
In the study of Aksoy et al. (2013) [14] that was
conducted on butter samples from the Black Sea region of Turkey, DDT and its derivatives (2,4’-DDE,
4,4’-DDE, 2,4’-DDT, 4,4’-DDT), aldrin, HCB, and
α- and γ-HCH isomer, were not found, but in 3 samples, β-HCH was detected. In the western Black Sea
region, in the first period (October- December 2009)
the mean β-HCH level was 14 ng g-1 and in the second period (May-June 2010) the mean levels were
66 ng g-1 and 19 ng g-1 in the middle and western
Black Sea regions, respectively. These values are
higher than the values measured in our current study
(Table 2). This suggests that in the northern regions
of Turkey, β-HCH had been used heavily for agricultural pest control.
In the study of Guvenc and Aksoy (2010) [34]
that was conducted in Samsun Province, Turkey,
they investigated the presence of nine OCPs and four
synthetic pyrethroid pesticides in 100 cow milk samples, and no residues of any of these compounds
were found in any of the samples. These results are
similar to the results of the study of Aksoy et al.
(2013) [14] on butter samples described above, but
differ from the results of the present study (Table 2).
Kalantzi et al. (2001) [15] investigated PCB
and OCP residues in 63 butter samples collected
from 23 countries and reported a ΣPCBs ranging between 0.23 and 14.1 ng g-1. The lowest levels were
detected in the samples from Australia and New Zealand, while the highest were from the Czech Republic. Values obtained from all three provinces in our
study (Table 2) were higher than the results of the
study of Kalantzi et al. (2001) [15]. Moreover, the
ΣDDT levels in that study ranged between 0.41 and
250 ng g-1, with the highest levels from India similar
to the levels measured in our study (Table 2). Furthermore, the lowest DDE / DDT ratios determined
in the study of Kalantzi et al. (2001) [15] were 3.33
to 5, in samples from countries in Central and South
America and also from India, Tunisia, and Spain. In
that same study, in samples from the other countries,
the ratio was 12.5 to 50, which is similar to our results. Furthermore in the study of Kalantzi et al.
(2001) [15], α-HCH was found in concentrations of
0.06 to 98 ng g-1, β-HCH from 0.02 to 110 ng g-1 and
γ-HCH from 0.088 to 18 ng g-1 in samples from all
countries. The total of the concentrations of the three
isomers detected, in the order of highest to lowest
concentrations, was in samples from India, China
and Spain, respectively. In addition, HCB levels
ranged between 0.34 and 6.2 ng g-1, with the highest
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[19] noted that the ΣOCPs levels were low in northern and central Europe, the ∑DDT and ∑HCH levels
were high in Eastern Europe (Romania, Bulgaria,
and Ukraine), dieldrin levels were higher in France
and endosulfan levels were higher in the Azores Islands. Moreover, only a single sample from Romania
exceeded the legal limit for lindane set by the European Commission.
Waliszewski et al. (2003) [20] conducted a
study in Mexico in which they measured the mean
HCB level in 200 butter samples to be 8 ng g-1. The
mean β-HCH level (65 ng g-1) was much higher than
in our study (Table 2) and the mean ΣDDT level (47
ng g-1) was higher than the value for samples from
Gaziantep in our study, and lower than in samples
from Sanliurfa and Mardin. These values suggest
that β-HCH was intensively used as an insecticide in
the study area in Mexico.
Bulut et al. (2010) [21] investigated OCP residues in clotted cream and butter samples from
Afyonkarahisar in Turkey and reported mean ΣOCPs
values for both clotted cream (672.46 ng g-1) and butter (308.95 ng g-1) that were higher than the mean
values measured in samples from each of the three
provinces in our study (Table 2). The high levels of
these residues may be due to the more intensive use
of pesticides for agricultural purposes in Afyonkarahisar. Furthermore, Yentur et al. (2001) [22] investigated lindane, 4,4’-DDE and 4,4’-DDT residues
in 70 butter samples from Ankara Province of Turkey and found no residues of these compounds. The
results of studies of Yentur et al. (2001) [22] and
Bulut et al. (2010) [21] from Turkey differed substantially from our results from south-eastern Turkey, a situation that reflects the different histories of
OCP use in the different areas (Table 2).
Conclusively, this study was the first to compare OCPs residues in butter samples from Gaziantep, Sanliurfa and Mardin Provinces of Turkey. The
OCPs and PCB levels in some samples were higher
than the MRL determined by the TFC. It is therefore
surmised that, especially in recent years, insecticides
have been used illegally and on agricultural lands. In
order to prevent the residue problem caused by usage
and in the interest of public and environmental
health, OCP and PCB levels should be routinely
monitored in the soil, plants and foods of animal
origin and the necessary precautions should be taken.
In addition, the legislation regarding the use of
banned insecticides should be enforced.


$"!

levels being from the Czech Republic, Australia,
China and Brazil.
Bedi et al. (2016) [16] investigated OCP, organophosphorus and synthetic pyrethroid insecticide
residues in 56 cleaned and 55 normal butter samples
collected from the Punjab region of India and detected HCH residues in 23% and 25% of samples,
respectively, and 4,4’-DDE residues in 25% and
29% of samples, respectively. They reported that
none of the samples contained residues that exceeded the legal MRL determined by WHO (200 ng
g-1 HCHs and 1250 ng g-1 DDTs). While the HCH
levels observed in that study were similar to our
study (Table 2), 4,4'-DDE and ΣDDT levels were
lower, which supports our assertion that DDT and its
derivatives were intensively used in the studied
provinces in our study.
Kumar et al. (2005) [17] investigated HCH and
DDT derivatives in 65 milk and 46 butter samples in
Agra city, India, and detected the mean ∑HCH levels
of 132 ng g-1 in the butter samples and 114 ng mL-1
in the milk samples. In addition, they found mean
higher levels of ∑DDT in the butter samples (120 ng
g-1) than in the milk samples (105 ng g-1). These
mean ∑HCH levels in the samples of Kumar et al.
(2005) [17] study were much higher than in our
study (Table 2). Moreover, the mean ΣDDT levels
were higher than the values obtained from the samples from Gaziantep and Sanliurfa but lower than the
levels measured in the samples from Mardin (Table
2). Therefore, it is likely that HCH was used intensively in India while DDT was used more in Agra
than in Mardin.
Jafari et al. (2008) [18] investigated POP residues in 50 butter samples collected from local farms
in rural and urban areas in central, western and northern Iran. The mean ΣDDTs level was lowest (0.66 ng
g-1) in the samples from the northern region and
highest (607 ng g-1) in central region. The values obtained in our study (Table 2) were higher than in the
samples collected in the northern region, and lower
than those collected in the central region in the study
of Jafari et al. (2008) [18]. In addition, the mean
∑PCBs level in their study (4.32 ng g-1) was much
lower than our results for all three provinces (Table
2). Furthermore, the mean α-HCH level of 1.14 ng g1
was lower than Gaziantep and Mardin Provinces,
the mean β-HCH value of 2.26 ng g-1 was higher than
for Gaziantep but lower than for Mardin and Sanliurfa, and the mean γ-HCH value of 1.67 ng g-1 was
lower than the residue levels from all three provinces
(Table 2).
Weiss et al. (2013) [19] investigated the residual quantities of OCPs in a total of 84 butter samples,
among which 75 were from 2007 and 9 were from
the years 2009 to 2011 from 27 European countries
that have accepted the Stockholm agreement.
Among the samples that were examined in 2007, the
mean ∑DDT (6.9 ng g-1) and ∑HCH (1.6 ng g-1) levels were lower than our findings. Weiss et al. (2013)

This study was presented as an oral presentation in the 4th International Biocidal Congress on
March 25-29, 2018 in Antalya, Turkey. The authors
thank Gregory T. Sullivan of the University of
Queensland in Brisbane, Australia for editing the
English in an earlier version of this manuscript.
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plant communities, but also during application adequate silvicultural and management measures. In the
belt of lowland (higrophilous) forests, the main ecological factor is water [1]. Some authors established
occurrence of special sorts within different site conditions, whose heritable traits are characterized by a
narrow ecological valence related to water as the
most important ecological factor [2].
As for watering regime, it represents qualitative
estimation of all available water reserves in the soil
during longer period of time, and it is actually overall water quantity that enters the soil in many different ways and that also expenses during different processes [3].
Examination of pedunculate oak site in Ravni
Srem and research of watering regime, as well, represents actually one of the first steps in order to solve
complicated problem related to decline of ecologically and economically the most significant forest
ecosystems in Serbia [4, 5].
Phenomenon of pedunculate oak decline in Serbia and Croatia was recorded at the end of 19th century in flooded area of the river Mureš, close to
northern border of Vojvodina, that was confirmed by
results of Rochel [6]. Some authors found that Armillaria melea attacks are responsible for pedunculate oak decline that suddenly occurred at the beginning of 20th century [7].
[8] examined state of pedunculate oak forests at
the area of Posavina and established participation of
some species and relation between edificators and
subedificators, as well.
A few papers from the beginning of 20th century at the area of Vojvodina found several factors
that are the most deserved for pedunculate oak forests devastation in alluvium of the rivers Bosut and
Studva. [9] claimed that flooding is the most important reason, while another authors established
that the main cause of pedunculate oak devastation
in Posavina and Podravina is groundwater level falling due to interaction between natural and human influences [10].
[11] mentioned three group of factors related to
pedunculate oak decline: 1. preparatory factors (species, genotype, physiological age, stand structure,
climate conditions, topography, soil conditions); 2.
causal factors (groundwater level falling, drought,

Pedunculate oak forests at the area of Gornji
Srem are one of the most significant forest ecosystems from ecological and economical point of view.
Survival and development of this higrophilous species mainly depends on available water quantity
needed for basic living functions maintaining. Bearing on mind that embankment building at this area
eliminated influence of flooding, and that precipitation quantity during vegetation season is not enough,
as well, pedunculate oak clearly provides its water
needs from groundwater. The research was conducted within Forest Administrations „Morović“ and
„Višnjićevo“ that cover area of about 25.000 ha belonging to Forest Holding „Sremska Mitrovica“. The
scope of the paper was to determine an average (reference) level of groundwater during vegetation season for the whole researched period (2010-2013).
The next step was to establish, based on climate parameters, extreme years (the driest and the wettest).
After that it was necessary to find a deviation of an
average groundwater level in critical years compared
to reference level. These deviations establish how
much an average groundwater level goes up during
wettest and how much it goes down during the driest
year compared to reference level, respectively.
Based on above mentioned deviations, maps by using Kriging model have been made. These maps
serve for risk zones determining. Practical contribution of the paper is related to positioning of potentially endangered areas, that means adaptation of
management principles to present hydrological site
conditions.
'&!"
Pedunculate oak, groundwater, Kriging, risk zones, reference level
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Knowing of watering regime in existing site
conditions, and relation of plant associations to extremely wet or dry biotops, as well, is very significant, not only for normal growth and development of
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long-term flood, mechanical damages, frost); 3. additional factors (pathogenic fungi, damages on root
and sapwood, bark cancer, xylophagous insects).
In general, papers related to pedunculate oak
decline in alluvium of the river Sava observe this
complicated issue depending on numerous factors:
groundwater level and decline intensity [12], pedunculate oak response to different watering conditions
[13], trunk increment as indicator of site changes
[14], ecological and biological causes [15], problematic of forest silviculture [16, 17, 18, 19], vegetation
succession [20, 21, 22], silvicultural and management aspect [23].
The main scope of the paper is, based on
groundwater level fluctuations during researched period, to define so-called risk zones. It is of great importance during silvicultural and management
measures conducting, because it can enable protecting of pedunculate oak at very endangered places,
which represents, from ecological and financial
point of view, a huge benefit.
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The Ravni Srem forests cover a large alluvium
of the river Sava including hard and soft hardwood
associations of a big quality. The whole forest complex at this area is spatially divided into two parts:
Gornji Srem, including area western from Sremska
Mitrovica to the state border with Croatia, and Donji
Srem, including area eastern from Sremska Mitrovica to the teritory of municipality Zemun.
The research in the paper was conducted in
Gornji Srem, whose overall area is about 25.000 ha.
It is consisted of two forestry administrations – „Morović“ and „Višnjićevo“. FA „Morović“ includes


four („Neprečava-Varoš-Lazarica“, „Blata-Malovanci“, „Raškovica-Smogvica“ and „Vinična-Žeravinac-Puk“), while FA „Višnjićevo“ is consisted of
three („Smogva-Grabova greda“, „VaradinŽupanja“ and „Vratična-Cret-Carevina“) management units. In 1932 there was built an embankment
in the area of Gornji Srem in order to exclude the
influence of flooding on higrophilous forests, so
these ecosystems are dominantly under the influence
of groundwater and surface water.
For research purposes, at the area of Gornji
Srem, piezometers net was mounted in 2009 consisted of overall 102 piezometers. By handmade
probe were made the holes. In the holes were put galvanized tubes with diameter of 5/4 inch and long
about 6 m. The whole construction is consisted of 0.5
m long precipitator, 1.5 m long filter and a part of
construction above the ground for about 20 cm. Constructive filter represents a tube perforated by circular openings 4 mm thick. Around the tube was
mounted a gravel construction until the depth of 3.5
m, and from this depth up to the land surface was
mounted clay buffer. Piezometric cap and precipitator botton are closed with a metal cap. Piezometric
construction cap is about 20 cm above the land surface and equal with a concrete insurance.
Distribution of piezometers along management
units within FA „Morović“ and FA „Višnjićevo“ is
displayed at Fig. 1. Groundwater levels were measured each ten days (three times a month) during researched period 2010-2013. All necessary measurements on each piezometers were conducted by foresters from Public Enterprise „Vojvodinašume“.
Data processing about groundwater levels during researched period included its spatial interpolation by using software ArcGIS – model Kriging. In
geostatistics, Kriging is a method of interpolation for
which the interpolated values are modeled by a
Gaussian process governed by prior covariances, as

$! 
/897/):9/545-6/,=53,9,78

5990



#"

  $  









  !




!"$#""$""

opposed to a piecewise-polynomial spline chosen to
optimize smoothness of the fitted values. Under suitable assumptions on the priors, kriging gives the best
linear unbiased prediction of the intermediate values.
The method is widely used in the domain of spatial
analysis and computer experiments.
The basic idea of Kriging is to predict the value
of a function at a given point by computing a
weighted average of the known values of the function in the neighbourhood of the point. The method
is mathematically closely related to regression analysis. Both theories derive a best linear unbiased estimator, based on assumptions on covariances.
Spatial data interpolation about groundwater
level by using ArcGIS software with a Kriging
model included following steps:
- forming a database about groundwater level
with 102 piezometers and data input in a model;
- distribution of data about groundwater level
– some transformations were made in order to make
values of entered data closer to normal distribution
by using of logarithmic transformations;
- spatial interpolation – semivariogram and
covariance modeling – Kriging is doing two different tasks: quantifying of spatial data structure and
making an assumption. Semivariogram and covariance function quantify an assumption that objects located relatively close show a tendency of greater
similarity than these far away from each other. Both
models display a strength of statistical correlation as
a distance function;
- method of cross-validation is a method of
accuracing establishing of selected theoretical
model. Cross-validation can be performed with a few
different models and if an average supposed error is
close to zero, assumptions are located in the middle
of measured values. Supposed errors of medium
square root should be as small as possible in order to
obtain model that provides making of accurate assumptions;
- surface creating based on groundwater level
date – after validation model, surface is generated in
order to display a map of groundwater level at researched area.
For the whole researched period (2010-2013),
an average (reference) groundwater level during
vegetation period was determined and, based on climate factors (before all precipitation quantity during
vegetation period), there were established the driest
and the wettest year within a researched period, respectively. For mentioned extreme years, an average
groundwater level during vegetation period was determined and after that the deviations were recorded.
It actually means to establish falling of groundwater
level compared to reference level in the driest, and
raising of it during the wettest period. That was a basis for so-called risk zones defining.




Interpolation of medium monthly piezometric
level was performed in order to create the most suitable insight related to groundwater level fluctuations
in the area of Gornji Srem. In the maps, there have
been displayed an average groundwater levels for
vegetation seasons 2010 and 2012, respectively.
At the area of Gornji Srem, a very iregular distribution of groundwater level is remarkable, not
only during wet, but also during dry period of the
year.
Based on displayed spatial distribution of medium groundwater levels during vegetation season
2010 (Fig. 2a) at the area of Gornji Srem, we can deduce that the lowest area covers piezometric level of
groundwater at the depth 2-2.5 m, while the greatest
area is located at the depth 1-1.5 m. It can also be
deduced that close to 70 % from the whole area includes piezometric level of groundwater present at
the depth 1-1.5 m (the greatest part of the whole area
includes that with a relatively shallow groundwater
level). On the other side, there is a small area including groundwater level at the depth 2-2.5 m.
As for spatial distribution of medium levels of
groundwater at the area of Gornji Srem during vegetation season 2012 (Fig. 2b), there was established
that the greatest area covers piezometric level of
groundwater at the depth 4-4.5 m, while the lowest
was at the depth 4.5-5 m. During observed period,
based on obtained results, we can deduce that zone
with a groundwater level between 4 m and 4.5 m includes even ¾ from the whole area. It is also remarkable that zone with the lowest area has much bigger
values compared to vegetation season 2010.
In order to have a better insight related to
groundwater position at researched area, there have
been made maps with medium levels of groundwater
for the whole researched period (2010-2013). Bearing on mind that the greatest part of the water needed
for basic functions maintaining has been uptaken
during vegetation season, displayed medium values
of groundwater levels are related to vegetation season. Groundwater level defined by using an average
values during vegetation season for some researched
period (2010-2013) is a reference level.
At the area of Gornji Srem, reference level during vegetation season (2010-2013) has been displayed on Fig. 3. Based on obtained results, it can be
established that the lowest area is present at the depth
3.5-4 m, while the greatest is at the depth 3-3.5 m.
During observed period it can also be deduced that
zone with a piezometric level of groundwater at the
depth 3-3.5 m includes more than a half of the whole
researched area, while another one zone with a
groundwater level between 3.5 m and 4 m covers a
very small area (below 2 %).
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- piezometric level of groundwater at the
depth 1.5-2 m includes area of about 3.249 ha, that
is 21.33 % from the whole area and two management
units belong to this zone – Neprečava-Varoš-Lazarica and Vinična-Žeravinac-Puk
piezometric level of groundwater at the
depth 1-1.5 m includes area of about 11.986 ha, that
is 78.67 % from the whole area and following management units belong to this zone – Blata-Malovanci, Raškovica-Smogvica, Vinična- ŽeravinacPuk, Vratična-Cret-Carevina, Smogva-Grabova
greda, Neprečava-Varoš-Lazarica and VaradinŽupanja.

Due to defining areas with more or less significant fluctuations compared to reference level, maps
with displayed height deviations of groundwater
compared to reference level have been made. In order to have more precisely defined areas with remarkable fluctuations, above mentioned maps were
overlapped with department net at researched area.
As for the map at the area of Gornji Srem for 2010,
there is obvious increasing of groundwater height
above reference level on the greatest part of researched area and generally this fact positively affects site conditions. According to height of groundwater increasing compared to reference level, there
are two zones (Fig. 4a):
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small depth (0.5-1 m), while groundwater at the
depth 1.5-2 m includes a very small area.
Reference level comparing to medium values
of groundwater level for each researched year during
vegetation season enables to establish if analyzed
year deviates from reference level or not. In case of
more significant established deviations (groundwater level close to the surface – wet site conditions or
groundwater level occurs deeper – dry site conditions) it is possible to define areas with remarkable
fluctuations. It is actually possible to define areas
that are above or below reference level during vegetation season, that is very important for plants in order to be adequately provided with water. At researched area of Gornji Srem, using above mentioned criteria, during 2010, there was established increasing of groundwater level (about 1.0 m on average), while in 2012, there was recorded decreasing
of groundwater level (about 1.6 m on average) compared to reference level.
There are different watering conditions at the
area of Ravni Srem due to embankment building in
Gornji Srem in 1932, that completely eliminated influence of flooding. Pedunculate oak uptakes necessary water quantity from groundwater and precipitation at the area of Gornji Srem. However, bering on
mind the fact that precipitation quantity during vegetation season does not provide optimaly this species
with water (during wet 2010, it was 518 mm, but during dry season 2012, it was only 235 mm), it can be
established that pedunculate oak the greatest part of
the water uptakes from groundwater.
[24] emphasized the importance of groundwater for soil watering in Ravni Srem, and they also established that groundwater supply depends the most
on hydrogeological environmental conditions. [25]
also mentioned the importance of hydrogeological
conditions for survival and growth of vegetation in
the areas with limited water quantity. Environmental

Based on obtained results, it can be deduced
that groundwater level during researched period is
very close to the surface. As for a clear trend related
to groundwater level increasing compared to multiyearly medium values, it does not affect a lot vegetation.
As for the map for 2012 at the area of Gornji
Srem, there is an obvious decreasing of groundwater
height below reference level, that negatively affects
site conditions and vegetation growth in general. According to height of groundwater decreasing compared to reference level, there are 4 zones (Fig. 4b):
- piezometric level of groundwater from the
top of piezometric construction to 0.5 m includes
area of about 3.045 ha, that is 19.99 % from the
whole area and following management units belong
to this zone – Raškovica-Smogvica, Vinična-Žeravinac-Puk, Varadin-Županja and Vratična-Cret-Carevina
- piezometric level of groundwater at the
depth 0.5-1 m includes area of about 7.141 ha, that
is 46.87 % from the whole area and following management units belong to this zone – RaškovicaSmogvica,
Vinična-Žeravinac-Puk,
VaradinŽupanja, Smogva-Grabova greda and Vratična-CretCarevina
- piezometric level of groundwater at the
depth 1-1.5 m includes area of about 4.955 ha, that
is 32.52 % from the whole area and following management units belong to this zone – Blata-Malovanci, Raškovica-Smogvica, Smogva-Grabova
greda, Varadin-Županja and Neprečava-Varoš-Lazarica
- piezometric level of groundwater at the
depth 1.5-2 m includes area of about 95 ha, that is
0.62 % from the whole area and two management
units belong to this zone – Blata-Malovanci and
Raškovica-Smogvica
Obtained results show that almost a half from
the whole area covers groundwater present at a very
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conditions such a longterm flooding during vegetation season are not suitable for pedunculate oak
younger stages growth [26]. Flooding duration over
10 days in Slavonia pedunculate oak forests caused
devastation of its seedlings and offspring, as well.
[27] researched the influence of watering regime on
poplar growth (poplars need more water than pedunculate oak) and established that longterm flooding
and low groundwater level have a positive impact on
poplar development, while shortterm flooding and
high groundwater level are not so suitable for this
species.
[26] emphasized the importance of groundwater for pedunculate oak, especially during summer
and dry periods. This author also mentioned that 140
years old Slavonia pedunculate oak forest during
vegetation season spends 600-800 mm water
through evapotranspiration.
[28] developed hydrological model at the area
of north-eastern Hungary in order to establish water
balance components and grade of groundwater consumption. Based on this method, it was found that 73
% from the whole water quantity has been lost during transpiration, about 23 % is related to interception loss and only 4 % to soil evaporation. There was
also established a very significant groundwater consumption during dry period – about 66 % from the
overall transpiration.
[29] conducted research in alluvium of the
Danube river and based on soil capacity for water
storage, they divided soil into 3 categories: poor (75150 mm), medium provided (150-300 mm) and very
well provided (over 300 mm).
[30] mentioned results related to water consumption during different physiological processes
by various deciduous species in the area of Slavonia
forests – during transpiration, pedunculate oak consumes about 600 mm on average, ash consumes
about 700 mm, while beech and hornbeam consume
not more than 300 mm.
Some authors [31] showed that by some conifers, such as bald cypress, apart from duration of surface water stagnation, a very important influence on
growth dynamics also has a height of groundwater
capillary rise. Surface and groundwater interaction
impacts a lot to morphological and anatomical structure of wood species [32, 33, 34, 35].

Geostatistical analysis of groundwater level
fluctuations was conducted by software ArcGIS using provided with Kriging model. This analysis was
performed during researched period – 2010-2013. At
the area of Gornji Srem, the analysis was conducted
on 5 bio-indication lines with 102 piezometers about
6-7 m deep and it was established that groundwater
reference level is located at the depth 2-4 m at this
area.
At researched area of Gornji Srem with no surface flooding and precipitation quantity not enough
for normal plant functioning, groundwater is a very
significant element contributing to soil watering.
Bearing on mind complexity of alluvial soils occurrence at this locality, it has to exist local deviation
related to uniform hydrogeological conditions. This
fact causes some differences that impact to soil watering regime in the area of Gornji Srem.
As for pedunculate oak regeneration and optimal conditions for its growth, as well, it should be
emphasized that increased level of groundwater during wet 2010 does not have more significant negative
influence, while decreasing of groundwater level
during dry 2012 caused difficulties in water uptake
by root system which negatively affected development and production of pedunculate oak trunks.
Practical contribution of the paper is related to
possibility of some areas fragmentation – these that
have a good perspective and others that are endangered due to groundwater level contribution to watering regime. Access like this enables performing of
adequate silvicultural and management measures,
which is of great importance for preservation of
these valuable ecosystems.
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Many water-saving techniques have been
adopted to improve rice cultivation methods in
China, but further investigation is needed to explore
the environmental impact of these technologies. The
aim of this study was to investigate the effects of nitrogen (N) and phosphorus (P) leaching losses under
simulating soil conditions in a real environment under different water managements. Determination index of nitrogen included Ammonium nitrogen
(NH4+-N), Nitrate nitrogen (NO3--N), Total nitrogen
(TN) and for P was Total phosphorus (TP). Three
water treatments, i.e. flooding irrigation (FI), shallow adjusting irrigation (SAI), and controlled irrigation (CI), were conducted in the lower reaches of the
Yangtze River. Results showed that NH4+-N was the
major form of N in percolation water, which accounted for 47.7–51.5% of the total nitrogen leaching losses under different water managements. Mean
TN and NH4+-N concentrations were significantly
higher in CI and SAI than in FI during the most of
the rice growth stage, presenting a trend of
SAI>CI>FI. The considerably high TN and NH4+-N
concentrations via leaching can cause eutrophication
of water bodies in the nearby region of paddy fields
during the rice growing season. However, the NO3-N concentrations during the most rice growth stage
showed a trend of CI>SAI>FI. The TP concentrations for all treatments kept below 0.2 mg L-1, indicating a small risk of P leaching losses. As a result,
it is necessary to comprehensively consider the negative impact on environmental pollution while considering the water-saving benefits of water-saving irrigation. According to the experimental data of this
study, CI is more suitable for application in the lower
reaches of the Yangtze River of southern China than
SAI.



Water eutrophication has become a critical environmental problem throughout the world today [1].
Eutrophication can break the aquatic ecosystem,
leading to loss of biodiversity, algae reproduction,
large number of fish deaths and economic losses [14]. Eutrophication of water is a key factor in the deterioration of water quality, which limits water’s use
and poses a threat to the health of human [5]. Excess
of carbon (C), nitrogen (N), phosphorus (P), magnesium (Mg), and potassium (K) in water can lead to
water eutrophication, among which nitrogen (N) and
phosphorus (P) play the most important role [6]. As
the point source pollution is gradually controlled, agricultural non-point source pollution has become a
major source of pollution for water eutrophication.
Intensive farming of agricultural soil is very likely to
cause leaching of water and nutrients from soil into
surface water and ground water [7-9]. The problem
of agricultural soil and water degradation caused by
residues of used chemicals (pesticides), emissions of
ammonium, methane or sulfide from livestock production, and manure from livestock and poultry has
become more and more serious day by day [5]. Agricultural non-point source pollution is the most difficult to eliminate as a result of its spatial characteristics.
Nitrogen and phosphorus, the two of the most
important agricultural non-point pollutants, enter
ground water and surface water through leaching and
lateral subsurface flow [10], which can be attributed
to the excessive use of nitrogen and phosphorus fertilizers [5, 11, 12]. The underground drainage and
surface drainage in paddy fields happen more frequently than that in dry fields. According to statistics
[13], the loss of nitrogen and phosphorus from paddy
fields per unit area due to leakage and runoff is over
four times more than that of dry fields. The loss of
nitrogen and phosphorus from paddy fields is one of
the main sources of agricultural non-point source
pollution, which has caused serious damage to the
water environment. Understanding the losses of
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Nitrogen, phosphorus, irrigation regimes, leaching, rice
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nitrogen and phosphorus from paddy fields is important for solving the agricultural non-point source
pollution. The nitrogen and phosphorus through
leaching into the groundwater should not be neglected, because they play a vital role in the formation of the agricultural non-point source pollution. Irrigation is one of the major measures for rice
field management, which influences the migration of
the nutrient from the field. Irrigation could lead to
changes in rice growth, soil nitrogen and phosphorus
forms and their availability, and changes in plant nitrogen and phosphorus absorption, which would furthermore lead to changes in nitrogen and phosphorus
losses [14]. Several efficient rice irrigation techniques, such as alternate dry and wet irrigation [15,
16], controlled irrigation (CI) [17-19] and aerobic
cultivation [20, 21] have been developed and promoted to enhance water use efficiency and to reduce
water use in recent decades [22].
In southern China, where rice is one of the main
food crops, various irrigation regimes are currently
applied in the paddy fields. Water-saving irrigation
regimes such as controlled irrigation and shallow adjusting irrigation have gradually replaced traditional
flooding irrigation (FI). Controlled irrigation (CI)
and shallow adjusting irrigation (SAI) are the two
most widely used irrigation regimes by farmers in
the lower reaches of the Yangtze River and controlled irrigation is recognized as an effective way in
reducing water usage without causing yield reduction. Under the condition of CI, rice field soil is kept
damp and standing water is prevented as a result of
intermittent irrigation after the re-greening stage.
Since there are more nitrogen and phosphorus consumption and losses in the drainage of paddy rice
field in southern China [23, 24], it is of vital importance to quantify the variation in nitrogen and
phosphorus losses under different irrigation regimes
and then help to reduce nitrogen and phosphorus
losses and control eutrophication of water bodies.
There are a large number of published studies describing the role of water management in N and P
losses in paddy rice fields in southern China. Gao’s
study in Nanjing found that NH4+-N was the major
form of N losses in surface drainage and percolation
water under controlled irrigation [24]. The study of
Peng and Yang in the nearby area—Taihu Lake region also showed that under CI, the main form of N
leaching in rice growing season was NH4+-N in the
area with relatively high groundwater table [25].
However, studies from a lysimeter [26, 27] and field
experiments [28] conducted at the same location in
the Taihu region of China indicated that the main
form of N in the percolation water in the rice growth
season was NO3--N.NH4+-N and NO3--N took up
39.7% and 3.5% of all the TN leaching losses in the
experiment carried out by Ji et al [29] in the Dongting Lake area of southern China. Peng, Yang et al.
[25] found that P leaching losses were not negligible
in paddy fields though P was difficult to leaching

whereas Xie, Ran et al. [30] found that P was easily
to lose through leaching from status soils.
Most of the existing reports on how irrigation
regimes affect N and P losses in paddy fields in
southern China are based upon CI. CI has been recognized as a very efficient and potential irrigation regime in southern China. However, shallow adjusting
irrigation, which may be more water consuming than
CI, is also widely applied currently in southern
China. There is limited information about the influence of shallow adjusting irrigation on N and P
losses in paddy fields in southern China, especially
in the lower reaches of the Yangtze River. Also, only
a few studies observed the dynamic change of N and
P leaching losses through the whole long rice growth
period. The aims of this study were therefore to
quantify the impact of different irrigation regimes
(CI, SAI, and FI as a contrast) on N and P losses in
percolation water from paddy fields and in what
forms the N was lost through the whole rice growth
period, providing theoretical basis for assessing the
risk of nitrogen and phosphorus loss and promoting
water-saving irrigation regimes in the lower reaches
of the Yangtze River.


" !"!

=6,703,49(2 !09,The study was conducted
during the paddy growing season of 2017 at the Key
Laboratory of Efficient Irrigation-Drainage and Agricultural Soil-Water Environment in Southern
China, Ministry of Education (31°57′N, 118°50′E,
and 144 m above sea level). The study area is located
in the lower reaches of the Yangtze River and has a
subtropical humid monsoon climate with an average
annual temperature of 15.7°C, annual precipitation
of 1,021.3mm, annual evaporation of 900 mm, annual average sunshine hours of 2212.8 hours, and a
frost free period of 220 days per year. The soil texture of the experimental site in the plowed layer is
loamy clay, with organic matter of 2.40%, total nitrogen of 0.9 g kg-1, available nitrogen of 47.4 mg
kg-1, total phosphorus of 33.0 mg kg-1, available
phosphorus of 10.4 mg kg-1 and pH of 8.0. The saturated water content of the soil is 38.2% by mass and
the soil bulk density is 1.31g cm-3.

=6,703,49(2,80.4Custom-made designed
buckets made of PVC planking were used for rice
cultivation (Fig.1). The buckets can control water
volume precisely. The band dimension of each pot is
40cm×40cm×100cm (Length × width × height), with
a hydrovalve at the bottom. A sand and gravel filter
layer with a thickness of 20 cm and soil with a thickness of 60 cm were loaded to each pot successively,
reserving a depth of 20 cm used to store rainwater.
The soil was scraped from the plowed layer in the
experimental site and air-dried before loading, keeping the soil of all the pots in the same condition. The
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test soil samples were layered and compacted according to the bulk density of the field soil.
There are three irrigation treatments: flooding
irrigation (FI), shallow adjusting irrigation (SAI),
and controlled irrigation (CI). Controlled thresholds
in different stages for different irrigation treatments
were presented in Table 1. All treatments were set up
in the custom-made buckets and kept to five replications. And all treatments were exposed to natural
rainfall. The irrigation and rainfall during the rice
growth stage was shown on Fig. 2.
Nanjing 5055, a high-yielding rice variety commonly used locally, was cultivated for experiment.
The seedlings were raised in a seedbed on 13 May

2017 and transplanted on 16 June 2017 at a hill spacing of 13 cm×10 cm with three seedlings per hill,
simulating the field environment. The rice was harvested on 26 October 2017. The soil was soaked the
day before transplanting and applying basal fertilizer. Fertilization standards referred to local highyield fields. The fertilizer activities including basal
fertilizer, tillering fertilizer and panicle fertilizer
used in this experiment were described in Table 2,
and all fertilizers were broadcast into surface water
by hand. Weeds were controlled manually and pesticides of insecticide were applied on 6 July 2017 and
6 August 2017.
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Late tillerJointing –
Heading - flowMilky
Ripening
ing stage
booting stage
ering stage
stage
stage
Field sunNaturally
FI
10–30–40
10–30–100
10–40–150
10–40–200
10–40–200
ning
drying
Naturally
Field sun90%–20–100
90%–20–100
80%–20–90
SAI
10–30–40
90%–30–60
drying
ning
Field sunNaturally
CI
10–30–40
70%–100%–60
70%–100%–80
80%–100%–80
70%–100%–80
ning
drying
59,X–Y–Z denotes that X was the lower bound of irrigation, Y was the upper bound of irrigation and Z was the maximum storage height
of rainfall. The data with % mean the percentage of the saturated water content for the 0–30cm soil layers. The data without % mean the water
depths, to mm as a unit. Water should be drained for field sunning if water layer existed in late tillering stage.
Stage

Re-greening
stage



Early tillering
stage

" 
,79020?,7(6620*(9054-57(229/,97,(93,498
Fertilizer application
Basal fertilizer
Tillering fertilizer
Panicle fertilizer

Amount of fertilizers
(kg ha-1)
209
110
117
105
78
209

Type of fertilizers
CO(NH2)2
P2O5
K2 O
CO(NH2)2
K2 O
CO(NH2)2
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0,2+3,(8:7,3,49(4+8(36204.Daily meteorological data, including the air temperature
(maximum, minimum, and average temperatures),
wind speed and direction, relative humidity and precipitation volume, were measured at the experimental site using an automatic weather station. A
time domain reflectometer (TDR) was used to measure the levels of soil moistures when there wasn’t
pond water. Pond water depth was measured by vertical rulers fixed on the pots when pond water exists.
When the lower bound of irrigation was reached, the
rice was irrigated until water level reached the upper
bound of irrigation. When the water level exceeded
the maximum storage height of rainfall, the excess
surface water was drained until the water level
reached the maximum storage height of rainfall. Water percolation in the field was achieved by controlling the amount of subsurface water drainage. The
subsurface water was drained by the hydrovalve at
the bottom every three days when surface water existed and water samples were collected at the same
time. Referring to the studies in nearby areas [24, 25,
31], the daily average leakage of FI, SAI, CI was set
at 2.85mm d-1, 2.17mm d-1, 1.54mm d-1, respectively.
The subsurface water draining was started at the beginning of the tillering stage. The water samples
were collected into polythene plastic bottles and
were stored at 4°C before analysis. All polythene
plastic bottles were rinsed before an appropriate
amount of water sample was obtained.
Water samples were analyzed for NH4+-N,
NO3 -N, TN, and TP concentration. The NH4+-N
concentration was determined using the Nessler’s reagent colorimetric method. The NO3--N concentration was determined using the Ultraviolet spectrophotometry method. The TN concentration was determined using the Alkaline potassium persiflage



digestion-UV spectrophotometric method. The TP
concentration was determined using the Ammonium
molybdate spectrophotometric method. A UV-2800
spectrophotometer was used for colorimetric.

!9(90890*(2 (4(2>808 SPSS 22.0 was used to
carry out statistical analysis. Significance was computed based on F-tests and least significance (LSD)
test at the 0.05 probability level. The standard errors
of the means were used to measure the variation between treatment replicates.
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NH4 -N concentrations in the percolation water from
the paddy fields with different irrigation regimes are
shown in Fig.3.The concentration of NH4+-N ranged
between 1.026 and 5.519 m mg L-1 for CI, 1.748 and
6.021 mg L-1 for SAI, 1.174 and 5.179 mg L-1 for FI,
respectively. Nitrogen fertilizer application was the
main influencing factor of NH4+-N concentrations in
percolation water as they all increased after fertilizer
application in SAI, CI and FI paddy fields. Similar
results have been reported by Peng , Yang et al.[25]
and Xu , Peng et al.[22]. During the tillering stage,
the NH4+-N concentrations in percolation water increased immediately from 4.096 mg L-1 for SAI,
4.174 mg L-1 for CI and 3.961 mg L-1 for FI on 28
June to peak values of 6.021 mg L-1 for SAI, 5.519
mg L-1 for CI and 5.179 mg L-1 for FI on 1 July. All
the peak values were observed after four days of tillering fertilizer application on 27 June and then decreased sharply to 4.472 mg L-1 for SAI, 3.632 mg
L-1 for CI and 3.475 mg L-1 for FI on 7 July.
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(The arrows indicate fertilization)



middle and late growth stage (heading-flowering
stage, milky stage and ripening stage) with the
growth of the plant. Although ammonium ions are
easily adsorbed by soil and the soil has a retarding
effect on the migration of NH4+-N [25], NH4+-N begins to migrate downward quickly when the adsorption of NH4+-N on the soil is saturated. This can contribute to the increase in the concentrations of NH4+N in the percolation water after fertilizer application
and higher NH4+-N concentrations during the early
growth stage. With the growth of rice and the continuation of time, the NH4+-N concentration in the
percolation water gradually decreased as a result of
nitrification and crop absorption.

After five days of panicle fertilizer application
on 16 August during the jointing-booting stage, another peak values of 4.656 mg L-1 for SAI, 4.344 mg
L-1 for CI and 3.567 mg L-1 for FI were observed on
21 August, which immediately increased from 3.171
mg L-1 for SAI, 2.490 mg L-1 for CI and 2.026 mg L1
for FI on 15 August. The fertilizing amount for panicle fertilizer was only about a half of that for tillering fertilizer, the peak values of tillering stage were
29.2% for SAI,27.2% for CI, 44.8% for FI higher
than that of jointing–booting stage, respectively.
Two possible reasons may contribute to this. Firstly,
the interval between basal fertilizer and tillering fertilizer was very short, and the fertilizer content in the
soil was still at a high level. Secondly, undeveloped
root system of rice at the tillering stage might limit
the absorption of nitrogen and a large amount of nitrogen uptake was required during the vigorous
jointing-booting stage.
Due to the same controlled thresholds in the regreening stage, there was no significant difference in
the NH4+-N concentrations in percolation water
among the three treatments in the first few days of
the tillering stage. However, the NH4+-N concentrations in percolation water for SAI were higher than
other two treatments during the most time of rice
growth stage. In addition, the NH4+-N concentrations
in percolation water for CI were higher than FI from
tillering stage to heading and flowering stage but
lower in milky and ripening stage. Thus, SAI had the
highest risk of NH4+-N leaching losses among the
three treatments without considering water volume,
followed by CI.
The NH4+-N concentrations in percolation water under the same irrigation treatment showed the
same trend during the whole rice growth stage, with
all the treatments showed a decreasing trend in addition to the two peaks in tillering stage and Jointingbooting stage. The NH4+-N concentrations in the percolation water maintained low values during the

"/, ;(70(9054 5-   54*,497(9054
NO3 -N concentrations in the percolation water from
the paddy fields with different irrigation regimes are
shown in Fig.4. They varied in the extremely different patterns and were much lower than the NH4+-N
concentrations in percolation water. The concentration of NO3--N ranged between 0.644 and 3.024mg
L-1 for CI, 0.742 and 2.540 mg L-1 for SAI, 0.749 and
2.691 mg L-1 for FI, respectively. The NO3--N concentrations in percolation water for different treatments presented a regular pattern of CI > SAIFI
during the most time of rice growth stage. However,
NO3--N concentrations in percolation water varied in
similar pattern for each treatment during the whole
growth stage. They maintained low values in the regreening stage then significantly increased at the tillering stage after tillering fertilizer was applied, during which there was a slowly rising trend in NO3--N
concentrations. High NO3--N concentrations were
observed from late tillering stage to early headingflowering stage. The NO3--N concentrations in percolation water sharply decreased at the late headingflowering stage and maintained low values in the
milky stage and ripening stage.
-
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(The arrows indicate fertilization)
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(The arrows indicate fertilization)

"/,;(70(90545-"54*,497(9054TN concentrations in the percolation water from the paddy
fields with different irrigation regimes are shown in
Fig.5. TN concentrations in percolation water varied
mostly in the same pattern as that of NH4+-N and
NH4+-N was the main form of N leaching losses.
This is consistent with the study results of Kao, Liu
et al., Peng, Yang et al., Tan, Shao et al., and Gao, Yu
et al. [24, 25, 33, 34] but differs from the findings of
Tian, Yin et al. and Zhao, Xie et al. [27, 28]. In this
study, TN concentrations in percolation water ranged
from 2.958 to 9.775 mg L-1 for SAI, 1.829 to
9.356mg L-1 for CI and 2.291 to 8.645 mg L-1 for FI,
respectively. There were also two peaks of the TN
concentrations at the tillering stage and the jointingbooting stage, five days after the tillering fertilizer
application and four days after panicle fertilizer application, respectively.

The poor soil aeration at the re-greening stage
as a result of the water layer caused weak nitrification in the soil, which contributed to the low value of
NO3--N concentrations in the percolation water. As
is known that NO3--N can readily move with water
[32]. Water control began from the tillering stage,
which promoted nitrification and weakened denitrification, producing more NO3--N. Heading-flowering stage, milky stage and ripening stage were the
reproductive growth stages of rice, and no more nitrogen fertilizer was applied. With the consumption
of nitrogen absorbing and leaching, the NO3--N concentrations in percolation water decreased at the late
heading-flowering stage and kept low level after
that. The treatment with best soil aeration condition
was CI, followed by SAI, and then FI. Therefore, the
NO3--N concentrations had a trend of CI>SAI>FI
during the most time of rice growth stage.
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Average
concentration
(mg L-1)

TP
Leaching
losses
(kg ha-1)

Average
concentration
(mg L-1)

Leaching
losses
(kg ha-1)

TN

Leaching loss
(kg ha-1)

NO3--N
Average
concentration
(mg L-1)

Leaching
losses
(kg ha-1)

Treatments

Average concentration
(mg L-1)

NH4+-N

SAI
3.221a
8.947b
1.778b
4.939b
6.258a
17.383b
0.097a
0.269b
CI
2.760b
5.451c
1.927a
3.807c
5.789b
11.433c
0.086b
0.169c
FI
2.615b
9.529a
1.653c
6.024a
5.461c
19.896a
0.086b
0.314a
Note:Different letters after the data in the same column indicates significant differences among treatments at p<0.05.

"/,;(70(90545-"54*,497(9054TP concentrations in the percolation water from the paddy
fields with different irrigation regimes are shown in
Fig.6. Two peaks for TP concentrations appeared on
30 June and 21 August for all the treatments, corresponding to the time when tillering fertilizer and
panicle fertilizer were applied. As is known to all,
the dissolution of insoluble phosphate in paddy soil
can be promoted by N inputs [25, 35]. Therefore, the
leaching of the TP during this period was caused by
the increase of P in soil water. The peak values, 0.163
and 0.198mg L-1 for SAI, 0.133 and 0.149 mg L-1 for
CI, 0.145 and 0.184 mg L-1 for FI, were all lower
than 0.2 mg L-1.
The TP concentrations varied in the same pattern for the same treatment and the values usually
fluctuated up and down around 0.1 mg L-1. The risk
of P leaching losses was very small for all the three
treatments. The negatively charged phosphate ion is
the main form of phosphorus in the soil. But it is different from NO3--N that phosphorus does not readily
leach with the vertical movement of water. The content of aluminum, iron, calcium and other elements
in all soils is relatively high, which provides favorable conditions for the highly reactive phosphates to
combine with them. This leads to the formation of

The TN concentrations in percolation water of
all the treatments showed a decreasing trend in addition to the two peaks in tillering stage and jointingbooting stage with the growth of rice and the continuation of time. The TN concentrations in the percolation water maintained high values during the early
growth stage (tillering stage and jointing–booting
stage) and low values during the middle and late
growth stage (heading-flowering stage, milky stage
and ripening stage) with the nitrogen absorption in
the process of plant growth. The TN concentrations
in percolation water for different treatments showed
a regular pattern of SAI >CIFI during most of the
time of rice growth stage like the NH4+-N concentrations. Thus, SAI had the highest risk of TN leaching
losses among the three treatments, followed by CI.
Compared to long-term submerged irrigation
(FI), the alternating wet and dry conditions caused
by water saving regimes change the soil environment, which may strengthen the nitrogen conversion
process, including nitrification-denitrification and
mineralization, thus adding to the risk of nitrogen
leaching. Successful implementation of rice watersaving irrigation needs to fully consider this negative
effect.
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new chemicals in the soil that are closely bound to
soil clay and organic matter [25]. Therefore, in terms
of concentration, the leaching risk of phosphorus
from farmland is usually low.

of N leaching losses in percolation water during the
rice growth season in the region with similar condition. NH4+-N and NO3--N accounted for 47.7–51.5%
and 28.4-33.3% of the TN leaching losses, respectively.
The concentration value of nitrogen and phosphorus is an important aspect of assessing the leaching risk. Effective measures should be taken to restrain high NH4+-N concentrations in percolation
water during the rice growth season in the lower
reaches of the Yangtze River. Nitrogen fertilizer application was the predominant factor of NH4+-N concentrations in percolation water. The NH4+-N and
TN concentrations in percolation water for different
treatments showed a regular pattern of SAI >CIFI
during the most time of the rice growth stage but for
the NO3--N concentrations was CI > SAIFI. Thus,
SAI had the highest risk of TN and NH4+-N leaching
losses among the three treatments, followed by CI.
Compared to long-term submerged irrigation (FI),
the alternating wet and dry conditions caused by water saving regimes change the soil environment,
which may strengthen the nitrogen conversion process, thus adding to the risk of nitrogen leaching.
This negative effect need to be taken into consideration when implementing the rice water-saving irrigation. The TP concentration in percolation water remained low and followed a decreasing trend during
the whole rice growth season, except two peak values after tillering fertilizer and panicle fertilizer application, but P leaching losses are also not negligible. However, considering the amount of percolation
water, leaching losses of TN and TP for FI were
more than SAI and CI. Considering this, CI is more
suitable than SAI. The amount of percolation water
is the decisive factor in determining the total amount
of nitrogen and phosphorus losses. Irrigation should
be avoided when the nitrogen and phosphorus concentrations are high and water saving irrigation management and fertilization should be better combined.

 (4+  2,(*/04. 2588,8 +:704. 9/, 70*,
.75<9/ 89(., Table 3 shows the N and P losses
through leaching and average concentrations during
the rice growth stage. NH4+-N and NO3--N accounted for 47.7-51.5% and 28.4-33.3% of the TN
leaching losses under different water managements.
Leaching losses of NH4+-N, NO3--N, TN and TP for
FI were 9.529 kg ha-1, 6.024 kg ha-1, 19.896 kg ha-1,
0.314 kg ha-1, respectively, which were the maximum values among different water managements.
Leaching losses of NH4+-N, NO3--N, TN and TP for
CI during the rice growth stage were significantly reduced by 42.79%, 36.80%, 42.54% and 46.13%, respectively, compared to the FI. Leaching losses of
NH4+-N, NO3--N, TN and TP for SAI were between
FI and CI, which were reduced by 6.10%, 18.01%,
12.63% and 14.62% compared to FI, respectively.
Although the higher average concentrations of
NH4+-N, NO3--N and TN during the rice growth
stage compared to FI, NH4+-N, NO3--N and TN
losses through leaching for SAI and CI were significantly less than FI. There were no significant differences in the average concentrations of TP during the
rice growth stage between CI and FI, which were
slightly lower than SAI. Leaching losses of TP during the rice growth stage for all treatments were FI >
SAICI, but only ranging from0.15–0.35 kg ha-1.
This proves that loss amount of P through leaching
during the rice growth stage is less not negligible
though the leaching risk of phosphorus is usually low
in terms of concentration.
The concentration value of nitrogen and phosphorus is important for assessing the leaching risk.
The amount of percolation water is the decisive factor in determining the total amount of nitrogen and
phosphorus losses. As such, future research efforts
can be directed toward determining reasonable N
and P fertilization date and fertilization method to fit
the water condition of the field. The knowledge of
how to better combine water saving irrigation management and fertilization to reduce N and P leaching
losses and minimize the risk of water eutrophication
in this region is worthy of important research.
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Under the present experimental conditions in
the lower reaches of the Yangtze River, the peak values of TN and TP concentrations appeared after 3-5
days of tillering fertilizer and panicle fertilizer application. The leaching loss of TN in the rice growing
season mainly occurred from June to August and the
high fertilizer input was in this period. The results of
this study showed that NH4+-N was the major form
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There are multiple effects of human induced
like dams on river ecosystems. Transforming the
river into a lake, dams interrupt the continuity of
river flow to downstream, affecting the water quality as well as biodiversity and behavior of the species in the river stretch below the dam. There can be
an environmental filter through which only the
species exhibiting strategies adapted to the new
environment. In order to pass through environmental filter fish must be adapted to, or they must be
able to change their behavior according to hydrological changes in the new environment. Otherwise,
they have to migrate to an appropriate medium if
they find on the river. A similar situation arises
when two different dams (Suat Ugurlu and Hasan
Ugurlu Dam Reservoirs) are built on the river in
Yeşilırmak river basin.
The aim of this study was to determine hydrological effects on fish population and the water
quality of the River Yeşilırmak (Turkey). In the
study, an assessment of water quality varieties between lotic and lentic habitats on Yeşilırmak River
(Turkey) is presented. Seasonal samples were taken
from April 2008 to July 2009 at 9 sampling sites of
riverine and dam lakes built on the river. According
to the results of analysis of some water quality
parameters; water depth, turbidity, current speed,
chlorophyll-a and nutrients of water significantly
varied between dam and river sections of
Yeşilırmak. Existence of dams have clearly formed
spatial differences between river and lakes in terms
of fish species. On the other hand, water quality
data indicated that river and dam lake water had
water quality classes ranging from 1 to 3. It seemed
that intensive agricultural, industrial and anthropogenic activities could be responsible for creating
this variability in water class level.

Developing countries that are not rich in fossil
energy resources, such as natural gas and oil are on
the verge of maximizing the use of their hydroelectric water capacity. This causes changes in ecological structure of many rivers which in turn causes
many species to be destroyed or threatened. Although the energy generated by hydropower power
plants is within clean and recyclable energy category, ecological problems can arise if the rivers are
turned into the lakes [1, 2].
Dams have positive and negative impacts on
the environment as well as benefits such as controlling river regimes, preventing floods, obtaining
domestic and irrigation water from stored water and
generating energy. The ecological effects of dams
can be classified according to different criteria such
as long-term and short-term effects, impacts on
surrounding regions, and areas where dam services,
social and non-social effects, beneficial and harmful
effects. These effects may be ordered in an intensive and complicated manner like climatic, hydraulic, biologic, social, cultural, archaeological etc. [3,
4, 5, 6].
For example; This is an important intervention
in nature if the precautions of the streams that provide the sustainability of the existing ecosystem in
the basin are prevented by human influence. In
particular, dams built in front of large rivers containing high energy are highly likely to have different effects on the rivers above the dam. Above the
dam, the stream environment is about to change the
lake, while below the dam there is a stream environment with a changed flow regime. Physicochemical water quality such as depth, water temperature, flow, nutrients change in the pre-dam lake
environment and the ecosystem changes into lake
ecosystem over time. It is a known fact that the
climate of the region changes, primarily the increase in moisture content and precipitation after
the construction of the dams.
Excessive conditions such as drought or unexpected flooding can occur with an undesirable decrease in the amount of water as the river regimes
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The effects of dams are not only on the river
ecosystem but also on their impact on the marine
ecosystem. The construction of dams on naturally
flowing rivers tends to decrease discharge of surplus water into the sea. The reducing nutrient concentration in estuaries and coastal waters diminishes plankton blooms as well as fish landings. On the
other hand, depletion of nutrients and organic matter along with reduced mud and silt deposition
affects benthic life on the continental shelf and so
reduced mud and silt deposition lead to coastal
retreat [15]. Humborg et al. (1997) reported in a
study that the construction of dams on the Danube
River indicates that significant changes are observed in the surface waters of the Black Sea [16].
The reduction of dissolved nitrogen and silica,
which is carried by the Danube due to dams, indicates that the phytoplankton composition of the
Black Sea has changed from diatoms to coccolithophore and dinoflagellates. For this purpose, in this
study, the effects of Suat Ugurlu and Hasan Ugurlu
dams on the river ecosystem will be evaluated using
Principal Component Analysis in terms of physicochemical water quality parameter changes and fish
species composition and densities in river areas
around dam reservoirs.


")'!(#")$(

(@A1E.>2. This study was carried out in the
lower basin of the River Yesilırmak in Turkey. The
river originates within the Kose Mountain located
on the northeastern parts of Turkey and flowing
into the Black Sea near Çarsamba, a district of
Samsun. The river, which is the second longest
river (529 km) of Turkey, contains three main
branches Kelkıt, Çekerek and Tozanlı. The natural
flow of the river is interrupted by five main power
plants which were built on the River Kelkit
(Kılıçkaya Power Plant), on the River Tozanlı (Almus and Ataköy) and on the main channel (Hasan
Ugurlu and Suat Ugurlu).
This study was performed on the lower portion
of the river basin at consecutive nine stations. Three
sites (1,2,3) (BÇ) were located on the downstream
just below Suat Ugurlu Dam Lake, which was constructed in 1981 for production of electricity; four
of them were placed within the Suat Ugurlu (4,5)
(SUBG) and Hasan Ugurlu Dam Lakes (6,7)
(HUBG), two stations for each lake; and finally two
of them (8K and 8T) (BG) were located on the
Tozanlı and Kelkit branches flowing into Hasan
Ugurlu Dam Lake after joining to each other near
Erbaa, district of Tokat (Figure 1).
The study area contains 2 dam lakes, Suat and
Hasan Uğurlu, as well as the river sections below
and above the dam lakes (Figure 1). Originating at
the Mount Kose to the east, the Yeşilırmak River
continues to flow through Canik Mountain and

change with the construction of dams. In these
cases, besides the vegetation on the riverside, living
things and sensitive organisms in the river are adversely affected. After discharge, some toxic substances (pesticides, heavy metals and organic pollutants, etc.) may reach a level that can threaten
aquatic life [7].
Hydrological modifications can adversely affect the ecological structure and water quality of
river systems. In a study of Manwan and Dachaoshan Dam from Lancang River in China, the
dam construction and operation has various impacts
on water quality and water self-purification capacity as from pre-dam period to dam working period,
the dam affected reservoir water quality negatively
in dry season and did little in flood season and then
to the next 5 years after the closure of the dam, the
dam affected reservoir water quality positively in
both dry season and flood season [8]. Some significant disadvantages can occur in the river basin,
such as interruptions and changes in the downstream flow of the water through the dam construction, formation of reduced areas of water cover in
the river bed, changes in species number and distribution in riverine types and other organisms in
terms of aquatic life, suspension and sedimentation.
It even brings water-borne diseases (typhus, typhoid
fever, malaria and cholera) due to the swampy areas
that occur to humans, and it can narrow down residential areas such as cities and rural areas [9].
Dams expand the water area by stopping the
river flow, accumulating water, increasing depths,
reducing flow rates considerably and reducing the
spread and dilution of pollutants. Thus, the risk of
eutrophication will increase as the concentrations of
nutrients such as nitrogen, phosphorus and potassium in reservoir waters. On the other hand, the
amount of pollutants will increase with time, decreasing the dispersions and dilutions because more
toxic discharge for the creatures’ decreases. Therefore, with the establishment of reservoirs on the
rivers of dams, economic and social benefits as well
as many ecological problems, hydrological changes
and water quality deterioration will occur [10, 11].
The dams that set the natural flow of the rivers
can not only change the hydrology of the rivers but
also the physical, chemical and biological properties of the rivers by converting the moving river
waters into still lake waters [12]. Biological surveys
such as water temperatures, fish migrations and
changing flow regimes, which are ecological effects
of dams are critically important. However, more
frequent geomorphological changes are the key to
understanding the long-term ecological consequences of dams and the deterioration of rivers
[13]. At the same time, dams and reservoirs have
effects and hazards on hydrological system and
river dynamics, physico-chemical cycles, soil, surface and groundwater quality and environmental
toxicity and ecosystems [14].
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passes through the Carşamba Prairie, spreading out
water quality meter. The other parameters such as
there, and then flows into the Black Sea. The River,
turbidity, salinity, pH, electrical conductivity and
519 km in length, consists of the confluence of 3
nutrients like nitrite, nitrate, ammonium and Ortomain tributaries: The Kelkit, Çekerek and Tozanlı
phosphate were measured with a WTW Photo flex
streams. There are 5 power plants on the river,
Turb-Photometer in the field and the laboratory of
namely Kılıckaya on the Kelkit Streams, Ataköy
Faculty of Agriculture in GOP University. Water
and Almus on the Tozanlı Stream, and Suat and
flow speed was determined with a current meter
Hasan Uğurlu on the river near the mouth. Suat
(Global Water Brand FP 201 model). Fish samples
Uğurlu Dam Lake is located at the latitude of
were supplied with gill nets in lake stations and net
41°03ʹN and the longitude of 36°40ʹE (Figure 1). It
fishing and electro-shock device in river stations.
is 60 m above sea level. The reservoir has a maximum depth of 25 m, a length of 382 m, and a surface area of 10 km2. The maximum inflow (5×107
'(*!)(#(*(($#
m3 s-1) to the reservoir occurs in spring and the

minimum (25 m3 s-1) in fall. The reservoir was
%5E?60;052960.8C.@2>=A.86@E<.>.92@2>? 
created in 1982 for irrigation and power generation.
Water temperature ranged from 6.8 (February 2009Station 6) to 29.4 °C (July 2008 Tozanlı, Station 8)
(.9<86:4<>;@;0;8?.:1C.@2>.:.8E?6? Wawith a mean of 16.96 °C along the study. Mean
ter samples were collected seasonally between
water temperature between stations differed statistiApril 2008 and July 2009 at 9 sites located along
cally (F8.40=3.50; P=0.038) (Table 1 and 2). Mean
the river and dam lakes built on the river. Water
water temperature of station-3 at the exit of Suat
samples in dam lakes and deep river sites (Sites 1
Ugurlu Dam Lake (14.87 °C) was statistically difand 8K) were collected by Vondorn bottle [17]. For
ferent from the temperature of station-6 and 7
each sample, water samples were carried in ice(18.95 °C and 19.07 °C). Mean water temperature
blocks in cold box and analyzed in a Laboratory at
was significantly different between months
the Department of Fisheries and Aquaculture, Gazi(F5.40=89.89; P=0.001). The highest mean water
osmanpasa University.
temperature was in July 2008 and 2009 and the
Water temperature, dissolved oxygen, salinity
lowest mean 8.42 °C in February 2009. It was deand conductivity were measured with an YSI-85
termined that there was a significant correlation
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solved oxygen and NO3-N (r=0.47; P=0.009) (Figure 2).
The water depth in the dam lakes ranged from
8 m (July 2009) to 100 m (Station 7) with a mean
value of 46.35 m, while water depth in the river
sites ranged from 0.41 (November 2008-Tozanlı) to
4 m (July-Station 1) with a mean value of 1.63 m
(Table 1 and 2). The depth was analyzed with nonparametric Friedman test because the depth data
were not normally distributed. Although the depth
of Station-7 in Hasan Ugurlu Dam Lake was different statistically than those of the stations in other
dam lakes, it was determined that the depths of
stations in other dam lake was different (S=43.13;
P=0.000). The depths of riverine stations were
statistically different from the other. The depths of
stations according to the months have not showed
any difference (S=43.17; P=0.000). There was a
significant correlation between the depth and only
pH as a recorded environmental parameter (r=0.39;
P=0.004) (Figure 2).
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between water temperature and some environmental
water parameters like electrical conductivity
(r=0.56; P=0.000), pH (r=0.28; P=0.042), dissolved
oxygen (r=-0.35; P=0.009), NO2-N (r=0.31;
P=0.021); NH4-N (r=0.53; P=0.000) and Chlorophyll-a (r=0.38; P=0.004) (Figure 2).
The current velocity reached the highest value
(2.00 m s-1) at the station below the Suat Uğurlu
Dam Lake and lowest value (0 m s-1) (November
2008, Station 1) in the river section opening to the
Black Sea (Table 1 and 2). The mean current velocity during the study period was 0.76 m s-1. According to the results of statistically analysis of data,
water current velocity showed meaningful difference between both stations and months. The recorded mean current velocity in 2008 (0.89 ms-1)
was determined higher than that of other months
(F8.40=10.14; P=0.001). Mean current velocity in all
riverine stations was different statistically. There
was a significant correlation between current velocity (r=0.48; P=0.008) and the parameters of dis-
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ure 3).
Dissolved oxygen in water is required as 9.211.5 mgL-1 for Salmonids and as 5.00-9.00 mgL-1
for Cyprinids (Çelikkale, 1994). On the other hand,
it has been advised that the lowest dissolved oxygen
concentration should not be below 6 mgl-1 in freshwater medium (US EPA). Dissolved oxygen
reached the maximum concentration of 14.80 mgL-1
and minimum concentration of 0.05 mgL-1 (November 2008; Station 1), with a mean value of 9.71
mg L-1 (Table 1 and 2). In general, while mean
dissolved oxygen concentration in winter, spring
and at the beginning of summer (June 2009) was
high comparatively, the lower level of dissolved
oxygen was recorded in summer and autumn
months. In these seasons, the decrease in water
level and the increase in water temperature could
decrease the dissolved oxygen in water. This variation was described as statistically significant
(S=21.25; P=0.001). Although the highest mean
dissolved oxygen concentration was obtained in
Suat Uğurlu Dam Lake’s stations, Tozanlı and
Kelkit riverine stations and the lowest mean dissolved oxygen concentration in 1st station, the mean
dissolved oxygen variations between stations were
not significant (S=9.12; P=0.332). It was determined that the dissolved oxygen has a positive
correlation with temperature and salinity (r=-0.35;
P=0.009) comparatively (Figure 3).
According to observations when the lowest
dissolved oxygen conditions (0.55 mgL-1 and station 1); process water of the nearby sugar factory
station that left directly across the river without
subjecting any processing, station 1,2 and 3 is that
the upper portion located closed to obtain long-term
power of the Suat Ugurlu floodgates and it was
observed that water left. It was even observed in the
salinity measurements that the saline water came
from the mouth of the river because of the decrease
in water level at 1st station. Except for such anthropogenic effects and the occlusion of dam covers,
dissolved oxygen conditions are not likely to threaten living life or even provide optimal conditions.
As a matter of fact, the average dissolved oxygen
content did not fall below 8 mgL-1 both seasonally
and between stations except for the 1st station (Figure 3).
During the study, the turbidity value varied between 37.17 NTU average between 0.18 NTU (July
2008 station 7) and 418.10 NTU (April 2008 8th
Station). The highest mean turbidity value was
determined at 8th and 9th stations (141.93 NTU and
90.31 NTU) while the lowest value (3.95 NTU) was
detected at 7th station in Hasan Ugurlu Dam Lake
(Table 1 and 2). Stations 8 and 9 are located in the
study area ahead of the dams and are named as
Tozanlı and Kelkit. These rivers bring home wastes
and rainwater of the settlements they call. These
streams combine to form the Yeşilırmak. Both of
them are observable from the land observations that

The conductivity value varied from 105.40
(February 2008, Station 6) to 819.50 μS (November
2008, Station 1) with a mean value of 407.33 μS.
Mean conductivity had a statistical difference between stations (S=20.18; P=0.010). The highest
(542.74 µs-1) and the lowest (320.12 µs-1) mean
conductivity were recorded in Tozanlı (Station 8)
and in Hasan Ugurlu Dam Lake (Station 6) (Table 1
and 2). Although the difference between these stations was statistically significant, there was no
difference between the other stations. The difference between mean conductivity belonging to
months were statistically significant (S=28.68;
P=0,000). It was determined that the difference
between the highest mean conductivity (483.78 µs1
) (July 2009) and the lowest mean conductivity
(290.66 µs-1) (February 2009) was statistically
significant. Mean conductivity in summer times
were higher than autumn and spring generally.
There is a significant correlation between salinity,
conductivity (r=0.88; P=0.000) and dissolved oxygen (r=-0.41; P=0.002) as expected (Figure 2).
The maximum, minimum, and mean pH values were 8.84 (April, 2008; Station 6), 6.95 (April,
2008; Station 8), and 8.11, respectively. pH value
did not vary much among the sites (Table 1 and 2).
The pH value of an aquatic medium should not
exceed the limits as 6.5-8.5 due to being usable for
aquaculture and no threat for aquatic life [18].
While low pH values were determined in autumn,
winter and spring seasons generally, it showed an
increase in summer times, comparatively. pH values in the stations of dams were higher than those
of riverine sites. But there were no statistically
significant variations between stations and months
(F8,40= 1.28; P=0.2804 stations, F5,40=1.05;
P=0.4009). And there were also positive correlations between pH and depth, turbidity (r=-0.67;
P=0.000) and NH4-N (r=-0.28; P=0.037). According to monitoring of pH, the water of study area had
an alkaline character (pH: 8.11) and an appropriate
life medium for fish (Figure 3).
The water during the study exhibited freshwater features, with salinity ranging from 0.00 (November 2008; Station 9) to 0.50 ppt (November
2008; Station 1), with a mean value of 0.21 ppt
(Table 1 and 2). There were no significant variations between stations (F8.40=1.94; P=0.0802) although the highest salinity (0.30 ppt) concentrations
in Station 8 and the lowest salinity (0.18 ppt) in
Station 3 were obtained. Although the highest mean
salinity (0.23 ppt) in July 2009 and the lowest mean
salinity (0.19 ppt) were recorded, this variation was
not statistically significant (F5.40=1.94; P=0.7959).
Salinity concentration that decreases the dissolved
oxygen saturation had only positive correlation with
dissolved oxygen in water (r=-0.35; P=0.009). The
highest salinity was measured in river mouth (Station-1) due to marine water effects and domestic
and sugar refinery waste water in other points (Fig-
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Water Pollution and Control Regulation According
to the Continental Water Resources Classification
system, the average and highest Nitrate nitrogen
values indicate first class water quality grades and it
is stated that they can be used as drinking water,
animal production and agricultural irrigation source
in order to process water resources having these
standards. There was no statistically significant
difference between mean values of stations and
months (S = 2.28; P = 0.971). NO3-N has not been
found to have a significant correlation with any of
the measured environment (Figure 4).
Nitrite nitrogen (NO2-N) varied from 0.0
mgL-1 (November 2008 station 1) to 0.10 mgl-1 with
an average of 0.03 mgl-1. The highest mean nitrite
nitrogen concentration (0.038 mgL-1) was recorded
in April 2008, while the lowest value (0.024 mgL-1)
was recorded in July 2008 (Table 1 and 2). When
the average nitrite nitrogen values are evaluated
according to the Continental Water Quality Standards, the second class water quality standard
emerges. Seasonal nitrate nitrogen concentration
values did not fall below the second grade water
quality class in all study periods (Figure 4).
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the deposits are high rivers and their beds are quite
large. Therefore, the highest turbidity values were
recorded at these stations. On the other hand, because of the decrease in the flow rate at the dam
stations and the formation of a large mass of water
and lake, suspended sediments are precipitated and
the turbidity decreases, even the lowest turbidity
values are recorded. While the difference between
these two stations was statistically different, no
statistical difference was found between the other
stations (S=33.60; P=0.002). The difference between the mean turbidity values of the months was
statistically different (S = 19.35, P = 0.000) as it
was at stations. The highest average value between
the months (91.40 NTU) was reached in April 2008
and the lowest average value was reached in July
2008. Naturally Turbidity values generally increase
in rainy seasons, while the lowest values are found
in arid summer months. Turbidity was found to
have a significant correlation with the measured
parameters only with N02-N (r = 0.46; P = 0.002)
(Figure 3).
Nitrate nitrogen (NO3-N) varied from 0 to 7.40
mgl-1 (April 2008 5th Station) throughout the study
with an average of 0.33 mgl-1 (Table 1 and 2). T.C.
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vember 2008 7th Station) and 2.80 mgl-1 (February
2009 7th Station) throughout the study with an average value of 0.88 mgl-1. According to the continental water quality standards Orthophosphate phosphorus in general, a very dirty water quality standards have been caught in the fourth class. The highest average phosphorus (1.24 mgl-1) and the lowest
(0.63 mgl-1) phosphorus were determined in February and July 2009, respectively. However, this
change in stations was not statistically different
(F5,40=1.24, P=0.3074). Similarly, with the highest
mean concentration (1.1 mgl-1), the lowest value
(0.59 mgl-1) was found in the 6th station 5. The
mean values of the stations were not statistically
different (F8,40=1.24, P=0.9005). The water quality
standard, which is expressed as very polluted in
terms of orthophosphate phosphorus, clearly indicates the effects of domestic wastewater containing
detergent pollution. It is observed that this situation
applies to all stations and all seasons (Figure 4).

This change between monthly average values
was not statistically different (F5.40=1.11;
P=0.3692). According to the stations, the highest
mean value was obtained at the 8th station (0.06
mgl-1) and the lowest value was obtained at the 1st
station (0.02 mgL-1). Only the water quality values
of Tozanli Stream are at the 3rd grade level in terms
of nitrite nitrogen, while the second grade water
quality class is mentioned at other stations. It can be
argued that this situation may be caused by municipal wastewater and rain water which sweeps agricultural land. This change in stations was statistically significant (F8.40=3.91, P=0.0017). 8. Although
the average value of the station was determined
differently from the average values of all other
stations, it did not show any statistical difference
between the average values of the other stations. It
has been found that nitrate nitrogen has a significant correlation with ammonium nitrogen (NH4-N)
(r=0.992; P=0.000) and Ortho-phosphate phosphorus (PO4-P) (r=0.329; P=0.015) (Figure 4).
Ammonium nitrogen (NH4-N) varied from
0.02 mgl-1 (November 2008 stations 5 and 7) to
1.30 mgl-1 with an average of 0.53 during the study
period. The highest concentration (0.89 mgL -1) of
the average ammonium nitrogen concentration was
found in February 2008, the lowest (0.26 mgl-1)
average was in June 2009 (Table 1 and 2). According to the Water Quality Standards of the Continent,
it is evaluated that the water quality class is 1st
grade according to the average values in terms of
ammonium nitrogen. The values measured according to the seasonal changes and stations show the
first grade. The mean concentration in February
was found to be greater than the mean concentrations in other months (F5,40 = 8.34; P = 0.0001). A
mean concentration of the highest (0.73 mgl-1) was
found at the 8th station, while the lowest concentration (0.35 mgl-1) was found at the 6th station, but no
statistical difference was found between the average
concentration values of the stations (F5,40=8.34; P =
0.0001). Ammonium nitrogen was found to have a
significant correlation with only orthophosphate
phosphorus (r=-0.34; P=0.012) (Figure 4).
Nitrogen compounds, in terms of environmental water quality, also contain toxic compounds as
well as disrupting oxygen balance. In terms of
Ammonium Nitrogen with the most toxic characteristic, the 2nd grade water quality (Clean) character is
appeared predominantly in terms of Nitrite nitrogen
which is toxic to the 2nd place in all the stations in
the study area which contains 1st grade water quality (Very clean). In terms of nitrate nitrogen, which
has the lowest level of toxicity, there is no significant environmental problem because first class
water quality is seen. Therefore, it can be said that
there is no critical anthropogenic effect in terms of
nitrogen compounds in stations representing the
study area on Yeşilırmak. Orthophosphate phosphorus (PO4-P) was changed between 0.06 mgl-1 (No-

(<.@6.8 6?@>6/A@6;: ;3 6?5 (<2062? #A9
/2>  During the study, it was determined that the
3rd station had 20 different fish species and the
most fish species, while the other stations contained
7 to 9 fish species. In general, it has been determined that the number of fish species in river areas
is relatively higher than that in dam lakes (Figure
5). The average number of species also showed a
similar change in stations. It has been determined
that the highest average fish species has the third
station (9.33) and the lowest average fish species
has the second station (2.16). This spatial variation
of the average number of species was statistically
significant (F8,40=6.19). The average number of
species in the third station was not different from
the number of species in the second, fifth and sixth
stations (Figure 5).
%>6:06<.8 ;9<;:2:@ :.8E?6? ;3 ,.@2>
&A.86@E .@. %  We applied the PCA test to
determine the impact of human-generated habitat
change on water quality such as a dam. The principal component analysis revealed four components
that account for 92% of the variation in environmental parameters. The first component (PC1)
explained 53.6% of the changes occurring in the
data and the second component revealed 20%.
These two components accounted for 73.6% of the
total change in the data (Table 3).
From the parameters, depth, flow velocity and
turbidity were the most important parameters (higher than 0.60) describing the changes that took place
throughout the first component. Among other parameters, pH, chlorophyll-a, water temperature and
nitrate nitrogen were identified as other important
factors explaining the changes occurring throughout
this component. The PCA 1 has separated the deep
dam lake stations (4, 5, 6, and 7) from the river
stations. PCA 1 axis, which is positively associated

6014

6!3

+(0)$ 8+  , %$. 





-$.$*'0.*1'-+*)$*/ (0(($/'*


with flow velocity and turbidity, distinguishes river
areas where these characteristics predominate from
other stations. If Figure 6 is considered as four
equal panels, the first panel (+, +) in the upper right
corner will show the turbidity, flow rate and the
nutrient elements and high dissolved oxygen in
April (the river stations 1, 2, 3, 8 and 9) and 1st and
8th stations in June 2009; With the first 3 stations of
the other months except April, where the second
panel in the lower right corner contains again flow

rate, turbidity and temperature, conductivity and
chlorophyll-a, November and July 2008 and 2009,
8th and 9th stations, panel on bottom left corner
shows depth, pH and high temperature and chlorophyll-a in June and July 2008-2009 of 4th, 5th and
6th stations; 4th panel on the left upper corner represents in June, November and February of 4th and 5th
stations and 6th and 7th stations belonging to April,
June and February (Table 3) (Figure 6).



*'
5.:42;3@;@.8:A9/2>;336?5?<2062?.00;>16:4@;?@.@6;:?

)!
)52>2?A8@?;3%>6:06<.8;9<;:2:@:.8E?6?;3C.@2>=A.86@E1.@.
;9<;:2:@?
% 
% 
%
%
);@.8B.>6.@6;:
Eigenvalue
0.536
0.199
0.143
0.042
1.000
Cumulative % variation of data
53.60
73.60
87.90
92.10
%>6:06<.8;9<;:2:@?
%.>.92@2>?
% 
% 
%
%
Depth
 
0.41
0.19
-0.01
Flow speed

-0.08
-0.21
-0.07
Water temperature
-0.34
 
0.25
-0.50
Electrical conductivity
-0.05
-0.22
0.27
 
pH
 
-0.25
-0.14
0.14
Salinity
0.14
-0.09
0.20
 
Dissolved oxygen (DO)
0.01
0.27
0.12
0.47
Turbidity
 
0.31
0.51
0.00
N03-N
0.05
0.24
-0.31
0.06
N02-N
0.31
0.24
0.13
0.05
NH4-N
0.40
0.16
0.05
0.16
P04-P
0.15
0.06
-0.11
0.26
Chlorophyll-a
-0.48
  
0.51
0.12
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$#!*($#(
substantially modify fish assemblages in the nonimpoundment sections of rivers. After excluding
river size and land-use influences, their results
In general, it has been determined that the
clearly demonstrate that dams have significant
number of fish species in river areas is relatively
impacts on fish biotic-integrity and habitat-andhigher than that in dam lakes (Figure 5). The aversocial-preference indicators.
age number of species also showed a similar change
A study in the headwaters of the Lancangin stations. It has been determined that the highest
Mekong
River in the south-western Himalaya
average fish species has the third station (9.33) and
Mountains (Qinghai-Tibetan Plateau, China) has
the lowest average fish species has the second stabeen showed that dam construction and operation
tion (2.16). This spatial variation of the average
has various impacts on water quality and water selfnumber of species was statistically significant
purification capacity of different segments in dif(F8,40=6.19). Same results were reported by many
ferent periods. In general, the construction of
researchers that the reservoirs have generally much
Manwan Dam negatively affected the water selfmore species than the riverine environments it repurification capacity of reservoir and below-dam
places [1, 19, 20]. Wang et al. (2011) found that
segment but impose little impact on that of downenvironmental factors that influence fish assemstream flowing segment [8]. In this study where the
blages in addition to dams should be incorporated
water quality changes in the river Yeşilırmak was
when evaluating regional effects of dams on fish
examined due to the construction of two different
assemblages [21]. On the other hand, they exdams on the river as a habitat change, the difference
plained that the role of dams alone in determining
in depth and flow speed between the river and the
fish assemblages at a regional spatial scale is relalake stations is certainly not discussed. In both
tively small (explained less than 20% of variance)
habitats it is highly probable that the number and
compared with the other environmental factors,
species of live individuals are different. Because
such as river size, flow and thermal regimes and
when the water is stagnant and deep in the lake
land uses jointly. However, their results do demonstations, the river stations are relatively deep and
strate that downstream and upstream dams can
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the water flow is fast (Figure 2). However, this is
not the case in terms of pH, dissolved oxygen and
salinity (Figure 3). On the other hand, there are
significant differences in terms of turbidity (Figure
2) and nutrients (nitrogen and phosphate) (Figure 3)
in two different habitats.
Principal Component Analysis, which is used
to determine the risk factors that are important in
the formation of water quality and pollution of
water resources, is a statistical evaluation method
which is applied by many researchers [22, 23, 24,
25]. In terms of physico-chemical water quality
variables, the principle component analysis (PCA)
was applied to the existing data for determining the
differences between lake and river stations in this
study. According to the results of PCA analysis on
physico-chemical water quality data; water depth
and flow velocity are primary components in the
separation of dam lakes and river stations. pH,
chlorophyll-a, water temperature and nitrate nitrogen parameters are secondary water quality components when these two different environments are
evaluated for aquatic life. Differences between dam
reservoir and river stations are very important in
terms of primary basic components. On the other
hand, in terms of depth, pH, temperature and chlorophyll-a parameters, dam reservoir stations can be
separated significantly from river stations.

[4] McCartney, M.P. and Sally, H. (2012) Managing the environmental impact of dams. International Water Management Institute. 11p.
http://www.ivmi.org.
[5] Heydari, M., Othman, F. and Noori, M. (2013)
A review of the Environmental Impact of
Large Dams in Iran. International Journal of
Advancements Civil Structural and Environmental Engineering – IJACSE. 1(1), 4p.
[6] Flores, J.H., Macari, E. and Flores-Berrones, R.
(2002) Environmental impacts of dams and
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China. Water Resource Manage. 23, 17631780.
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Ecosystem and Its Countermeasures. Journal of
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of Dam and Reservoir Projects: A Review.
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[12]Akın, Ş., Verep, B., Turan, D., Şahin, C., Çelik
K., Bozkurt A., Gözler, A.M. (2010) Determination of Effects of Dams on River Food Web
and Fish Nutrition Habits by Durable Carbon,
Nitrogen and Stomach Analysis Methods; Examples of Suat and Hasan Uğurlu Dams (In
Turkish). TÜBİTAK Project Final Report,
No:107O519, 296p, Tokat.
[13]Ligon, F.K., Dietrich, W.E. and Trush, W.J.
(1995) Downstream Ecological Effects of
Dams. Bioscience. 45(3), Ecology of Large
Rivers, 183-192.
[14]Wildi, W. (2010) Environmental hazards of
dams and reservoirs. Near Curriculum in Natural Environmental Science. 88, 187– 197.

 #$,!"#)(
This work was funded by the TUBİTAK (National Scientific and Technical Council Research
Project of Turkey) with the No.107O519. The authors would like to thank Davut Turan, Kemal
Çelik, Ahmet Bozkurt, A. Mutlu Gözler, Evren
Çetin, Ayşe Araci And Ertuğrul Terzi for their
contribution and assistance in collecting monitored
data.


''#(
[1] Jansson, R. (2006) The effect of dam on biodiversity. In: Johansson, B. and Selberg, B. (eds.)
Dams under Debate. Swedish Research Council Formas, 77-84.
[2] Yi, Y., Yang, Z. and Zhang, S. (2010) Ecological influence of dam construction and riverlake connectivity on migration fish habitat in
the Yangtze River basin, China. Procedia Environmental Sciences. 2, 1942-1954.
[3] Cooper, A.R., Infante, D.M., Daniel, W.M.,
Wehrly, K.E., Wang, L. and Brenden, T.O.
(2017) Assessment of dam effects on streams
and fish assemblages of the conterminous.
USA, Science of Total Environment. 586, 879889.

6017

6!3

+(0)$ 8+  , %$. 





-$.$*'0.*1'-+*)$*/ (0(($/'*


[15]Pandian, T.J. (1980) Impact of dam-building
on marine life. Helgolander Meeesuntersuchungen Helgolinder Meeresunters. 33, 415421.
[16]Humborg, C., Ittekkot, V., Cociasu, A. and
Bodungen, V.B. (1997) Effect of Danube River
dam on Black Sea biogeochemistry and ecosystem structure. Nature. 386, 385-388.
[17]APHA. AWWA. WEF (1985) Standard Methods for the Examination of Water and
Wastewater. 16. Ed. APHA. Washington. DC.
[18]Goldman C., Horn A.C. (1983) Limnology. Mc
Graw International Book Company, Tokyo.
[19]Ebel, W. (1979) Effects of hydroelectric projects on fish populations. In: Hydropower: A
national energy resource. Superintendent of
Documents, LJ:"s. Government Printing Office, Washington, D.C. 170-176.
[20]Ferguson, J.W., Healey, M., Dugan, P. and
Barlow, C. (2011) Potential Effects of Dams on
Migratory Fish in the Mekong River: Lessons
from Salmon in the Fraser and Columbia Rivers. Environmental Management. 47, 141-149.
[21]Wang, L., Infante, D., Lyons, J., Stewart, J. and
Cooper, A. (2011) Effects of dams in river
networks on fish assemblages in nonimpoundment sections of rivers in Michigan
and Wisconsin. USA, River Res. Applica. 27,
473–487.
[22]Zeinalzadeh, K. and Rezaei, E. (2017) Determining spatial and temporal changes of surface
water quality using principal component analysis. Journal of Hydrology: Regional Studies.
13, 1-10.
[23]Kutlu, B., Küçükgül, A., Serdar, O., Aydın, R.
and Danabaş, D. (2016) Assessments of Water
Quality Parameters on Uzuncayır Dam Lake
Using Multivariate Statistical Analysis. Yunus
Research Bulletin. 3, 223-234.
[24]Gajbhiye S., Sharma, S.K. and Awasthi, M.K.
(2015) Application of Principal Components
Analysis for Interpretation and Grouping of
Water Quality Parameters. International Journal of Hybrid Information Technology. 8(4),
89-96.
[25]Parinet, B., Lhote, A. and Legube, B. (2004)
Principal component analysis: an appropriate
tool for water quality evaluation and management-application to a tropical lake system.
Ecological Modelling. 178, 295-311.

'2026B21

002<@21
 



$''(%$##*)$'

A82:@+2>2<
Recep Tayyip Erdogan University
Faculty of Fisheries
53100 Rize – Turkey

e-mail: verepoglu@hotmail.com


6018

"!

 #   





    




####$ %!$#  #(#$# 
#"(#%"&"#

)1*7*;  B0.5-278?* >5B1*7*7*5.A.?* )*>;.$>A.B8?* )1*7-8<$>4*A.? 
+-A6*32=#*298? *>41*;$ <9*7 .;>A.;=*A0><>B 
1

Eurasian National University named after L.N. Gumilev, Astana 010000, Kazakhstan
2
Shakarim State University, Semey 071400, Kazakhstan
3
Pamukkale University, Denizli Vocational School of Technical Sciences, Denizli, Turkey



#$"$

Among these enterprises in the region are
“Zhezkazgantsvetmet”, “Kazakhmys Corporation”
LLC and RSE “Zhezkazganredmet”. The mining and
processing integrated plant “Zhairem Mining and
processing integrated plant” JSC represents the ferrous metallurgy of the region, which is a major producer and exporter of manganese and barite concentrate in Kazakhstan.
Methodology to evaluate the nature and depth
of the anthropogenic transformation of geosystems
was developed by many scientists [1-4]. The modern
land use is taken as the most common of such evaluation criteria [4, 5]. It is necessary to take into account that the present state of any geosystem may be
the result of historically different effects “layering”
variable in the direction and intensity of exposure [6,
7]. For a more accurate picture of geosystems anthropogenic variability, it is necessary to take into
account also the geochemical changes that occur as
a result of anthropogenic impacts, especially if the
research is conducted in areas where technogenesis
processes are active [8].


$"#$ #

The results of a comprehensive assessment of
anthropogenic impacts upon geosystems of Sarysu
River Basin are presented in this paper. The estimating method of the anthropogenic load degree on geosystems is designed and tested. The basis of integrated assessment of anthropogenic load on Sarysu
River Basin geosystems are the summation procedure estimates of analysed parameters subject to
their weighting coefficients and automated zoning of
the area in study according to the level of anthropogenic load.


(' "#
River basin, geosystem, natural resources, anthropogenic
impact, geoinformation systems.

$" %$ 
Analysis of human impact on geosystems is becoming more and more important for the scientific
substantiation of rational nature management. A
comprehensive study of geosystems of Sarysu River
Basin was performed due to ever-increasing human
influence on its environment. In this regard, the
study relevance of the area selected is determined by
the need for new ways to obtain landscape-ecological information necessary to optimize the structure
of nature management of Sarysu River Basin.
The main industry that determined the market
specialization within the territory of the Sarysu River
Basin is metallurgical plants. Nonferrous metallurgy
is represented by the Zhezkazgan industrial unit that
covers all stages of the technological processes from
raw material extraction and enrichment to finished
products received in the form of non-ferrous metals
and their alloys. The industry is represented by a
mining and smelting plant, a copper smelter plant,
processing plants, the casting-mechanical plant, and
the mines. The main products include copper cathodes, refined silver, refined gold, zinc concentrate,
lead dust, sulfuric acid, and salts of rare metals.

In this study, landscape is a research operation
unit for the integrated assessment of anthropogenic
load on geosystems. It is based on a previously made
medium-sized (1:500,000) landscape map of Sarysu
River Basin (Figure 1), which allocates 58 individual
landscapes (Table 1), that as a result of their typological groups and then of their structural-genetic
classification, are arranged in a hierarchical taxonomy: classes (plain and mountain landscapes), types
(semi-desert and desert landscapes), subtypes
(north-desert, south-desert landscapes).
The Sarisu geologic system, as a single intercontinental geologic system is formed by the flow of
the Sarysu River, where the paragenetic and paradynamic complexes function in an exceptionally tense
water balance. The specific features of the modern
physico-geographical conditions for the functioning
and development of the Sarisu geologic system are
the following: the connection between the modern
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The name of landscapes
!5*275*7-<,*9.<
#.62-.<.;=2,
    
5 - Steeply sloping plain with separate dome-shaped peaks and fragments of kaolinite weathering crust, tuffs made, tuff-porfirit,
limestone, sandstone, with sub-forest wormwood and red-feather-grass flora on light-brown underdeveloped and incompletely developed (xeromorphic) gravelly soils.
7 - Steeply-ridged plain with beds of temporary streams composed of effusion-sedimentary rocks, with sub-forest wormwood-fescue
and Kyrgyz-feather-grass flora on light-brown underdeveloped and incompletely developed (xeromorphic) gravelly soils.
24 – Stratum weak-partitioned plain with wormwood, and black-boyalych and tas-anabasis-salsa flora on brown desert undeveloped
gravelly soils.
  
27 - Diluvial-proluvial, slightly inclined, plain with riverbeds, and temporary streams which formed by volcanic-sedimentary rocks
with Artemesia-stipa flora on light-brown normal soils.
.<.;=
8;=1-.<.;=
    
28 - Steeply sloping, hilly plain formed of effusion-sedimentary rocks, with feather-sub-forest wormwood flora on brown alkaline
soils.
29 - Rolling-wavy socle plain with closed basins and erosional outliers formed by clays, sandstones, sands with grass-   
, anabasis salsa and tas-anabasis-salsa flora on brown desert soils.
31 - Gently inclined, slightly undulating, plain with small sands ridges formed by clays, loams, sandstones with  
, anabasis salsa and tas-anabasis-salsa flora on brown desert soils.
32 - Gently inclined, slightly undulating, plain with closed basins and erosional remnants, composed of clay, sand, with the grassblack-boyalych, Anabasis salsa and tas-anabasis-salsa flora on brown desert soils.
33 - Gently inclined, slightly plinth, plain with individual dome-shaped hills, beds of temporary streams and erosional remnants,
composed of limestone, dolomite and black-boyalych with wormwood flora on brown desert soils.
35 - Dissected plain built on horizontal strata with closed basins and erosional outliers formed by limestones, dolomites, sandstones
with Artemesia tas-anabasis-salsa flora on brown desert soils.
  
6- Lake-alluvial-ruffed plain formed by limestone, siltstones, porphyries, tuffs with anabasis sals and artemesia flora on brown
solonetz combined with takyrs soils.
43 - Diluvial-proluvial,gently-waved, plain which formed by clays, loams, gravel-pebbles with grass-  , anabasis
salsa and tas-anabasis-salsa flora on brown desert soils.
44 - Diluvial-proluvial, slightly inclined, plain which formed by clays, sandstones, sands with shrub thickets flora on brown desert
soils.
45 - Diluvial-proluvial, gently inclined, plain with riverbeds temporary streams which formed by clays, sandstones, sands with
wheatgrass, Artemisia terrae-albae-ceratoides flora on brown desert soils.
47 - Eolian hilly-ridge plain with small elevations, with Artemisia terrae-albae-ceratoides and fescue flora on the sands with floodplain meadow soils.
48 - Eolian hilly plain with small elevations with white wormwood-fescue and wheatgrass and grey Artemisia flora on the sands
with floodplain meadow soils [20].
#8>=1.;7.<.;=
    
49 - Rolling-wavy socle plain with closed basins and erosional outliers with anabasis salsa and Artemisiaflora on solonetz.
50 - Undulating plain with closed basins and erosional outliers with grass-   , anabasis salsa and tas-anabasis salsa flora on brown desert soils with solonetz [20].
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activities: Agriculture; water management; mining;
communications and transport (outside the city); urban-industry; recreational; and military (Table 2).
To assess the degree of anthropogenic load on
geosystems the parameters of the medium components violations were considered and geochemical
changes were evaluated. Finally, the classification
models were formed, the parameters of which are associated with a specific anthropogenic load and differ both in kind and in the degree of impact (Table
3). To determine the degree of anthropogenic loading and transformation of all types the point expert
assessment was introduced, showing the relative degree of anthropogenic transformation [5, 10]. For
this purpose, the normalized indicators of anthropogenic load on geosystems were used [11-13]. The
following rules of ecologic limit of the geosystems
allow us to rank the territory according to the degree
of anthropogenic load on geosystems, and moreover,
reasonably use the results to optimize the structure
of nature management [1, 12].
To estimate, the anthropogenic load degree
upon geosystems of the region under study the algorithm presented in the Figure 2 is developed and
used.

nature of the development of geologic system and
the genetic type of deserts; wide distribution of rocky
crumbling, and sometimes karstified subsurface
rock; weak dependence on the degree of functioning
of the geologic system on surface discharge; dependence of the functioning of the geologic system on the
nature of groundwater; the development of intensive
processes of salt accumulation; and the formation of
solonchaks under conditions of a rigid dry hydrothermal regime.
The administrative-territorial division of the
basin is represented by the following units: cities Zhezkazgan, Satpayev and Karazhal; districts of the
Karaganda region - Nurinsk district (10% of the total
area of the district), Ulytau (40%), Shetsky (60%),
and Zhanaarkinsky (100%), and partly Shiyeli (20%)
and Syrdarya districts (10%) in Kyzylorda region,
Sozaksky district (10%) of the South-Kazakhstan region; work settlements - Zhayrem, Atasu, Kyzylzhar, Kayrakty and others. The area of the basin
is 136,628.54 km2. At the beginning of 2017 about
286.8 thousand people live there.
According to the human activities classification
by Gorshkov [9], alongside the results of a retrospective analysis of modern nature management of
Sarysu Basin, we have identified the following

$ 
8-.;7=.;;2=8;2*5<=;>,=>;.8/7*=>;.6*7*0.6.7=8/#*;A<>*<27
Geosystem No.* on the map
(Figure 1)

22*

49

Flat-undulating plain composed of
granite, dolomite, sandstone, with
sub-forest worm wood and featherStipa flora on light brown alkaline
soils with solonetz

Hilly and undulating plinth plain,
composed of limestone, dolomite,
sandstone, with grey-worm wood,
ephemeral-grey, worm wood flora on
solonetz

The prevailing
physic-graphic
processes

The main type of modern human activity
(classification of S.P. Gorshkov)

Mining operations

There is a field of stone
coal Shubarkol, with an
area of 70km2, in central
and western sections

Deflation,
planar erosion,
and alkalinity

Urban and industrial:
The industry companies
Metal working, construction industry, light industry, food industry,
transport, power plants

Towns of Zhezkazgan,
Satpayev; Zhezkazgan
industrial unit (concentrating mill No. 1, 2, 3,
copper smelter, foundrymechanical plant,
power plant, 9 mines,
concrete construction
plant, etc.).

Deflation, linear
erosion, and alkalinity

*

abbreviated data base landscape fragment of 58

$ 
#,*5.8/=1.6*279*;*6.=.;</8;=1.=.;;2=8;AB87270+A=1.*7=1;8980.72,58*--.0;..
!*;*6.=.;
Area of dwelling settlements, %
Population density, number/km2
Transport loading, km/km2
Area of technogenic formations, %
Area of arable land,%
Cattle grazing, heads/km2
Parameter of geochemical change of the
top-soil
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absent
absent
absent
absent
absent
absent

<1
<10
<0.1
<0.5
<10
<10

1-2
10-20
0.1-0.2
0.5-1
10-40
10-20

2-3
20-30
0.2-0.3
1-3
40-60
20-30

>3
>30
>0,3
>3
>60
>30

absent

1

2

3

4
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.,8-2708/<9*,.26*0.<8/=1.<=>-A=.;;2=8;A& 

&.,=8;2B*=2878/8+3.,=<8/*7=1;8980.72,269*,=*<A$;*,.;,# 

.;0.-27=887./*,252=A.;0.;,# 

529*5870=1.0.8<A<=.6,8;-.;<529;,# 

.*<>;.6.7=8/:>*7=2=*=2?.9*;*6.=.;8/2=1/*,=8;5.70=1*;.*.*<>;.*5,>5*=..86.=;A
;,# 

.*<>;.6.7=8/2=1/*,=8;9*;*6.=.;@2=127=1.0.8<A<=.6=.;;2=8;A;,# 
%"
508;2=16=8-./27.=1.9*;*6.=.;<8/*7=1;8980.72,58*-870.8<A<=.6<@2=1;,#<8/=@*;.
The arable land area parameter in the landscape
structure characterizes the land percentage that is
systematically processed and used for sowing crops
[14]. The optimal loading of croplands on the landscape is 30-50% [10] the upper environmental limit
of the influences is no more than 60% [11]. Moreover, the arable land portion is the most informative
in this regard in landscaped areas where soil and climatic conditions allow for the agricultural development of the territory, as land plowing is the direct
destruction of plant components of the geosystem. A
unit of livestock load on the geosystem is the livestock per km2 of agricultural land.
To assess the geochemical landscape changes,
we adopted a parameter of the contamination level
of the environment components. Numerous studies
have found that the soil cover, in general, reflects the
pollution of the environment [15]. The soil cover,
due to its ability to accumulate and keep the substances introduced upon the soil surface with a dry
and wet falling from the atmosphere, is the best object for study and evaluation of environmental pollution [16]. As man-made anomalies are always of a
polyelement composition, in the work we used a
summary measure of soil contamination (A1 horizon) - , which characterizes the excess of background concentrations of trace elements values [17]
through the equation (1):

Multiple key indicators of human impact on geosystems are considered. Population density (people/km2) is the number of inhabitants per unit area
(landscape). We have, depending on the local features of the population resettlement, made up the
scale of population density to assess the anthropogenic load where it is offered to characterize by five
levels: no population - 0 points, less than 10 persons/km2 – 1 point, 10-20 persons/km2 - 2 points, 2030 persons/km2 - 3 points, more than 30 persons/km2
- 4 points.
Truck load (km/km2) is the length of roads per
unit area (landscape). Transportation load on geosystems was determined with the ArcGIS software by
mapping the transport network of the geosystem
(road, rail, and pipeline) and with standard tools the
traffic load density per geosystem was calculated.
Depending on the regional characteristics, the
transport load is ranked by the following values:
none - 0 points, less than 0.1 km/km2 - 1 point, 0.10.2 km/km2 - 2 points, 0.2-0.3 km/km2 - 3 points,
more than 0.3 km/km2 - 4 points.
To determine the degree of anthropogenic load
on landscapes we took areal parameters of disturbed
lands into account. The upper environmental limit of
the man-made structures (quarries, mines, dumps,
etc.) should not exceed 3% of the natural complex
area [12]. Quarrying is generally regarded as an environmentally unfriendly form of activity, as it entails alienation of valuable land and the complexity
of their reclamation. The area of the settlements
within the region type should not exceed 10% [11].
This figure is the upper limit of the environmental
impact on the geosystem.
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GeosystemNo. in
the map
(Figure 1)
1
2
3

Settlements
areas %

Population
density
per/km

Trafficload,
km/km

Area of
technogenic formations, %

Arable land
area, %

Livestock
grazing
heads/ km2

0.15
0.11

0.77
0.11
0.67

0.05
0.05

0.4
-

5
10
-

10-15
5-10
10-15

Parameter of
geochemicalchange of the
top-soil
14
10
15

%" 
$1.0.8<A<=.6<B872708/=1.#*;A<>"2?.;*<27*,,8;-270=8=1.-.0;..8/*7=1;8980.72,58*-
Where  is total parameter of top-soil contamination; - concentration of the -th element in the
soil; - background concentration of the -th element; - the elements number.
The degree of soil pollution with heavy metals
is suggested to rank into four gradations: valid – less
than 16, moderately dangerous - 16-32, dangerous 32-64, very dangerous - 64-128, and extremely dangerous - more than 128 [18]. In assessing the degree
of top-soil pollution with heavy metals it is necessary
to enter the coefficient of geochemical top-soil variability ( ) [19], and it is advisable to assign a weight
to each indicator ranking, as different grades of parameters may occur within one geosystem. To this
end, a rating is assigned to all categories of grading:
valid - 0, moderately dangerous - 1, dangerous - 2,
very dangerous - 3, and extremely dangerous - 4.
In assessing the degree of anthropogenic load
on geosystems the quantitative indicators for each



parameter were transferred into points (from 0 to 4),
which are then summed. The result of the summation
is the integral parameter ( ) [19], through the equation (2):
 
     
(Eq.2)

Where  - number of factors; xi– is a point estimation of  factor;  –weighting coefficient of 
factor.
The weighting coefficients are set by expert
method, based on the parameter ranking according
to the degree of human impact on geosystems. Parameters that characterize these factors form the basis of the zoning (ranking) of the basin territory by
the degree of anthropogenic load. Upon receipt of
the integral parameter ( ) the following graduation
degrees of anthropogenic load on geosystems are
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Natural complexes categorized as experiencing
strong anthropogenic influence are mainly hilly and
undulating plains composed of effusive-sedimentary
rocks (7, 12, 24, 27, 33) and the low mountains composed of schists, gneisses, and sandstones (55b, 57).
A high degree of resistance to anthropogenic influences characterizes them, as well as a relatively high
degree of development, such as the largest settlements of Karazhal town, Zhairem village, etc. These
natural systems experienced a high anthropogenic
pressure for a long time. Here are all kinds of human
impacts. Natural geosystems of these areas are almost completely changed. The environmental management structure by its type is intense-extensive, in
which the mining industry dominates.
The geosystem 49 is attributed to the category
experiencing very strong anthropogenic influence,
presented by hilly and undulating basement plain,
with closed basins and erosional outliers, with  
  and wormwood flora on solonetz. With an
average degree of stability, the area is exposed to the
active anthropogenic load. It is the most densely
populated and industrially developed part of the basin. The population density (31.1 person/km2) and
the area of settlements 2.05% in this sector reaches a
maximum, it is just here where settlements ranked as
towns and townships are concentrated. The development of the mining industry (Zhezkazgan industrial
unit) has led to the transformation of virtually all
components of the environment, and particularly the
topsoil geochemical changes are high.
These results suggest that the geosystems prevail in the Sarysu River Basin territory with weak to
moderate anthropogenic influence. The category of
strong and very strong anthropogenic load degree are
geosystems within which there is a large center of
the mining and processing industry – Zhairem mining and processing integrated plant, Zhezkazgan industrial hub with tailings complex (towns of
Zhezkazgan, Satpayev), which has operated for half
a century, and all the components thereof are infringed here to a great degree.
The analysis revealed geosystems with minimal changes and maximum anthropogenic load. In
general, there is a focal nature of mining production.
The area under study is characterized by the nature
and background of nature management (agricultural), which explains the presence of geosystems
with a mild and moderate degree of anthropogenic
influence.
At the previous stage of work, we have improved and adapted the methodology for assessing
the potential of geologic system resilience to human
impacts. Integral assessment of the stability of the
geologic system of the Sarysu River Basin to human
impact on the basis of component analysis of geologic systems allowed them to differentiate into classes that require different approaches when developing the optimal structure of management of natural
resources [20].

determined: <0.5 - minor; 0.5-1 - weak; 1-2 - average; 2-3 - strong; and 3-4 - very strong.
"#%$##%## 
Both direct and indirect parameters of anthropogenic load on geosystems are used as the information base: the data on the land balance, population
number, etc.; various maps and satellite images, according to which the boundaries of arable land, manmade structures, human settlements as well as the
traffic load for each geosystem was determined (Table 4). As a result of this work the cartographic mapping of anthropogenic load assessment on geosystems (Figure 3) was carried out and the following
regularity is revealed.
By scoring the assessment and ranking the territory of the Sarysu River Basin the geosystems that
experience minor anthropogenic impact occupy
21.2% of the basin territory. Natural complexes are
presented here in its most sloping deluvial-proluvial
plains (30, 31, 32, 34, 38, 40, 42, 43, 44, 51, 53, 56c,
56d, 56d, 58), as well as the hilly-ridge aeolian plains
with small elevations (46, 47, 48). These geosystems, because of their sparse population, do not suffer the least anthropogenic load and have a low degree of resistance to anthropogenic influences.
The category experiencing weak anthropogenic
interference concerns a large group of natural complexes (2, 3, 6, 9, 10, 11, 13, 14, 15, 16, 18, 21, 28,
29, 32, 36, 39, 37, 41, 45, 50, 52, 54), located around
the pool. In its origin geosystems are heterogeneous
and mostly represented by hills and undulating
plains composed of volcanic-sedimentary rocks. Geosystems experiencing weak anthropogenic influence are little populated and have varying degrees of
resistance to anthropogenic influences.
The vast majority of geosystems with an average degree of anthropogenic load takes 22.50% of
the basin - these are areas with a satisfactory ecological situation, mainly the territory of agricultural development, with an abundance of small population
size of settlements. These areas are mainly represented by hills and undulating plains with beds of
temporary streams, composed of loam, clay, and
shale (1, 4, 5, 8, 17, 19, 20, 22, 23, 25, 26, 35), and
the low mountains, composed of schists, gneisses,
and sandstones (55a, 56a, 56b). The area of manmade structures in the ecosystems varies from 0 to
23.5%, the plowing level reaches 20%, and the livestock load reaches 20-25 conventional heads per 1
km2. Geosystems have varying degrees of resistance
to anthropogenic influences. For example, geosystem 22 has the greatest degree of stability, but the
development of the Shubarkol coal mine for a long
time (since 1986) has resulted in the formation of
technological areas with a high rate of top-soil geochemical changes.
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The Sarysu River Basin territory refers to the
semi-desert and desert landscapes with little biological information and weakened water connections,
but with intensive direct air links. The basin geosystems have a set of natural factors that enhance the
pollution processes of geosystems. All this reduces
the centralization, orderliness and self-organization,
and the landscape stability.
1. The economic activity, which is carried out
within the basin is under study, therefore, the key
factors of anthropogenic modification of geosystems
are industrial and agricultural activities: mining operations, hydraulic construction, grazing, also the expansion of residential areas and transport construction.
2. The degree evaluation of the anthropogenic
impact on geosystems is performed, which allowed
the identification of areas with a high degree of geosystems change, as a result of undue influence. As
a result of this work the cartographic mapping of anthropogenic load assessment on geosystems was created. It was revealed that there are geosystems with
a mild to moderate degree of anthropogenic influence on the territory of the Sarysu River Basin. Geosystems, whereby mining and processing complexes (Zhezkazgan industrial hub, Zhairem mining
and processing integrated plant) dominate in the environmental management structure, characterized by
a strong and very strong anthropogenic load, where
all its components are largely violated.
The proposed estimation method of anthropogenic load degree on natural systems more fully reflects the main influencing factors. The anthropogenic load assessment on geosystems is not the end
result of our research. The information obtained
from the anthropogenic load evaluation on geosystems will be interpreted from the point of applied geography to design the optimal structure of natural resources, taking into account indicators of anthropogenic load degree on geosystems, the stability of geosystems to anthropogenic influences and projected
dynamics trends of geosystems in conditions of anthropogenic influences.
It is assumed that the optimal nature management structure does not lead to negative consequences, and does not reduce medium-resource
forming geosystems properties; on the other hand,
imperfect structure of nature, formed without regard
to the landscape features of the territory, leads to disruption and degradation.
The results obtained can be used not only in determining the measures of ecological rehabilitation
of the study area, but can also serve as a model for
improving the geoecological geosystems research
aimed at solving problems of environmental management practices.
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Tillage and water erosion both play important
roles in total soil erosion occurring in cultivated
fields. Water erosion induced channels are often observed on sloping farmlands and these channels are
mostly smoothed by tillage operations, a form of tillage erosion that is largely ignored. Due to the
changes in surface morphology, it is likely that the
presents of channels may affect the movement of soil
by tillage. However to date no research has been conducted to quantify such effects. During this study,
tracer plots were established in a harvest potato field
located in Dezhou, Shandong Province, China, to examine tillage translocation under three treatments:
no channel (control check) (CK), 20 cm (wide) × 20
cm (deep) channel (20×20) and 30 cm (wide) × 30
cm (deep) channel (30×30). The field was set at 15%
slope gradient. Plots were tilled for upslope and
downslope directions. After tillage, tracer redistribution along the path of tillage was used to generate a
summation curve to quantify the movement of soil
particles along the tillage path. Results showed that
both up and downslope tillage operation can move
vast amount of soil and are potentially erosive in all
treatments. The order of soil translocation distance is
CK > 20×20 > 30×30. And this effect is becoming
more obvious when percentile (from 50% to 95%)
increases both in downslope than upslope. The relationship between soil displacement in the up and
downslope direction and slope gradient is described
by a linear equation aim to eliminate the channel effect, and order of soil translocation distance is 30×30
> 20×20 > CK. Moreover, because of complexity of
tillage and water erosion processes, in order to obtain
the more accurate results, the method should take lateral and back translocation functions into consideration. Overall, it was concluded that the existence of
channels can affect tillage erosion due to potential
energy consumptions.

Soil erosion is becoming a serious problem
around the world. Especially in the farmland, soil
erosion has a great impact on soil property, crop
yield, food safety, etc. As major parts of soil erosion,
tillage and water erosion are easily to observed and
contribute to most of erosion in farmland areas [1].
Tillage erosion has been characterized by soil
loss from convexities and soil accumulation in concavities which was also identified as a function of
both the erodibility of a landscape and the erosivity
of the tillage system resulting in more soil erosion
[2, 3]. For its upslope soil smoothing process, it takes
majority of the total soil erosion in cultivated fields.
For decades, the focus of research on soil movement
by tillage has been well known to influence the magnitude of water erosion and other erosion forms [4].
The greatest water erosion form found within the
cultivated fields is rill erosion. This can be identified
as a series of little channels up to 30 cm deep that
can be caused by outer forces (rainfall or tillage) [5].
During months with higher levels of precipitation
with water erodes the topsoil on hillsides, rills beginning to form when the runoff shear stress, shear velocity, etc. [6–9] overcomes the soil’s shear strength
and breaks soil particles free carrying them down the
hillside slope where gravity controls the depth of the
rills and determines the force of the water, which is
the power source to create rills [10]. The tillage process has the same offset as rainfall, tillage tools can
compact the soil to the point where water flows over
the surface providing a better environment for the
creation of rills. After rills begin forming, they are
subjected to a variety of other erosion forces which
may weaken the soil, triggering collapse, increase
the size of the rill and output volume. In general,
sandy and loamy soils are more susceptible to the
formation of rills. Although rills are relatively small,
they can transport significant amounts of soil each
year. In a single heavy rain fall event rill flow has a
carrying capacity of nearly ten times that of the nonrill.
The processes of tillage erosion on water erosion have been massively studied so far. While, there
is a shortage of data with respect to rill parameters

!.,%'(
Water erosion, Tillage erosion, Erosion interaction, Summation-Curve Method
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riod among these areas are characterized by prolonged gentle rains, saturated soils, frequent snowmelts and several cycles of freeze-haw. These climatic conditions could lead to soil structure deterioration. Consequently, erosion hazards increase especially for soils entering the winter in a tilled condition, which indicate that cycling interactions between these two erosion processes should not be neglected. Moreover, for now, related studies have focused on erosion processes individually [17]. So
there is a need to improve the understanding of the
interactions process. Thus, the focus of this paper is
to present straightforward purposes: to examine the
impacts of water erosion on tillage erosion by using
Summation-Curve Method (SCM) and providing a
better understanding of the fundamentals and principles of erosion processes.

and soil erodibility dynamics in sloping field systems where both water and tillage erosion are important processes of soil redistribution [11]. In sloping landscapes, the most intensive erosion by water
usually occurs at middle to low slopes, yet soil
movement by tillage is most severe at the upper
slope positions [7]. So strong interactions may exist
between water erosion and tillage erosion and one
erosion process can increases the erodibility and act
as a delivery mechanism for another. In cultivated
areas, the channels (rills) formed by water or tillage
erosion are sinks for soil moving over the landscape
by any erosion process. Many studies indicate that
tillage erosion increases the severity and extent of
water erosion, but soil loss by water erosion does not
have a clear effect on tillage erosion. By affecting
the variability of soil properties within a landscape,
water erosion has the potential to affect tillage erosion. For example, the purpose of contour tillage is
to prevent water erosion, but the existing rill erosion
factor could increase the probability of contour failure and after that, the concentrated rainwater to
gather increasing the soil possibility of erosion with
high erosive power [12].
To date, numerous studies on soil redistribution
have been conducted on long hill slopes, such as
those in North America and Europe, and have reported that soil redistribution is not only controlled
by water, but also by tillage erosion [11]. As more
attention is paid to relationship between tillage erosion and soil properties using physical tracers [13],
chemical tracers, modeling and field investigations
[14, 15]. With an increase in relevant research, there
is a common view that erosion by tillage occurs at
upper slope positions, while deposition by tillage occurs at lower slope positions within a hilly landscape. Thus, tillage erosion modifies the spatial patterns of landform elements while inducing changes
in soil properties. Recent studies have revealed interactions among differing scenarios of slope gradients,
and tillage operations, tillage methods, and soil properties that affect the magnitude of tillage erosion under either controlled or field management systems
[16]. As the other external force which can change
landform elements, water erosion also has great impact on the tillage erosion processes. However, few
studies have demonstrated the effects of water erosion on tillage erosion other processes of soil erosion
in such sloping areas.
One of the major causes of erosion on Shandong Provinces, China would be the method of farming. The main crop, potato, is intensively cultivated
on land that mostly consists of narrow holdings located on slopes of average to 10% in the upper
reaches. After harvesting, which involves heavy vehicular traffic and leading to severe soil compaction,
most fields lay bare until the following spring. Under
the prevailing conditions, their susceptibility to rill
erosion could be expected to increase. The cool pe-

#)'"($#)%(

D=3>7:3;@/9 23?75; /;2 7:=93:3;@? 23
?1>7=@7<;  Tillage operations were conducted outdoor using a harvest potato field located in Dezhou,
Shandong Province, China with operations conducted between April and July of 2018. The field
was filled with a loamy sand soil. A sweep type tillage tool was used for potato seedbed preparation
which was chosen in the experiments. The sweep is
about 30 cm wide, 20 cm long, and the working function angle of 10°. The tillage depth (T) was 20 cm.
Three treatments (non-channel as a control check
(CK) and channel divided into 20 cm wide by 20 cm
deep (20×20) a channel divided 30 cm wide by 30
cm deep (30×30)) with upslope and downslope tillage were determined. Three reduplicates of each
combination was conducted. There were no overlaps
between the sweeps (4 sweeps in a row). After sampling the entire field, the field was loosened and watered. Additional soil samples to determine the moisture content ( ) and dry soil bulk density () at tillage were taken from each plot location prior to the
tillage operations. Tillage speed (T), T,  and
measurements were controlled during the experiment.
<D =9<@? =>3=/>/@7<; /;2 &9<@ 3?@/097?6
:3;@  For accurate measurement of soil displacement caused by tillage, box plots were constructed
for each tillage implement using Plexiglas side walls
and plywood end walls. The width and height of the
boxes were dependent on the repeating width between tillage tools spacing and the depth of tillage,
respectively. The width of each box plot for the tillage implement was 1.3 m. The length of each box
plot was 0.25 m, a length considered a minimum to
account for the unsteady ﬂow of soil during tillage.
Bottom plates were constructed of plywood and
wood slats were ﬁxed to the sides and ends of the
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samples were taken 5 cm increments in the experiments. Final sampling distances were determined as
the point where no further tracer were found. After all
sampling, recovered tracers were washed to remove
dirt, air-dried and weighed to determine the quantity
of tracer within each sampling increment and the total
percent recovery of tracers ().

plates to secure the plot box in place during plot establishment [18]. To ensure that the buried bottom
plates were not hit by tillage implements during tillage operations, the plot depth was set 5 cm deeper
than the maximum estimated T. Prior to each tillage
operation, plots were placed throughout the ﬁeld perpendicular to the tillage direction. The distance between each plot is 6.0 m. In the plot, a mass of soil
approximately equal to the mass of tracer to be incorporated was removed. The tracer was mixed thoroughly with the soil. Then the soil and tracer mixture
was returned to the box and the soil surface was
again packed down. Finally, the box was removed,
leaving the bottom plate in the soil as a reference
point for sampling after tillage (see Fig. 1).

(A::/@7<;A>B3#3@6<21/91A9/@7<;? The
methods used to calculate the summation curve are
described in detail [27–29]. Tillage translocation was
measured using established methods, which is an estimate of the tracer distribution for a series of sequentially hypothetical plots with a length that exceeds the
maximum distance to which soil is translocated used
to generate a summation curve in order to calculate
mean soil movement in the direction of tillage [27].
Using the SCM, the mean translocation distance per
unit width of tillage and averaged over the depth of
labeled soil () (m) can be calculated as follows (see
Equation 1–4):

)>/13>/;2&9<@?/:=97;5 Colored limestone
(density 2896 kg.m-3), was used as tracers, for all tillage operations. Similarly sized colored gravel and
stone chips have been used with success in previous
tillage erosion experiments [20–26]. To maintain consistency before each tillage operation,  was measured, using approximately 10% of the total mass of
tracer for each plot according to the  changes. Lateral
mixing takes place during tillage; therefore, the sampling width of the plots was extended on both sides of
the field. Sampling frames, 2.0 m by 2.0 m was constructed to facilitate soil sampling. After tillage operations, the edge of the plate was located to be and used
as the baseline position of the plot. Plots were sampled
along the tillage direction to examine forward soil
movement only. Lobb (2001) recommends that sample slices are no more than one-half the length of the
plot, but also suggested that as long as enough data
points are available to generate an accurate summation curve, the accuracy of the summation curve will
not be affected by larger sampling increments [27]. So

∞

0

0

−∞

λ = ∫ (1 − ) − ∫ ()

Where is the sampling distance of each sample slice (m);  is the percentage of tracer quantity
calculated from the summation curve at distance
(kg.kg-1). The right part of Equation 1 accounts for
backward translocation during the upslope tillage process.
The coefficient of experimental error  (defined
as translocation variability) (%): and the mass of
translocated soil per unit width of tillage ()
(kg.m-1) in the following Equation 2:
ε =(

∫

 + 



1 −  

λ + 

) ×100%

  

Tillage direction
Plot establishment
50cm

Box plots preparation
30 cm

2 0cm

2 0cm
50cm
30cm

20 cm

Tracers

(1)

5 cm

Channels were divided into 20 cm wide by 20 cm deep and 30 cm wide by 30 cm deep.
Plot depth=25 cm, tillage depth=20 cm.
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Where  is the maximum sampling distance (m)
and must exceed the maximum translocation distance
() (m);  is the plot length (m). The experimental
error  exists in all modeling calculations, and  should
be obtained in all related studies, and made a better
comparison.
Then, the mean translocation distance of the
tilled layer per unit width of tillage () (m) is calculated:

 = λ




and operational parameters, tracers were mostly concentrated at 0.00–1.20 m sample positions in the
upslope tillage and at a high level beyond 1.00–1.70
m in the downslope tillage positions. Soil profile or
soil redistribution after tillage operation varies
greatly. Previous studies indicated that sweep operations the lateral distance of tracer distribution increased with increasing travel speed [19] and larger
rake angle of the sweep resulting in more soil movement [34]. During this experiment it was observed
there are quantities of lateral tracers displaced. And
the observations suggest that both up and down tillage operations have the capacity to move significant
quantities of soil across large distances and can be
potentially erosive.

(3)

For tillage implements with sweeps, the cutting
surface can be very uneven. So the calculation of 
is more accurate using  (Equation 4), which is
measured during the plot set up. In the calculations, 
can be converted directly to translocation in mass, ,
by is a distance exceeding the maximum translocation
distance (m):
(4)
 = ρ = ρλ 
-3
Where  is tracer bulk density (kg.m ).
The SCM provides an estimate of the tillage
depth. Also providing an approach to estimate the distance to a cumulative percentile of translocated soil
mass along tillage direction (50%, 75%, 90% and
95%). These percentiles characterize the behavior of
the translocated soil and how soil is distributed along
the path of tillage.

D=3>7:3;@/9 3>><>  Even under controlled
operating conditions, soil movement of during tillage is subject to variations due to the unsteady nature
of its movement. Average  for all tillage experiments, which includes both experimental and variability in displacement was 8.00% in the upslope tillage and 4.56% in the downslope tillage with individual plots having minimum and maximum errors of
5.20–18.56 %. Overall, measurement errors in this
study was less than who reported using a similar
method [3, 15].

<;?@/;@ 4/1@<>?  During reported tillage operations, previous tillage operations are expected to
affect the soil translocation of subsequent operations. The latest tillage translocation studies which
have been conducted in which a constant speed and
depth of tillage were reported to have been well
maintained [24, 35]. In this research, T and T were
set by the operator and monitored for each tillage operation which are relatively constant values, which
was 10 km.h-1 and 20 cm respectively. And water
content is well controlled in 19.00 %,  averages
1789 kg.m-3.

)799/53@>/;?9<1/@7<;/;2=3>13;@793?16/>/1
@3>7?@71?  Tillage translocation data is indicated in
Fig. 2a and Fig. 2b. There is not much difference in
average lambda between non-channel and rill factors, and the order is CK > 20×20 > 30×30. This effect is becoming more obvious when percentile increases both in downslope than upslope (from 50 to
95) (see Fig. 3). Standard deviation in the upslope
tillage process is wider than the downslope process
which means great of variation occurred in the
upslope tillage process (also be reflected in the
highly  and relatively smaller  in downslope tillage).

(@/@7?@71/9 /;/9E?3?  The SCM calculations
were conducted using Excel (Microsoft Inc. SE,
USA). The plotting was completed with OriginLab.
OriginPro 9.0 SR2 (OriginLab Inc., Northampton,
MA, USA).
'(*")($(*((%$

)>/13> >31<B3>E /;2 27?@>70A@7<;  The ratio
of  after tillage operations was high for all tillage
operations: 94.00% for the upslope tillage; 93.00%
for the downslope tillage. Though the tracer is visually identiﬁed and manually recovered the  was
normally less than 100 %. Complete tracer recovery
will not affect the overall accuracy of the translocation results if we assume that these experimental errors are random, uniform and affect all tracer measurements equally [30]. In addition, slight differences
were observed between the up and down tillage with
respect to . Problems will only arise when
signiﬁcant quantities of tracer remain un-recovered
at the base of the plot (which should not happen
when a bottom plate or plot base is used) or beyond
the area sampled. Compared to the other field sampling, this experiment can get higher recovery rates
than studies by ranging from 74.00–91.00% [24, 28,
31–33].
Tracers moved away for a maximum of 5.20 m
in the upslope tillage and 6.60 m in the downslope
tillage. Due to the type of tillage tools complexity

'39/@7<;?67=03@C33;?<7927?=9/13:3;@/;2
?9<=35>/273;@ Though the intensity of tillage erosion under slope curvature is significantly affected
by tillage translocation. While, in the majority of
cases, tillage translocation can be explained by slope
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gradient alone, confirming that slope gradient is the
main factor driving tillage translocation [15]. During
our field experiment, the soil surface is relatively
flat, so we only take focus on slope gradient only.
The relationship between soil displacement in
the downslope direction and slope gradient is described by a linear equation ( =+ ) (see Fig. 4).
This result agrees with previous studies indicate that


soil movement parallel to the tillage direction increased with the increase of slope gradients [21, 22,
24, 36]. The mass of soil displacement in the
downslope tillage is almost twice that in the upslope
tillage. The maximum mass of soil displacement in
the downslope tillage is 180.63 kg.m-1, and the minimum is 100.65 kg.m-1. The maximum mass of soil
displacement in the upslope tillage is 80.23 kg.m-1,
and the minimum is 60.35 kg.m-1.


*' 
)63/B3>/5327?@>70A@7<;<427?=9/132@>/13> /;2/B3>/53?A::/@7<;1A>B3<4@>/13>4<>
A=?9<=3/1/;22<C;?9<=302@79932=9<@?

*'
<:=/>7?<;<49/:02//;27@?=3>13;@793  /;27;@631<;@><916318/;216/;;394/1@<>?
4<>A=?9<=3//;22<C;?9<=30@79932=9<@?
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30× 30 were potentially much more intensive than
CK.
Although previous studies indicated there were
no linear or continuous relationships between topography, T, T, , and T were highly variable in response to changes in topographic conditions. The
SCM has some deficiency in calculating tillage
translocation under different topographies, e.g. Rill
erosion, average  and  were affected by the T
[30]. Though it cannot be directly compared. The solution would be to take the linear relation of both upward and downward tillage data, obtain its slope gradient of the equation. Slope gradient can eliminate
the adverse effects of soil missing part and reflects
its potential erosive. The results showed the order is
30×30 > 20×20 > CK.
Thus, slope gradient can only provide the mathematical solution, which is reflected its potentially
successively erosive between upslope and downslope
tillage processes rather than true values of translocation data.


%$"*(%$(

In Fig. 4a, for sweep, the significances of
(20×20) and (30×30) were similar, but the 2 of (CK)
was much less than that of 20 × 20 and 30 × 30. It
indicates the possible strong effect of channel factors
on slope gradient.
Soil dispersion as percentiles of cumulative
translocation can provide useful information for understanding tillage process and the dynamics of
translocation. In Fig. 4b, Fig. 4c, Fig. 4d and Fig. 4e,
downslope tillage moved significant amounts of soil
40–60 cm further than the upslope tillage and this
“tail” region has a major role in increasing the overall translocation of soil. This phenomenon can be account for the types of soil displacement during tillage for example, pushing, turning, throwing, rolling,
etc. This tail of the tracer distribution can dominate
the magnitude and variability of translocation. Moreover, we pay great attention on zero point of the plot
beginning edge and care must be taken to ensure that
sampling accounts for all tracers.
For the regression of the translocation percentiles, the general pattern is that the values of and ,
all increase as the percentile increases (see Fig. 4b,
Fig. 4c, Fig. 4d, and Fig. 4e). The respective increases of and  values with the increase of percentiles also indicate the stronger effect of slope gradient in the tail region.
However, about tillage translocation data, the
differences between three treatments were not obvious. But the order of the slope gradient of treatments
was 30×30 < 20×20 < CK (see Fig. 4a). While the
percentiles for 20×20 exceeded the 30×30. It is important to note that channel size is need to be taken
into account for water and tillage erosion studies.
Overall, in respect to tillage translocation, 20×20 and

Translocation percentiles, 50, 75, 90 and 95,
were regressed against the slope gradient, this was
confirmed that slope gradient is the dominant factor
driving tillage translocation. This shows that the rate
of increase of the upward and downward slope displacement with the gradient displacement of soil material leading greater when the soil is in a loose condition caused by rill or tillage erosion. The erosivity
is much higher in more erosive tillage tools.

*'
(A::/@7<;A>B3#3@6<2/@63>39/@7<;?67=03@C33;/B3>/53@>/;?9<1/@32?<7927?@/;13/;2?9<=3
5>/273;@@63>39/@7<;?67=03@C33; 01 2/;23<41A:A9/@7B3@>/;?9<1/@32?<7927?@/;13
/;2?9<=35>/273;@/;2 7?@63A=?9<=3 7?@632<C;?9<=3
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Our data suggest that gravity can play a role in
decreasing the potential energy in both upslope and
downslope tillage processes. During tillage operations more soil translocation occurs and these effects
are amplified due to the looser soil conditions. If the
external force acts repeatedly in the channel, this
loosen soils will be carried easily. Moreover, the rill
will become wider and could generate into a gully
eventually and causing more erosion.
Due to the channel factor, the tillage layer has
changed and lambda was obtained does not reflect
the real translocation distance. Our suggestions is to
analyze the linear relation of the average data of upward and downward tilling, then make the comparison of the slope gradient, which can be understood
as the potential erosive.
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tion and consumption or conversion [1-6]. It is
foreseen that the dominant effect of fossil fuels in
primary energy sources will continue for a longer
period. The use of clean and renewable fuels is
particularly important with the increase in energy
efficiency, in order to reduce greenhouse gas emissions, which are the cause of climate change [7].
In an environmentally friendly method that
minimizes food wastes, it is necessary to convert
the wastes into energy by producing biodiesel from
waste cooking oils. Biodiesel is a biodegradable
fuel obtained by its participation in production of
waste oil due to its low price and sustainability. As
biodiesel is renewable and reduces carbon emissions in the atmosphere, it is considered a 'green'
replacement for fossil fuels. The main advantages
of biodiesel are renewability, biodegradability, lack
of toxicity, lack of contribution to greenhouse effect
and safety [2-4].
Plant biomass is the state of solar energy
stored in plants through photosynthesis. Biomass
energy is carbon neutral since the CO2 that is released when plant biomass energy is obtained is
equivalent to the carbon dioxide taken from the
atmosphere during the formation of organic materials through photosynthesis. Biomass energy is a
renewable energy option that can contribute to the
United Nations sustainable development goals. All
components of plant and animal origin, which are
components C and H are biomass energy sources.
Biodiesel is the most important alternative
diesel engine fuel origin from biomass. Biodiesel;
chemically defined as mono alkyl esters of long
chain fatty acids derived from renewable sources of
oil. Biodiesel can be used purely in diesel engines
or mixed with petroleum-derived diesel fuels [3, 79]. Monoesters, called biodiesel are produced by
transesterification of vegetable or animal fats. The
viscosity, one of the biggest obstacles to the use of
vegetable oils in diesel engines is reduced by about
10 times with the resulting biodiesel produced by
the transesterification reaction [4-8]. The catalyst is
used to increase the completeness and speed of the
reaction in the transesterification reaction. On the
esterification process such as reaction temperature,
alcohol-oil molar ratio, catalyst type, catalyst
amount and reaction time factors are effective.

Biodiesel as a fuel has become more preferred
due to its environmental benefits and the fact that it
is made from renewable resources. Waste coking
oil (WCO) is the residue oil generated during food
or semi-product preparation by frying and cooking.
It is tremendous in the houses and restaurants, so
the technical disposal of it becomes necessary. In
this study, WCO containing low free fatty acids
(FFA) was used as raw material for methyl ester
(biodiesel) production. As a result of transesterification, the optimum conditions for methyl ester
production can be determined by changing the basic
parameters (factors) affecting product yield. This
scope of study, the effects of catalyst amount, reaction temperature and molar ratio of alcohol to oil
(molar ratio) parameters on the yield of waste cooking oil methyl ester (WCOME) was determined.
For this purpose, experiments were carried out at
reaction temperatures of 40 0C, 50 0C and 60 0C;
0.5, 1, and 1.5% catalyst amount at 4:1, 6:1, 8:1,
and 10:1 molar ratios using KOH catalyst. ANOVA
(Analysis of variance) was used for optimizing the
parameters used in methyl ester production. After
ANOVA, Tukey HSD multiple comparison test was
used as a more realistic awareness resource for the
determination of optimal production parameters and
levels.
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Waste cooking oil, biodiesel, optimization, ANOVA,
Tukey HSD test
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Energy is both one of the most important
needs of mankind and a sign of economic development. In the world, energy and environmental relations have become more important in recent years
in order to struggle climate change and achieve
sustainable development. When energy is produced,
protection of the environment along with human
well-being must be considered together. A large
amount of the pollutants and greenhouse gases
given to the atmospheres are due to energy produc-
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Everywhere in the world, the food industry's
oil shortage is a constraint on biodiesel production.
For this reason, non-edible oils and waste cooking
oils must be used primarily in the production of
biodiesel. Waste cooking oils have ecotoxic properties and cause pollution in the environment, which
creates harmful effects on living things [6, 7]. As a
result, waste cooking oils can only be used for
biodiesel production.
In the literature, there are many studies using
ANOVA to optimize for biodiesel production.
Murugesan et al. [10] presented that they produce
pungamina oil methyl esters using the method of
transesterification. The rotation speed of the device,
the amount of catalyst and the effect of reaction
time on biodiesel production were determined using
ANOVA. As a result of the statistical analysis, it
was determined that the amount of catalyst was the
most effective factor in ester production. Eh Sheet
[11] studied produce biodiesel from waste cooking
oil in two different methods. Biodiesel yield, calorific value, viscosity and density was observed and
ANOVA was carried out to analyze the significant
mean differences this properties. Tuntiwiwattanapun and Tongcumpou [12] reported that parametric
studies on biodiesel production from in-situ transesterification from used coffee grounds (SCGs). In
their work to determine the optimal conditions use a
central composited rotatable design was applied.
They found KOH concentration and proportion of
isopropanol as effective factors in the production of
biodiesel (pvalue < 0.05).
The aim of this study to produce biodiesel
from waste cooking oil in the laboratory collected
from local restaurants by using transesterification
method. The catalyst amount, reaction temperature
and molar ratio of alcohol to oil parameters and
their different levels were selected for the biodiesel
production. Optimum conditions were provided
using ANOVA followed by Tukey HSD multiple
comparison test.

#!"#"

(;,90(3: In this study waste cooking oil
(WCO) was used as a feedstock in order to reduce
the cost of biodiesel production. The WCO used in
the study were collected from local retorans in the
province of Sakarya, Turkey in 2017 and stored in a
cool and dark area until the experimental work. The
methanol and potassium hydroxide (KOH) catalyst
used in the transesterification process were purchased from Merck. During the transesterification
process, rotary evaporator, NUVE mark centrifuge
machine were used.

,;/?3:;,9 96+<*;065 96*,::)?&
Transesterification is the process by which vegetable oils and animal fats form biodiesel as the result
of reaction with alcohol. Methanol is more common
in the transesterification process due to its short
chain as alcohol, polarity and easy reaction with
triglycerides [4, 5]. Figure 1 shows the transesterification mechanism.
In this study the WCO used had free fatty acid
content of less than 1%, transesterification was
carried out using a alkaline catalyst. The methyl
ester production steps by the transesterification
method were carried out as follows respectively.
1. 100 g WCO was poured into the glass
flask of the rotary evaporator and heated to 80 0C.
2. Methyl alcohol and KOH catalyst were
mixed together at the different ratio of 4:1, 6:1, 8:1
and 10:1 and catalyst amount of 0.5, 1 and 1.5% by
weight of the WCO sample.
3. The mixture was stirred continuously by
placing glass flask inside a water bath at the reaction temperature of 40, 50 and 60 0C at 800 rpm for
one hour reaction time.



$! 
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4. When the reaction period was complete,
the samples were taken to the separation funnel
(Figure 2 a). After 8 hours of waiting, the mixture
was divided into two layers. The upper layer contained methyl ester including methanol and catalyst
while the lower layer contained dark brown glycerin (Figure 2 a).
5. In the last step, the excess alcohol, water,
and catalyst in the methyl ester from the top layer
were separated using a vacuum pump and centrifuge. The pure WCO methyl ester (Figure 2 b) was
stored in the cool and dark place.

$! 
/6;6.9(7/0*=0,>6-&






Figure 3 shows the production stages until the
waste cooking oil is converted into biodiesel. After
all the production processes were completed, the
yields of methyl ester was calculated using the
following formula.




The obtained WCOME sample was sent to the
TUBITAK Marmara Research Center to find out if
it meets biodiesel standards.

7;040@(;065 96*,:: In this study, the factors effecting the yields of WCOME and the effect
of different levels of these factors (catalyst amount,
reaction temperature and molar ratio of alcohol to
oil) were analyzed by ANOVA. The levels of factors used in the methyl ester production can be seen
in Table 1. ANOVA was performed to determine
statistically significant factors. ANOVA compares
cumulatively the arithmetic mean of three or more
groups alone; the ANOVA result is significant
when at least one of these comparisons is significant. However, if the result is meaningful, supplementary calculations are made to determine which
groups the differences. These techniques are called
post-hoc techniques [13, 14]. ANOVA results were
determined using Minitab 15. Since the variances
are homogeneous (Equal variances assumed) here,
the "Tukey" test, one of the most preferred tests
among post-hoc techniques. Tukey HSD test is a
post-hoc test meaning that is performed after an
ANOVA test. Tukey HSD multiple comparison
tests were performed to determine which groups
differed in the groups with significantly different
ANOVA test result groups.
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# 
(*;69:(5+;/,093,=,3:

(*;69:

,=,3:
1
2
4:1
6:1
0.5
1
40
50

Molar ratio of alcohol to oil
Catalyst amount (%)
Reaction temperature (0C)



3
4
8:1 10:1
1.5
60
-

# 
/?:0*6*/,40*(37967,9;0,:6->(:;,*66205.603

&(:;,*66205.603
0.835
6.2R-70.0B
6.22
0.71
672
37.45
1.42
1.472

Density, g/mL
Color, 5,25''
pH
Free fatty acid (g/100 ml)
Peroxide value (kg 02)
Kinematic viscosity (mm2/s)
Acid value (mgKOH/g)
Refractive index

(;;?(*0+:
Palmitic
Stearic
Behenic
Palmitoleic
Oleic
Linoleic
Others


# 
(;;?(*0+:*6476:0;0656->(:;,*66205.603

(;;?(*0+*6476:0;065>;
5.68
3.54
0.52
0.21
47.63
41.22
1.2

(C16:0)
(C18:0)
(C22:0)
(C16:1)
(C18:1)
(C18:2)


967,9;?
Ester content
Density, 15 0C
Kinematic viscosity
Iodine value
Pour point
Flash point
Heating value
Copper band corrosion (3 h at 50 0C)
Cetane number
Total glycerol
Sulphated ash content

# 
967,9;0,:6-;,:;-<,3

$50;
%(m/m)
g/cm3
mm2/s
g I2/100 g
0
C
0
C
MJ/kg
% (m/m)
% (m/m)

,;/6+
EN 14103
EN ISO 3675
EN ISO 3104
EN14111
ISO 3016
ASTM D93
ASTM D 240
EN ISO 2160
EN ISO 5165
EN14105
EN ISO 3987


!"$#""$""

/?:0*6*/,40*(3 967,9;0,: (5+ (;;? *0+
65;,5; 6- 03 ,,+:;6*2: Vegetable oils consist
of fatty acids and glycerol molecules. The physicochemical properties such as density, color, pH, free
fatty acid,peroxide value, kinematic viscosity acid
value, iodine value and refractive index value of the
waste cooking oil were determined by using AOCS
Tentative Methods [15]. Physicochemical properties of WCO are listed in Table 2. The degree of
unsaturation (DU) was determined using the following equation with the calculated values obtained
from the GLC. In the formula, MUFA (monounsaturated fatty acid), DUFA (diunsaturated fatty
acid) and PUFA (polyunsaturated fatty acid) are in

&
97.5
0.84
3.8
112.4
-12
122.5
40.82
1a
52.5
0.24
0.015

6 +0,:,3
0.82-0.86
2.5-3.5
max 0
<55
42.7
49-55
0.01



min 96.5
0.86-0.90
3.5-5
max 120
-33
min 120
min 35
1a
min 51
max 0.25
max 0.02

the sense.
Fatty acid composition analysis results are
shown in Table 3. The content of unsaturated fatty
acid in the waste cooking oil 89.06% while the
saturation fatty acid 10.94% was found. Oleic acid
(C18:1) was the most abundant acid with 47.63% in
unsaturated fatty acids whereas palmitic acid
(C16:0) was the most abundant acid with 5.68% in
saturated fatty acids.

,;,9405(;065 6- &(:;, 66205. 03 ,
;/?3 :;,9 967,9;0,: Table 4 shows the fuel
properties of WCOME that were produced under
optimal conditions. Measured values obtained from
physical and chemical properties of methyl ester
such as ester content, density, kinematic viscosity,
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between reaction temperatures of 40 0C and 50 0C.
Three different subgroups were identified in
the Tukey multiple comparison test for levels of the
molar ratio of alcohol to oil factor. There are four
levels of molar ratio factor, 4:1, 6:1, 8:1 and10:1
respectively. According to the results of the Tukey
test, the difference between the 4:1and 10:1 molar
ratios were statistically significant. Accordingly,
10:1 alcohol molar ratio improves significantly the
yields of WCOME produce using KOH catalyst.

iodine value, pour point, flash point, heating value,
copper band corrosion, cetane number, total glycerol and sulphated ash content compared with No.2
diesel fuel and EN 14214 biodiesel standards.
Since the measured values provide biodiesel
standards, WCOME can be used directly as fuel in
diesel engines or mixed with diesel fuel in different
ratios.

%#,:;05.-69(*;69:When the multivariate analysis of variance table (Table 5) was
examined according to significance level, it was
found to be effective that all factors on the yield of
WCOME were statistically significant (p <0.05).
Comparisons between means were performed with
Tukey’s test. The Tukey test results are shown in
graphically Figure 4.

#
%;()3,6--(*;69:(--,*;05.;/,?0,3+:6-
&
(*;69:
Catalyst
amount
Reaction
temperature
Molar ratio
Error
Total


2

",8""
330.06

+1"
165.03


31.13


0.000

2

307.06

153.53

28.96

0.000

3
28
35

334.00
148.44
1119.56

111.33
5.30

21.00

0.000

$""
The optimum factors and level for maximum
yield of waste cooking oil methyl ester of each
production parameters was determined molar ratio
of alcohol to oil at level 4 (10:1), catalyst amount at
level 1 (0.5% by weight) and reaction temperature
at level 1 (40 0C), respectively. Since there is no
statistically significant difference between the first
and second levels of catalyst amount and reaction
temperature parameters, lower levels of these factors should be preferred to reduce biodiesel production costs. The yield of biodiesel produced at optimal conditions was determined 97.5%.
It can be concluded that by using waste cooking oil as oil feedstock for biodiesel production,
both these oils are prevent environmental pollution
and the cost of raw materials which is the highest
input of biodiesel production can be eliminated.
Furthermore, the production of pure glycerol as a
by-product from these oils has a positive effect on
production costs.
The establishment of local collection network
systems for waste oils that are environmentally
harmful will allow for the development of waste
disposal systems and the creation of jobs for the
local population. Along with the use of fossil fuel
as a fuel in diesel engines by mixing with biodiesel,
emissions can be reduced.


!!"
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As shown in Figure 4, two different subgroups
were identified in the Tukey multiple comparison
test (95% confidence interval) for the levels of the
catalyst amount factor. The catalytic quantity factor
has three levels of 0.5%, 1% and 1.5%, respectively. According to the results of the Tukey test, the
yields of WCOME obtained in catalyst amounts of
0.5% and 1% were statistically significantly higher
than those of 1.5% catalyst. It is seen that there is
no statistically significant difference between the
amounts of catalysts of 0.5% and 1%, in other
words the effect level of both are similar.
Two different subgroups were identified in the
Tukey multiple comparison test for the levels of the
reaction temperature factor. The factor has three
levels, 40, 50 and 60 0C respectively. According to
the Tukey test results, the amounts of WCOME
obtained at reaction temperatures of 40 0C and 50
0
C were statistically significantly higher than 60 0C.
There was no statistically significant difference
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ments is to construct the transportation infrastructure for alleviation of economical activities as well
as labor flow [4, 5]. Transportation hubs are considered very important for new urban periphery due
to increasing welfare potential of inhabitants, creating commercial attraction facilities as well as enhancing living comfort in terms of reaching some
daily activities such as tourism, health, education,
and interconnected highways [6, 7, 8]. Beside that
socio-economical welfare of a society is closely
linked to available transportation network [9, 10,
11]. On the contrary, road construction can greatly
alter LULC structure of surrounding environment if
it is not synchronized with city planning, landscape
design and other infrastructure settings [12, 13, 14].
The possible changes that can be observed would
be conversion of agricultural and forested lands to
settlement areas or impervious surfaces [15]. In
some cases, city forests or coppice fields are also
converted to agricultural areas to meet the potential
food demands for local people. At final stage,
LULC alteration is observed as fragmented lands.
The unity of landscape character can be deteriorated due to land fragmentation problem observed in
agricultural and forested lands situated close to
highway routes [16]. High fragmentation level may
break the link between natural land parcels and
cause long lasting degradation of bio-diversity of a
region [17, 18]. Newly built manmade structures
and highways can potentially inhibit the wild life
and diminish species diversity by creating artificial
barriers on the routes of animal and plant transitions
[19, 20].
Detection of a linear landscape element such
as highway or road on natural habitats is relatively
easy by using Remote Sensing (RS) and Geographical Information Systems (GIS) technologies. For
this purpose, multitemporal LULC maps can be
produced and used for monitoring spatial changes
of each land use class [21, 22, 23, 24, 25]. Moreover, observed spatial changes can be accompanied
with landscape metrics in order to quantitatively
explain the real final structure of a habitat [26, 27,
28, 29]. Some important metrics that are widely
used in literature are given in Table 1.
Turkey as a developing country needs to improve transportation infrastructure. In the last 20

The city of Istanbul situated on a geostrategic
location connecting two continents. In order to
maintain transportation link between Europe and
Asia, passages such as bridges or underwater tunnels were built on Istanbul strait. These are necessary manmade structures to enhance the continuity
of East to West. Recently due to dense urbanization
observed in Istanbul, available transportation infrastructure failed in meeting comfortable transportation facilities as a result of heavy traffic on southern
side of the city. Therefore government decided to
design new routes on northern side with a new
bridge called Yavuz Sultan Selim. In this study the
changes of Land Use/Cover structure before and
after the bridge construction project were investigated using Remote Sensing and Landscape metrics. It was found that areal extension of impervious
surfaces was increased as a result of fragmented
natural landscape. It was concluded that quantitative monitoring of LULC changes in prior and post
stages of such big projects is necessary to see positive or negative environmental impacts. This study
summarizes the observed changes for the first time
in the region by taking into account Yavuz Sultan
Selim Bridge and its connection highways.
)(!#$:
Transportation, Landsat, Land Use/Cover, Landscape
Fragmentation, Istanbul.
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Increasing world population has lead to expansion of urban settlements towards rural areas
moreover newly built urban population created new
demands such as industrial regions and agricultural
lands. Undoubtedly all these environmental changes
can be evaluated as human interference with the
nature. One of the major problems involved in this
process is the alteration of Land Use/Land Cover
(LULC) character of the ambient environment [1, 2,
3].
Considering socio-economical state of the urban and rural regions, one of the major require-
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years an intensive efforts have been spent for construction of new highway routes in accordance with
timely and necessary national developing plans
prepared by the government. Many highway construction projects have been started by private corporations based on build-operate and transfer model
agreements with the government. Even though new
highway routes are necessary for developing the
public well fare, monitoring the adverse environmental effects of these projects is also important for

sustainable management of natural habitats. Because in landscape ecology a new road or highway
means spitted or fragmented land parcels. Therefore
monitoring the fragmentation level after manmade
structures such as highways play an important role
in sustainable management of the landscape. Landscape metrics briefly explain the homogeneity,
heterogeneity and connectivity in landscape or class
level.


% 
+7.<-+9//=;3-<

Metrics

Formula

Units

Range

Number of Patches (NP)
(Landscape Level)

 = 
 : Total patch number in a landscape

N/A

NP ≥ 1

Number of Patches (NP)
(Class Level)

 = 
 : Total patch number in corresponding class

N/A

NP ≥ 1

Patch Density (PD)
(Landscape Level)

 =

%

PD > 0

%

PD > 0

%

0 < PLAND ≤
100

Hectares

CA > 0

%

LPI

%

LPI

Hectares

MPS > 0

N/A

SHAPE_AM ≥
1

N/A

1 ≤ FRAC_AM
≤2

Patch Density (PD)
(Class Level)

Percent of Landscape (PLAND)
(Class Level)


(10.000)(100)


 =  (10.000)(100)


∑



 =1

 =

(100)



 : ij patch area (m2) in corresponding class (j)

 : Total patch number in corresponding class (j)
 : Landscape area (m )
2

Class Area (CA)
(Class Level)

Largest Patch Index (LPI)
(Landscape Level)



 = ∑  (
 =1

1
)
10000

max ( )

 =



(100)



Largest Patch Index (LPI)
(Class Level)

Mean Patch Size (MPS)
(Landscape Level)

Area Weighted Mean Shape Index
(SHAPE_AM)
(Landscape Level)

Area Weighted Mean Patch Fractal
Dimension (FRAC_AM)
(Landscape Level)

 =

max ( )

 =

 =1



(100)

 1
 10.000

⎡⎛ 0.25
 _  = ∑∑ ⎢⎜

 =1 =1 ⎢⎜
⎣⎝

 : Total class (patch type) number
 : Radius distance for ij patch (m)



⎞ ⎛  ⎞⎤
⎟ ⎜  ⎟⎥
⎟ ⎝  ⎠⎥
⎠
⎦

⎡⎛ 21 ( 0.25
 _  = ∑∑ ⎢⎜
ln 
 =1  =1 ⎢⎜
⎣⎝
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In this study, "!$ !   Bridge and
connection routes which is one of the huge highway
project investments in Istanbul was studied in terms
of fragmentation by comparing pre and post stages
of the project. Temporal changes observed in
LULC structure was analyzed by using RS, GIS
and quantitative landscape metrics. Some recommendations and implications were suggested by
focusing on sustainable management of the environment without neglecting the importance of such
a strategic national project.



of semi-urban or rural regions placed in city skirts.
In order to meet safe and fast transportation requirements and connect northern side to southern
urbanized regions, "!$ !   Bridge and
its connection routes were constructed between
2013 - 2016. The current study focused on linear
corridor with 500m buffer zone on both sides, 50.29
km long and 5025 hectares areal land which was
depicted on Figure 1.

$+=/553=/ +=+ LULC maps were produced
using Landsat 5 TM (September 11, 2011) and
Landsat 8 LDCM (July 22, 2016) satellite data. The
dataset was already corrected for radiometric and
atmospheric effects and geo-rectified using WGS84
reference ellipsoids, WGS 84 Datum and UTM
projection by Global Land Cover Facility (GLCF).
Visible, near and mid infrared surface reflectances
were produced as 30m GSD (Ground Sampling
Distance) multi-dimensional dataset. By using
surface reflectances; solar zenith angle, changes in
solar irradiance values and earth - sun distance
effects were eliminated.

%#$ %!$

$=>.B ;/+ The city of Istanbul covering
5313 km2 surface area has been under severe migration problem. The population density per square
kilometer has been increased at rate of 13% and
reached to 2786 indv./ km2 between 2007 - 2016
[30]. Increasing population density has triggered
the expansion of urban areas towards northern side
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";8.>-371 & +9< LULC maps were
produced by considering 4 different classes such as
impervious surface (IS), bare soil and agriculture
(BSAA), vegetation (V) and water (W). During the
classification process stratified random sampling
technique was use to create training and test datasets. 60% of total sampled data was used for training and the remaining 40% was kept for testing
procedure. Multi-dimensional surface reflectance
datasets was classified by using pixel based nonparametric Support Vector Machine (SVM) algorithm. SVM is a supervised classification algorithm
that is capable of separating different classes by
identifying optimized separate hyper planes with
very high generalization capability [31]. Recently,
SVM is widely used for remotely sensed data classification of datasets that cannot be separated linearly [32, 33, 34]. SVM tries to minimize rational
classification error when searching for maximum
margin values between hyperplanes. For this purpose a user defined generalization parameter ( ) is
used as an entry. If the data set cannot be linearly
separated, a kernel function is used for transferring
the data to higher dimensional feature space for
optimized solution by the SVM algorithm. Radial
based kernel functions are proved to be more successful than other kernel types in remote sensing

literature [35]. In order to determine radial based
kernel function a γ parameter is needed to be introduced by the user which is a great advantage for
improving classification performance [36]. Therefore radial based kernel function was selected in
this study. Non-parametric classifiers such as SVM
needs to be tuned by the user prior to classification
process by playing around input parameters ( and
') considering training dataset for optimization
purposes. and ' values were decided using k-fold
cross validation grid search techniques as given in
Table 2.
% 
$'/;7/5"+;+6/=/;<
Band

Sensor
Number

'

Landsat 5

6

448.140

0.599484

Landsat 8



629.960

0.166810

SVM algorithm was trained with available parameters and all dataset was classified with oneagainst-all technique [31]. After classification,
LULC maps for two different periods (2011 and
2016) were produced (Figure 2).
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Confusion matrices were obtained by comparing previously defined test data and resultant classified LULC maps as indicated in Table 3. Accuracy
metrics such as " !#   
 !#  and ! !# 
were calculated for quantitative comparison of
classification performance of applied algorithm.
When the results in Table 3 are examined, it is clear
that accuracy results of classification process are
adequate for aim of the study.

found that impervious surface rationally increased
to 121% and reached to 5.08 km2 after the construction project as indicated in Table 4. Similarly,
BSAA areas were almost doubled (99%) and measured as 13.14 km2 between 2011 - 2016 periods. On
the contrary, vegetated areas decreased from 39.49
km2 to 30.42 km2 which is almost 23% loss of total
green coverage in 6 years time span. Moreover, the
loss of green coverage can be further differentiated
to corresponding changes as 6.1 km2 BSAA and
2.99 km2 IS LULC classes. Therefore it is clear that
changes observed in impervious surface increment
can be attributed to the rational loss seen in vegetation cover. Interestingly, LULC alteration from
vegetation class to BSAA was almost two fold
more than IS class. This detail is highly important
for regenerating the vegetation cover after finalization of the highway construction project. Because
BSAA class is relatively soft compared to solid IS
class and can be easily converted by appropriate
landscape design projects in the area.

#$&%$ $&$$! 
Temporal changes of LULC structure were
analyzed in detail for pre and post highway construction project phases in the study area. The results were comparatively documented by using
raster based LULC analyses as given in Table 4.
Areal and rational statistics of LULC structure have
shown some signs of dramatic changes. It was
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81.82
18.18
0
0
100


0
100
0
0
93.94


0
0
100
0
100



93.33
0
0
6.67
100




0
100
0
0
93.75


0
6.67
90
3.33
100
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0
0
0
100
100
 97.78

 
81.82
100
100
100
 0.97



 
93.33
100
90
100

0
0
0
100
90.91
 95.83

 0.94









$
21.848
33.438
44.558
0.157
100
78.152
120.83


'
9.522
67.764
22.701
0.014
100
32.236
-22.97


$
10.038
43.376
46.422
0.164
100
53.578
99.413


#8@%8=+5
97.004
99.893
99.295
0.002
0
0
0


5+<<%8=+5
100
100
100
100
0
0
0


$
0.5
0.77
1.02
0
2.3
1.8
2.78

'
3.76
26.76
8.96
0.01
39.49
12.73
-9.07

$
0.66
2.86
3.06
0.01
6.59
3.53
6.55

#8@%8=+5
4.92
30.39
13.05
0.02
0
0
0

5+<<%8=+5
5.08
30.42
13.14
1164.81
0
0
0
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Accordingly the largest patch index (LPI) was decreased from 25.52% to 19.56% in 6 years. The
fractal level of the study area also increased considering the landscape area weighted mean patch fractal dimension (FRAC_AM) between 2011 and
2016. The increment observed in mean patch size
(MPS) could be resulted from newly built paved
highway surfaces (Figure 3).
LPI value increased almost 4 fold from 2011
to 2016 for IS class based on class metrics results
(Figure 4). Similarly, LPI value of BSAA class
increased compared to decreasing LPI level from
25.52% to 19.76% of V class. Analyzing NP and
PD values of IS class, decreasing level of both
values for IS class could be due to highway and
related connection roads construction. Because the
unity of IS class as a landscape patch reached to its
largest state at the end of the project (Figure 4).

Comparing all LULC classes, vegetation class
has shown the highest net decrease in region. Rational increase observed in BSAA class is attributed
to hard and soft construction material around the
highway or roads. These areas are not very suitable
for agricultural activities.
It is clear that highway construction project
can cause fragmentation of natural habitats. In the
current study, the natural landscape of "!$! 
 Bridge and related connection routes was
found to be deteriorated by analyzing the fragmentation level between 2011 and 2016. As indicated in
Figure 3, total number of the patches (NP) interestingly decreased from 833 in 2011 to 601 in 2016.
The reason behind decreasing NP value can be
explained by the study area geometry and relatively
large parcels of IS because there is a net increase in
both size and area of IS class in the study area.
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area wildlife passages and road side planting activities should be implemented by considering landscape planning criteria.

In healthy landscapes fractal dimension level
should be around 1, deviances from that level can
be evaluated as deterioration in natural landscapes
as it was the case in the "!$!  Bridge
project between 2011 and 2016. Highway and road
constructions are unwanted activities that may
cause extra environmental stress on both flora and
fauna of the landscape area by causing fragmentation and interrupting the ecological connectivity
[37]. This problem is one of the most catastrophic
environmental issues not only for Turkey but also
for other regions of the world. For sustainable and
healthy ecosystems the landscape unity should be
protected by analyzing and regularly monitoring of
the natural landscapes.
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accessibility is the first necessity for any area to be
considered as urbanized region. At this stage,
highways and roads are inevitable design objects
that connect one place to another. The city of Istanbul with its total population around 15 million is the
one of the most famous metropolis of the world.
Unfortunately, available network hub is not adequate in meeting dynamic requirements of the city.
Furthermore, the connections between Europe and
Asia such as  !$ &  Bridge,  
!   Bridge and # fail in meeting necessary traffic demands of the Istanbul city.
Therefore, as an alternative connection to decrease
the traffic intensity on southern region of the city a
new development regions on northern side are allocated. These new focal points are "!$ ! 
 Bridge and a newly built Airport. It is clear
that those new focal points and related construction
projects are for the benefits of the public and national economy as well as ensuring international
prestige of the country. However, the environmental effects of such big projects must be very well
documented for sustainable development of the
city. Therefore quantitative and qualitative analyses
of the surrounding landscape structure can help to
build the environmental databases in pre and post
stages of the big construction projects. As a solution LULC change of northern side of the Istanbul
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vegetation areas decreased whereas IS class area
increased in the region. On the other hand, decreasing MPS value is a hint of fragmentation observed
in the study area. Ecological connectivity of the
study area also decreased considering calculated
deviations from the ideal value 1. It it concluded
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The determination of genotypes that will adapt
to global climatic changes, using molecular marker
methods, will become more important in the near future. At the same time, the identification of diseaseresistant genotypes will result in the use of less
chemicals in livestock and in reduced environmental
damage.
Diseases are one of the factors that cause decreased productivity. For this reason, diseases in animal husbandry should be reduced as much as possible, with the goal to completely eliminate them.
Since the precautions to be taken after animal illness
are both time-consuming and costly, animal's genetic
immune systems have developed and these negatives
can be abandoned. For this reason, the MHC (Major
Histocompatibility Complex) genes, which play a
role in the immune system, are the genes that should
be considered in animal husbandry.
The MHC genes consist of two classes. Class II
MHC genes are closely linked to each other and
highly polymorphic, with MHC subclass IIa including DR and DQ, while subclass IIb genes contain DI,
DY and DO genes [1].
The MHC in cattle is called BoLA and is located on chromosome 23. There are three BoLADRB genes, DRB-1, DRB-2 and DRB-3. The
BoLA-DRB 3 is a polymorphic gene region and
plays a considerable role in the immune system; it is
therefore a candidate gene in disease resistance studies in farm animals [2]. Also, this region codes for
the antigen-binding site (ABS)or the extracellular
domain [3].
Up to now, as a result of studies performed in
the BoLA-DRB3 region, 90 alleles have been identified by sequence analysis and 54 alleles by PCRRFLP analysis [3]. In particular, the DRB3 exon 2
region has been associated with many diseases in
cattle [4]. The association of alleles with mastitis has
been revealed by numerous studies; in cows with
BoLA-DRB3.2 * 16, *24 alleles were more susceptible to different strains of mastitis in Holstein breeds
and BoLA-DRB3.2*8,*16,*22,*28,*11,*12,*23 alleles were more resistant [5, 6, 7]. Sequence analysis
studies have also shown that BoLA-DRB3-2 alleles
are also associated with persistent lymphocytosis [8,
9, 10].
Although numerous studies have been performed with Holstein and Jersey cows, research on
this gene in other breeds is scarce. In Turkey,

In this research, the BoLA-DRB3 exon 2 region
in the MHC gene region was surveyed by PCRRFLP analysis in three of the cattle breeds that are
commonly reared in Turkey. This locus was PCRamplified, and a 284-bp fragment was obtained. To
determine the variation in the BoLA-DRB3.2 gene
region, YI and III restriction enzymes were
used. Three genotypes and two alleles were detected
as a result of YI enzyme restriction; six genotypes
and three alleles were detected at the end of the
III enzyme fragment. The bb genotype is more
frequent in all breeds as a result of YI restriction.
Chi-square analysis revealed that the population
with this enzyme was in the Hardy-Weinberg equilibrium. For the III enzyme, the bb genotype had
the highest frequency, and the population is not balanced according to the enzyme cutting results. The
III restriction site at 167 bp correlated with the
Pro 56 amino acid. This amino acid was included in
the antigen-recognition site of the MHC molecule,
which was recorded in 38% of Holstein Friesian,
22% of Simmental and 19% of Brown Swiss animals.
This study of BoLA-DRB3 genes in cattle
breeds grown in Turkey demonstrates the genetic
profile.
#"
BoLA-DRB3, Brown Swiss, Cattle, Holstein Friesian,
PCR-RFLP, Simmental

 ! 
Cattle can be grown in almost all parts of the
world. They are an important source of meat and
milk, providing about 60% of the animal protein
consumed by humans. Especially in developed countries, milk production is almost the only source of
cattle. Breeders prefer high-yielding breeds such as
Holstein Friesian, Simmental and Brown Swiss to
ensure meat and milk supply; these breeds are susceptible to various diseases. Therefore, the development of the immune system in these breeds is important.
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Holstein Friesian, Simmental and Brown Swiss
breeds are grown widely for meat and milk production and determining the genetic structure of these
races can provide reference information for further
studies. In this context, PCR-RFLP is the easiest and
cheapest method for detecting disease-resistant alleles and was used in this study to detect BoLADRB3 alleles. By selection disease-resistant animals, economic losses can be prevented.
The purpose of this study was to determine the
polymorphism of the BoLA-DRB3 gene exon 2 region in Holstein Friesian, Simmental and Brown
Swiss cattle breeds.

PCR reaction
(total volume:25 μl)
50 ng DNA
25 μl 1 X PCR buffer
2 mM MgCl2
0.25 mM dNTPs
0.5 mM each primer
(HL030,HL031)
1 U Taq DNA
polymerase

PCR reaction
4 μl first step PCR product
25 μl 1 X PCR buffer
2 mM MgCl2
0.25 mM dNTPs
0.5 mM each primer
(HL030,HL032)
1 U Taq DNA polymerase

For DNA isolation, blood samples were collected from Holstein Friesian, Simmental and Brown
Swiss cows in reared Turkey (n=150). Genomic
DNA was isolated from whole blood via salting out.
The purity and concentration of the isolated DNA
were determined by electrophoresis in a 1% agarose
gel and spectrophotometry.
In the polymerase chain reaction, two-step PCR
was used for the amplification of the BoLA-DRB3.2
gene region(284 bp), as described by van Eijk et al.
[12]. Table 1 showed the primers used in the two-step
PCR. The contents and programs of the PCR reactions for the BoLA DRB3.2 gene region are shown in
Tables 2 and 3.
Self-priming controls and contamination were
contained in each PCR round, and 4 µL of the product
of the second PCR step were electrophoresed on 1%
agarose gel to check the quality and specificity of the
DNA fragment amplification.
To investigate the nucleotide sequence variability in the DRB3.2 locus, two restriction enzymes,
YI and III, were selected according to their
ability to cut DNA [12]. The final-stage PCR products (284 bp) were digested with these enzymes overnight at 37°C. After ethidium bromide staining, the
gels were photographed under UV light, and the
DNA bands was evaluated.
For population analysis, the software package
POGENE version 1.32 was used to determine the allele and genotype frequencies of the populations
studied. Deviations from Hardy-Weinberg (HW)
equilibrium were estimated by chi-square [14].
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94 oC 5 min. initial denaturation
94 oC 1 min.
60 oC 30 s.
15 cycle
72 oC 1 min.
72 oC 10 dk. Final extension
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Primer
Name
HL030
HL031
HL032

PCR
program

PCR program
94 oC 5 min. initial denaturation
94 oC 1 min.
30 cycle
60 oC 30 s.
72 oC 30 s.
72 oC 10 dk. Final extension



! !
A 284-bp fragment of the BoLA-DRB-3 gene
corresponding exon 2 was amplified from 150 cattle.
Figure 1 shows the PCR product.
The RFLP patterns of the BoLA-DRB3.2 locus
were investigated by two restriction enzymes (YI
and III). Determination of the polymorphic pattern of the DRB3 gene is important because it is
linked to the immune function of class II antigen of
MHC. [15].

!
(.(&6412+14(6,&2$66(401%6$,0('1)
$/2.,),('1 

Primer sequences



M: 50 bp ladder marker

5’-ATCCTCTCTCTGCAGCACATTTCC-3’
5’-TTTAAATTCGCGCTCACCTCGCCGCT-3’
5’-TCGCCGCTGCACAGTGAAACTCTC-3’

(0(6,&1.:/142+,;/'(6(&6('%:#In
this study, the BstYI restriction map of the BoLADRB3 exon2 consists of one polymorphic site at 199
bp (Figure 2, 3). Three genotypes and two alleles
were detected as a result of YI enzyme restriction.
Allele and genotype frequencies of BoLA-DRB3.2
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The III restriction map of the BoLA-DRB3
exon2 showed three polymorphic sites at 167, 190
and 219 bp (Figure 4, 5). Six genotypes and three
alleles were detected as a result of HaeIII enzyme restriction. Allele and genotype frequencies of BoLADRB3.2 are shown in Table 5.

are summarized in Table 4.
The frequencies of the bb genotype and b allele
were higher than in other genotypes and alleles in all
breeds. The Holstein Friesian breed deviated HardyWeinberg equilibrium, while the other breeds studied were in Hardy-Weinberg equilibrium, as indicated by the chi-square values.
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M: 50 bp ladder marker

M: 50 bp ladder marker
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Genotype frequencies
Allelefrequencies
Breeds
aa(%)
ab(%)
bb(%)
a
b
Holstein Friesian
00.0
48.9
51.1
0.24
0.76
Simental
00.0
18.4
81.6
0.09
0.91
Brown Swiss
10.5
34.2
55.3
0.28
0.72
All
3.30
34.71
61.98
0.21
0.79

χ2
4.46*
0.33
0.96
3.63

*

Allele
Genotype
freq. frequencies (%)

p<0.05

χ2
*

 
+($..(.($0'*(016:2()4(37(0&,(5)141 $54(564,&6,10%:
Holstein Friesian
Simental
Brown Swiss
aa
18.60
11.11
6.98
ab
37.21
0.00
0.00
bb
16.28
27.77
30.23
ad
2.33
22.22
9.30
bd
20.90
0.055
2.32
dd
4.65
5.55
11.63
a
0.38
0.22
0.19
b
0.45
0.44
0.52
d
0.16
0.33
0.29
6.36*
7.22
26.46**

**

p<0.05 p<0.01
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All
14.67
17.33
33.33
12.00
13.33
9.33
0.29
0.49
0.22
15.66**
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While the ab genotype frequencies were high in
the Holstein Friesian breed, the frequency of the bb
genotype was higher in the other breeds. The b allele
frequency was higher than other allele frequencies in
all breeds studied. The Simmental breed was in
Hardy-Weinberg equilibrium, while the other breeds
deviated from Hardy-Weinberg equilibrium, as indicated by the chi-square values.
In 10 cattle breeds, van Eijk et al. [12] have described PCR-RFLP genetic polymorphism of BoLADRB3.2, using three different enzymes: YI,
III and I. A total of 30 alleles have detected
as a result of digestion of these three endonucleases.
All alleles reported by van Eijk et al. were observed
in the breeds studied here.
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The role of the BoLA-DRB3 gene in the immune response and its highly polymorphic nature
make it one of the most important candidate genes in
disease resistance studies. Therefore, numerous
studies have been performed on this gene locus. For
instance, Dietz et al. [5] have recognised BoLADRB3.2*16 as a risk factor for mastitis. BoLADRB3.2*16 and *22 alleles are related with a lower
risk of cystic ovarian disease in Holstein dairy cows
[7]. Similarly, Schmutz et al. [16] have reported that
one BoLA-DRB3 gene pattern is related to resistance to Staphylococcus aureus mastitis.
The results of this study show that the BoLADRB3.2 gene region in cattle reared in Turkey is
highly polymorphic, and that the alleles of this region can be detected by the PCR-RFLP method. In
this study, to determine the variation in the BoLADRB3.2 gene region, YI and III restriction
enzymes were used. Three genotypes and two alleles, as a result of YI enzyme restriction, were
detected, while six genotypes and three alleles were
detected at the end of the III enzyme fragment.
The III restriction site at 167 bp was related with
Pro 56 amino acid, which involved the formation of
an antigen-recognition site of the MHC molecule
[17]. This site was recorded in 38% of Holstein Friesian, 22% of Simmental and 19% of Brown Swiss
animals.
Considering the above-mentioned results,
knowing the genetic variation in the BoLA-DRB3.2
gene region can provide information about the resistance of animals to various diseases. Therefore,
this study is significant for revealing the polymorphism of BoLA-DRB3.2 in cattle breeds reared in
Turkey.
Studies on the BoLA-DRB3.2 gene region are,
however, not sufficient. Once the alleles in this gene
region have been identified, the association of these
alleles with diseases must be examined. Thus, polymorphism in this gene region can be used as a genetic marker in breeding studies.
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The purpose of the study was to analyze the potential health-promoting components of some edible
forest species of fruits. These are Service tree ( 
 ), Black rosehip (  
), Red rosehip ( ), Bay fruit (
), Cornelian cherry ( ), Autumnolive (), and two different blueberry fruits (    and 
 ). In the present study, chemical and antioxidant activities, phenolic compounds as well as,
inhibition effects on important enzymes (acetylcholinesterase, xanthine oxidase and urease) of fruits
were studied. Total polyphenol, flavonoid content,
and the in-vitro antioxidant activity were evaluated
by DPPH and FRAP. The sugar contents and phenolic compounds of the fruits were analyzed by
HPLC-RID and HPLC-UV. Fruits was determined
the total polyphenol content (TPC) 1.10 to 19.87
mgGAE/g, total flavonoid content (TFC) 0.01 to
0.80 mgQE/g, DPPH values 0.22 to 6.03 mg/mL and
FRAP values 4.24 to 168. 02 µmol FeSO47H2O/ g.
All samples were determined various rate fructose
and glucose. HPLC-UV revealed fruits contained
different phenolic compounds. Inhibition values of
the enzymes were expressed as inhibition concentration (IC50: mg/mL or µg/mL). It can be concluded
that edible forest fruits are a potential source of antioxidants with therapeutic importance as well a natural enzyme inhibitor.



nutraceuticals [1]. Global interest in the consumption of foods with high levels of functional properties and nutraceutical compounds is gaining momentum [2]. Among these types of foods, fruits are
among the most important functional and nutraceutical foods in our diets [3]. The increased consumption of berries that are naturally rich in phenolic
compounds is found to be associated with the prevention of cardiovascular diseases, diabetes, cancer,
and obesity. Phenolic compounds are widely distributed in such plants where they act as attractants for
certain insects, as free radical scavengers, and in defence against ultraviolet radiation, pathogens and
predators [2]. In this context, forest fruits are known
for being rich in bioactive compounds, including flavonoids, phenolic acids, tannins and anthocyanin’s
[3]. Today fruit flavours, personal fruit choices, and
leading a healthy lifestyle are majör reasons for fruit
consumption. Fruits play a significant role in human
health as a highly nutritional and functional food. On
the other hand, before the development of modern
medicine forest fruits were used in the healing of
various diseases and are well-known in folk-medicine [4, 5].
For this reason, fruit consumption has been increasing at local and international markets each passing day. Many scientific studies have shown that dietary intake of fruits has several benefits including
antioxidant, antibacterial, antiviral, anticancer, immune system regulation, cholesterol lowering, free
radical scavenging effects. Fruits also fight against
oxidative damage of the cellular macromolecules
like DNA, protein and lipid, prevent ulcers, and protect the liver and cardiovascular system [6, 7]. Therefore, the current studies mostly focus on the bioactive components and enzyme activities of fruits and
natural products [8].
Around the world, especially in developed
counties as well as Turkey, there has been an increasing interest in high antioxidant and anthocyanin rich
fruits, which are vitally important for human health,
and for the products made from these fruits. Many
studies have been carried out on the fruits of plants
across the globe; however, a limited number of studies have been carried out in Turkey. The purpose of

,*"%&
Antioxidant, acetylcholinesterase, xanthine oxidase, urease, phenolic compounds, HPLC
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Non-wood forest products (NWFPs, fruits,
wild herbs, mushrooms) are bio-merchandise commonly consumed worldwide. NWFP are typically
used in functional and premium class foodstuffs and
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the solution was adjusted with methanol. The methanolic extract was divided into two parts, the first being used for antioxidant tests and enzyme inhibition,
the second for phenolic analysis with HPLC.
The second part methanolic extract was evaporated until dryness with a rotary evaporator at 40° C.
The residue was dissolved in 15 mL acidified distilled water (pH 2). Liquid–liquid extraction was carried out with 5×3 mL diethyl ether and 5× 3 mL ethyl
acetate, consecutively [10]. Both diethyl ether and
ethyl acetate phases were pooled and dried by rotary
evaporation (IKA-Werke, Staufen, Germany) at
40°C. The pellet was resuspended in 2 mL methanol,
filtered with syringe filters (RC-membrane, 0.45
µm), and injected to HPLC.

=@6?2C?=.0?6;:3;=>@4.=>Fruit extractions
were carried out according to the method described
by Kafkas et al. [11]. with some modifications. Fruit
samples were dried in an oven at 45 °C for one week.
Dried samples were powdered by a crusher and approximately 1 g of each sample was weighed. Powdered fruit samples were transferred to a screw cap
Eppendorf tube with 20 mL of aqueous ethanol (80%
v/v). A reaction mixture was placed in a shaker and
shaken at room temperature for 24 h/200 rpm. Particles were removed with filter paper and the liquid
part evaporated to dryness with an evaporator. The
residue was dissolved with 2 ml of distilled water
and filtered before HPLC analysis.

2?2=96:.?6;: ;3 ?;?.8 <52:;860 0;:?2:?
'# .:1 ?;?.8 38.A;:;61 0;:?2:? ' The
TPC was determined using the Folin-Ciocalteau
method following Slinkard and Singleton [12].
Briefly, 680 μL of distilled water, 400 μL of 0.5 N
Folin-Ciocalteu reagent, 20 μL of various concentrations of gallic acid and samples were mixed and vortexed. After a 3 minute-incubation, 400 μL of
Na2CO3 (10%) solution was added and vortexed.
Then, the mixture was incubated for 2 hours at 20 °C
with interrupted shaking. After that, the absorbance
of the mixture was measured at 760 nm using a spectrophotometer. Results were expressed as mg gallic
acid equivalents (GAE) per g dry weight (mg GAE/g
DW). 

our study was to examine the antioxidant capacity,
phenolic compositions, anti- acetylcholinesterase,
anti- xanthine oxidase, and anti- urease activities of
different types of forest fruit plants (service tree,
black rosehip, red rosehip, bay fruit, Cornelian
cherry, autumn-olive, bilberry and Caucasian whortleberry).
'%&! '"&

52960.8>All the reagents used were of analytical grade. All phenolic acid standards were obtained from Sigma-Aldrich Chemie GmbH (Germany) and Merck (Darmstadt, Germany). Trolox
was supplied by AppliChem (Darmstadt, Germany).
Folin–Ciocalteu’s phenol reagent and TPTZ were
purchased from Fluka Chemie GmbH (Switzerland).
Jack bean urease, urea, acetohydroxamic acid, sodium nitroprusside, iron(III) chloride hexahydrate
(FeCl3.6H2O),
2,4,6-Tris(2-pyridyl)-s-triazine
(TPTZ),
iron(II)
sulfate
heptahydrate
(FeSO4.7H2O), and DPPH (2,2-Diphenyl-1-(2,4,6trinitrophenyl) hydrazyl) were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Sodium acetate, ferric chloride, and glacial acetic acid were obtained from Merck. LC syringe filters (RC-membrane, 0.2 µm) were obtained from Sartorius Minisart RC 15, Sartorius (Darmstadt, Germany).

=@6?9.?2=6.8A total of 8 samples of forest
fruits were obtained from the Black Sea region situated in north Turkey, during 2017. The samples were
maintained frozen and stored at -18 °C until analysed
(Table 1).
=@6? 2C?=.0?6;: 3;= .:?6;C61.:? .0?6A6?D
<52:;860.:.8D>6>.:12:ED926:56/6?6;: The samples were extracted using the method described previously by Can and Baltas [9]. Approximately 5 g of
each fruit sample was added to an equal volume (50
mL) of 99% methanol and homogenized in a blender
for 3 minutes. The mixture was continuously stirred
with a shaker (Heidolph Promax 2020, Schwabach,
Germany) at room temperature for 24 h. Particles
were removed with filter paper. The final volume of
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Red Rosehip
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Bay fruit
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Bilberry
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:A6?=; .:?6.02?D805;86:2>?2=.>2 .:?6C.:
?56:2 ;C61.>2 .:1 .:?6@=2.>2 .>>.D Sample extracts were subjected to the method by Ellman [16]
to evaluate their potency to inhibit the acetyl cholinesterase (AChE, from Electric Eel, (Sigma–Aldrich,
St. Louis, USA). As a control, an identical solution
of the enzyme without the inhibitor was processed
using the same protocol. Donepezil hydrochloride
was used as a positive control. All processes were
assayed in triplicate.
The anti-xanthine oxidase activity was determined using a slight modification according to the
methods by Hayashi [17]. A well known XO inhibitor (XOI), allopurinol (Sigma–Aldrich, St. Louis,
USA) was used as a positive control for the inhibition test. The IC50 values of extracts were determined
as the concentration of extract that gives 50% inhibition of maximal absorbance.
Urease catalyzes the hydrolysis of urea into
carbon dioxide and ammonia. The production of the
ammonia was measured using the indophenol
method by Weatherburn [18]. Acetohydroxamic
acid was used as standard inhibitor. To calculate IC50
values, different concentrations of each extracts and
standards were assayed at the same reaction conditions. The inhibition concentrations of the extracts
(IC50) were calculated from the dose response curve,
which reduced absorbance by 50%.

The TFC was determined by Fukumoto and
Mazza [13]. Briefly, 0.5 mL samples, 0.1 mL of 10%
Al(NO3)3 and 0.1 mL of 1 M NH4.CH3COO were
added to a test tube and incubated at room temperature for 40 minutes. Then, the absorbance was measured against a blank at 415 nm. Results were expressed as mg quercetin equivalents (QE) per g dry
weight (mg QE/ g DW).
Antioxidant activities; Ferric reducing antioxidant power (FRAP) and DPPH % SC50 scavenging
activity assay.
The FRAP assay was conducted as described
by Benzie and Strain [14]. The fresh FRAP reagent
was made by adding 100 mL of 0.3 M acetate buffer
pH 3.6, 10 mL of 10 mM TPTZ solution in 40 mM
HCl and 10 mLof 20 mM FeCl3 in a ratio of 10:1:1
and 12 mL of distilled water at 37 °C. In brief, the
reaction mixture consisting of 100 µL of the sample
and 3 mL of freshly prepared FRAP reagent was incubated at 37 °C for 4 min and the absorbance was
measured at 593 nm against a control. Results were
expressed as µmolFeSO4.7H2O/g DW).
DPPH% scavenging activity was measured according to the method described by Molyneux [15].
Each extract solution (0.75 mL was added to 0.75 ml
of a freshly prepared 0.1 mM DPPH solution dissolved in methanol. The mixture was shaken and left
to stand at room temperature for 50 min in the dark.
The absorbance was read at 517 nm against a control
using a spectrophotometer. The values were shown
as SC50 mg/mL sample representing the concentration of each sample that resulted in 50% scavenging
of DPPH radicals.

:.8D>6> ;3 <52:;8600;9<;@:1> /D#
Sixteen standards of phenolic compounds (Gallic
acid, protocatechuic acid, catechin, chlorogenic acid,
vanillic acid, caffeic acid, syringic acid, ferulic acid,
-cumaric acid, rutin, benzoic acid, -cumaric acid,
quercetin, ellagic acid, -cinnamic acid, curcumin)
were analyzed using HPLC (Elite LaChrom Hitachi,
Japan). The sample was injected into the HPLC system with a reverse phase C18 column (150 mm x4.6
mm, 5μm; Fortis). The mobile phase was a mixture
of solvent A (2% AcOH in water) and solvent B
(70:30, acetonitrile/water) which was sonicated before stirring and continuously degassed by the builtin HPLC system. The injection volume was 25 μL
and the column was kept at 30 °C. The flow rate was
kept constant at 1 mL min−1 using gradient programming; starting the flow of mobile phase as B (5%) to
three minutes, gradually increasing (up-to 15, 20, 25,
40 and 80% at 8, 10, 18, 25 and 35 minutes respectively) and decreasing to 5 % at 40 minutes and left
for 10 minutes to equilibrate in the column. Phenolic
profile was determined according to Can and Baltas
[9].


&?.?6>?60.8 :.8D>6> Antioxidant, phenolic
compounds and enzyme inhibition data were carried
out by three replicates (n = 3), and values were presented as the mean of three replicates. The SPSS version 17.0 statistical software package was used for
all statistical analysis.


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

';?.8 <52:;860 0;:?2:? '# .:1 ?;?.8 38.
A;:;610;:?2:?'In this study, fruits’ phenolic
compounds were determined as TPC and TFC. TPC
is at the same time a marker of a fruit’s antioxidant
capacity and is generally used as an antioxidant test.
The comparative data about total phenolic, total flavonoid and other antioxidant activity content in wild
berries are presented in Table-2. Flavonoid, phenolic
and triterpenes are natural secondary metabolites
that exist in fruits and plants [19]. In this study, fruit
flavonoid compounds were determined as TFC spectrophotometric assay. The results are shown in Table
2. DPPH and FRAP assays’ results are shown in Table 2.
Total polyphenol and flavonoid of some edible
fruits were determined. TPC levels varied widely,
between 1.90 and 19.868 mg GAE/g. The total phenolic content in Cornelian cherry was found to be
higher and service tree was found to be lower than
that in other fruits. Black rosehip and red rosehip,
also showed high TPC, with values of 18.867 and
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cause of differences between day and night temperatures, irradiation, herbivory, and pathogenic infection [25].
The total flavonoids (TFC) amount of fruits
was found between 0.005 and 0.866 mg QE/g in this
study. Black rosehip samples exhibited the highest
amount of TFC (0.866 mg QE/g) and service tree the
lowest was 0.005 mg QE/g. Roman et al. [22] reported that TFC amount of the R.  was 1.63
mg/g. TFC of services tree were found 0.005 mg QE/
g in this study. One study reported that the total flavanoid content of services tree fruits collected from
Croatia varied between 6.8 and 37.0 mg QE/ g dw in
immature exocarp, immature mesocarp, mature exocarp and mature mesocarp [26]. Other studies have
also reported that total flavanoid content of services
tree fruit is 18.56 µg QE/ mg [27]. This discrepancy
is explainable by different vegetative conditions or
by differences in the extraction and sample preparation procedures used in studies [28]. The TFC of autumun-olive 0.552 mg QE/g was found in this study
Islaq et al. [24] compared to the TFC of autumunolive that were obtained by four different extraction
methods (water, methanol, aceton and n-hexane).
The authors were reported to be 3.8 mg QE/g for water, 3.2 mg QE/g for methanol, 1.5 mg QE/g for acetone, and 3.4 mg QE/g for n-hexane [24]. These results showed that the phenolic and flavanoid content
of berries are affected by extraction procedure. This
may be attributed to the different flavanoid content
in the sample.

5.909 mg GAE/g, respectively. A study by Tural and
Koca [20] found the TPC in twenty-four Cornelian
cherry species to be between 2.81-5.79 mg GAE/g
FW. The TPC of Cornelian cherry fruits from Bosnia-Herzegovina, as studied by Drkenda et al. [21]
was found to be 119.10- 230.63 mg 100 g-1 FW. On
the other hand Roman Stănilă and Stănilă [22] who
studied the total polyphenol content of the eight rosehip fruit species, reported between 326 and 575
mg/100 g, data which are lower than in our study
[22]. The fruits of bilberry, Caucasian whortleberry
and services tree showed a significantly lower phenolic content than fruits of the rosehips species. In
our study, the fruit of autumn olive also showed high
level of phenolic content, 1.905 mg GAE/g (Table2). [23] also studied the TPC of different genotypes
of autumn olive. The authors reported that the total
phenolic content of autumn olive species varied from
168.9 to 258.1 mg GAE/100 g. Other studies have
also reported that the total phenolic contents of autumn olive () extracted with water, methanol, acetone and n-hexane were found
20.0, 18.6, 18.2, 16.3 mg GAE/g, respectively [24].
The TPC amount of autumn olive in our study is similar with this literature. Finally, the TPC amounts of
some fruit species are not similar with the literature.
The difference observed in TPC can be attributed to
the different locations as well as the fact that synthesis phenolic compounds are affected by various abiotic and biotic factors, including temperature, be-

&.9<82>
Service tree
Black Rosehip
Red Rosehip
Bay fruit
Cornelian cherry
Autumn-olive
Bilberry
Caucasian whorthberry
Trolox


' 
:?6;C61.:?0?6A6?D;3=@6?&.9<82>
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'
##
94 4
94$ 4
& 
>.9<82
>.9<82
94 9
1.128±0.04
0.01±0.00
6.03±0.01
18.87±0.10
0.87±0.01
0.27±0.01
5.91±0.02
0.81±0.02
1.23±0.01
2.60±0.03
0.14±0.01
5.27±0.03
19.87±0.27
0.59±0.01
0.22±0.01
1.91±0.03
0.55±0.01
4.21±0.01
2.06±0.01
0.72±0.01
2.45±0.01
1.94±0.01
0.80±0.01
3.60±0.02
0.004±0.00
' 
&@4.=0;:?2:?;33=@6?>.9<82>

%#
F9;82&" " 4
4.27±0.03
151.37±1.15
91.33±0.88
4.24±0.12
168.02±7.41
8.92±0.06
30.00±0.08
21.98±0.02

&.9<82
=./6:;>2 %6/;>2 =@0?;>2
8@0;>2
&@0=;>2
Service tree
N.D.
N.D.
4.82
3.45
N.D.
Black rosehip
1.10
1,14
2.57
2.23
1.30
Red rosehip
0.66
1,11
4.85
3.53
0.67
Bay fruit
N.D.
N.D.
1.71
1.03
N.D.
Cornelian cherry
N.D.
N.D.
2.00
2.50
0.57
Autumn-olive
N.D.
N.D.
4.70
2.34
N.D.
Bilberry
N.D.
N.D.
6.80
7.10
N.D.
Caucasian whortleberry
N.D.
N.D.
5.00
4.96
N.D.
*N.D. : not detected, * Galactose, Theralose, Melebiose and Melesitose couldn’t be determined.
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:?6;C61.:?.0?6A6?DMolecules known as antioxidants prevent oxidation in living organism by
decreasing free radicals or by eliminating these [29].
There are many methods of measuring the antioxidant capacity in natural products [30]. Antioxidant
capacity of fruits and plants are affected by different
mechanisms of action of their antioxidant constituents. A single method is usually insufficient when
determining antioxidant activity. Therefore, this capacity could be evaluated by a variety of methods
pertaining to different mechanisms. As a result of
DPPH and FRAP assays were used to properly evaluate the antioxidant capacity of dry fruit sample (Table 2). FRAP values 4.27 to 168.02 (μmolFe
O4.7H2O/g DW) and DPPH values ranged from 0.22
to 6.03 mg/mL. The DPPH and FRAP results proved
that the Cornelian cherry fruits especially possess a
higher antioxidant capacity compared to the other
fruits. Findings from Table 2. Illustrate that the lowest antioxidant activity according to FRAP and
DPPH methods is seen in service tree. When forest
fruits are examined from Table 2, it seen that all forest fruits are an important antioxidant source. Hassanpour et al. [31] investigated the antioxidant activity of the Cornelian cherry (  L.) fruits
naturally growing in East Azerbaijan and Iran. The
DPPH antioxidant activity was determined as
82.87% in fresh fruit samples. A study conducted in
Iran analyzed the antioxidant capacities of bay fruits
using the DPPH method with three different extraction methods (Ultrasonic, Maceration and Soxhlet).

&@4.=;:?2:?Organic acids and sugars contribute greatly to the taste and flavour quality of
fruits [32]. Among these compounds, fructose is especially significant. Sugar compounds and amounts
are shown in Table 3. According to this, fructose and
glucose sugar were determined as the major monosaccharide in all fruits. In addition to these sugar
compounds, arabinose, ribose, sucrose and maltose
were also found in various rates in different fruits.
While the highest fructose to glucose ratio among the
berries was identified in bilberry, the lowest fructose
to glucose ratio was found in bay fruit. Glucose,
fructose and sucrose compounds were found in the
fully ripened fruits as a result of the sugar analysis of
bilberry and Caucasian whortleberry collected in the
Black Sea Region. It was reported that the compounds found in Caucasian whortleberry were
25.32% fructose, 26.20% glucose and 1.02 sucrose.
These ratios are reported for bilberry as 32.90% fructose and glucose and 1.81% sucrose [33]. We could
not detect any sucrose in the fruits of bilberry and
Caucasian whortleberry.

#52:;860 0;9<;@:1> The phenolic compounds in fruits are crucial with regards to their functions in promoting human health, their effects on
taste and odour formation, and their involvement in

colour formation and changes, and also their antimicrobial and anti-oxidative effects. In this study,
among the fruits investigated by the RP-HPLC-UV
analysis, the 16 phenolic acids were determined
qualitatively and quantitatively. The results are presented in Table 4. Phenolic compounds are ubiquitous in both plants and fruits, and when plant and
fruit foods are consumed, these phytochemicals contribute to the intake of natural antioxidants in human
diets. The phenolic contents of the fruits were determined by HPLC-UV. The results indicated that gallic acid and protocatechuic acid were detected in all
fruits except this bilberry and Caucasian whortleberry, whereas no curcumin was detected in any
fruit. Other compounds were found at different levels in some berries. Catechin, -cinnamic acid, rutin
and elangic acid were found dominant compound in
services tree, black rosehip, bay fruit and autumn-olive respectively. While, chlorogenic acid was found
to be the dominant compound in bilberry and Caucasian whortleberry, gallic acid was found to be the
dominant compound in black rosehip and Cornelian
cherry.
Demir et al. [32]. reported that as a result of the
qualitative analysis they performed on rosehip berries (  ,      
 and ) gallic acid and cathecin are the most dominant compounds [30]. The
literature is largely parallel with this study. However, authors found higher amounts of gallic acid and
catechin compered to our study. Compared with this
study, chlorogenic acid was not found to be a dominant compound, while gallic acid was determined
dominant compound for cornelllian berry. However,
authors found higher amount of gallic acid and
chlorogenic acid compared to our study. According
to Hakkinen and Torronen [34] the reason for this is
that the hybrid of the same plant variety demonstrated differences in the synthesis of the phenolic
compounds [34].
Gallic acid was determined as a major constituent in Cornelian cherry fruits as well. It was also
reported that gallic acid decreases the peroxidation
in human brain phospholipids [35]. Ellagic acid was
determined as a major constituent in autumn-olive
fruits though. In vitro studies have revealed that ellagic acid possesses anticancer effects on breast,
prostate and pancreatic cancer cells [36]. Catechin
belonging to a group of flavonoids was determined
as a major constituent in autumn olive fruits. However, catechin was determined as a routine major
constituent in bay fruit.
:?6.02?D805;86:2>?2=.>2.:?6C.:?56:2;C6
1.>2.:1.:?6@=2.>2.>>.D This study has examined the enzyme inhibition activities (acetylcholine
esterase, xanthine oxidase and urease) of methanol
fruit extracts. The results are shown in Table 5.Enzymatic activities such as those of acetylcholine esterase, xanthine oxidase and urease exhibited by

6094

"!

 #   







    



.@0.>6.:
B5;=?82/2==D

2.17±0.02

1.41±0.05

0.14±0.00

12.60±0.07

0.19±0.00

N.D.

N.D.

1.46±0.001

8.69±0.17

3.73±0.31

9.88±1.30

1.79±0.03

N.D.

N.D.

14.94±0.40
1.50±0.03
0.27±0.08
1.27±0.06
N.D.
0.17±0.01
0.07±0.00
N.D.
0.87±0.01
N.D.
2.60±0.05
N.D.
N.D.
N.D.

1.17±0.001
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
1.58±0.01
N.D.
N.D.
N.D.

3.30±0.72
N.D.
1.32±0.05
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
0.03±0.00
N.D.
N.D.
14.52±0.10
N.D.

7.97±0.16
N.D.
0.78±0.18
N.D.
3.41±0.05
N.D.
2.12±0.01
14.19±0.19
N.D.
N.D.
3.14±0.32
N.D.
5.06±0.08
N.D.

N.D.
0.81±0.00
N.D.
N.D.
N.D.
0.92±0.19
0.07±0.02
N.D.
N.D.
N.D.
3.34±0.18
N.D.
N.D.
N.D.

N.D.
N.D.
1.41±0.04
N.D.
2.06±0.02
2.64 ±0.00
N.D.
N.D.
N.D.
N.D.
N.D.
28.22±0.03
4.75±0.01
N.D.

N.D.
13.96
N.D
8.25
2.31
0.25
N.D.
0.22
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.

N.D.
19.98
N.D
2.76
0.67
0.87
N.D.
0.54
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.

68/2==D

;=:286.:
052==D

0.06±0.00
2.55±0.09

@?@9:
;86A2

.D3=@6?

Gallic acid
Protocatechuic
acid
Catechin
Chlorogenic acid
Vanillic acid
Caffeic acid
Syringic acid
Ferulic acid
p-cumaric acid
Rutin
Benzoic acid
o-cumaric acid
Quercetin
Ellagic acid
t-cinnamic acid
Curcumin

%21=;>256<

&?.:1.=1

&2=A602?=22

8.07=;>256<

'
#52:;8600;9<;@:1>;33=@6?>.9<82>

!.=Not detected, *%2>@8?> µg phenolic compounds/g samples



'
:?6.02?D805;86:2>?2=.>2.:?6C.:?56:2;C61.>2.:1.:?6@=2.>2.06?6A6?D;33=@6?>.9<82>
&.9<82>
Service tree
Black Rosehip
Red Rosehip
Bay Fruit
Cornelian cherry
Autumn-olive
Bilberry
Caucasian whortleberry
Donepezil (μg/mL)
Allopurinol (μg/mL)
Acetohydroxamic Acid (μg/mL)

:56/6?6;:;3.02?D805;86:2>?2=.>2
 94 9
5.41±0.02
0.68±0.01
1.13±0.01
2.55±0.03
0.09±0.01
3.63±0.01
3.89±0.03
4.11±0.02
17.13±0.02

:56/6?6;:;3C.:?56:2
;C61.>2
 94 9
2.98±0.06
0.29±0.03
0.97±0.01
1.92±0.01
0.02±0.01
2.71±0.01
2.77±0.03
3.59±0.03

:56/6?6;:;3@=2.>2
 F4 9
3.82±0.02
0.09±0.01
0.74±0.02
1.59±0.01
0.03±0.01
3.39±0.03
2.13±0.03
3.68±0.07

0.52±0.01
25.09±0.02

cherry (  L.) fruit was revealed to be a
stronger inhibitor compared to the other fruits.
The third enzyme, urease is a vitally crucial
nickel- dependent enzyme which catalyzes the hydrolysis of urea to ammonia and carbon dioxide in
the luminal bacterial metabolism. The findings have
shown that the Cornelian cherry (  L.)
fruits possess a higher anti-urease activity compared
to the other fruits. The highest activity was observed
in the Cornelian cherry ( L.) fruits in all
three enzymes. Another study was foundXOI and
urease effects on Pyrus elaeagnifolia pears and the
IC50 values to be 10.75 and 0.97 mg/mL respectively
[38]. In our study urease effect red rosehip IC50 value
0.74 mg/mL was found. In another study it was reported that aqueous extract of    L.
(  ) lotus exhibited highly efficient
anti- AchE activity and anti-urease 312 with an IC50
value of 16.75 and 1.55 mg/mL respectively [39]. In
our study all the fruits were found to be potent inhibitors for three enzymes.

plant and fruit based actives have been mostly observed from phenolic and flavonoid compounds. The
results of enzyme inhibition are shown in Table 5. It
was detected that the amount of the anti-AChE activity varied in fruits. Acetylcholine inhibitors are
commonly used in the treatment of glaucoma and
Azheimer’s disease [37]. Our results have revealed
that fruits, especially the Cornelian cherry fruit could
be utilized as a natural acetylcholine inhibitor.
The second enzyme, xanthine oxidase (XO),
catalyzes the conversion of hypoxanthine to xanthine and of xanthine to uric acid in the metabolism
of purines degradation. Since the water solubility of
uric acid is rather low, it excessively accumulates especially in the kidneys and joints. The high level of
uric acid in the blood inhibits the formation with acetylcholine inhibitors in the body. It is reported that
commercially available inhibitory drugs have numerous side effects [38]. For this reason, inhibitors
with minimum side effects should be provided. In
this study, the anti-xanthine oxidase activity was examined in fruits, and among the fruits, the Cornelian

6095

"!

 #   







    


"!(&"!&

Phytochemical profiling of some forest fruits
evaluated in this study revealed a diverse range of
antioxidant activity, polyphenolic compounds, sugar
content and some biological activities. In conclusion, all forest fruits with high antioxidant activities,
are quite rich in phenolic composition and were seen
to exhibit high enzyme inhibitions. In this respect,
there appears to be a linear relationship between antioxidants and enzyme inhibitions. This study has revealed that the daily consumption fruits are not only
an important part of a healthy diet and but also help
to prevent the development of many diseases. As a
results it can be concluded that edible forest fruits are
a potential source of antioxidants with therapeutic
importance as well as powerful natural enzyme inhibitor source.
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This paper analyzes the ecological and climatic
factors of corn growing areas. Based on the analysis
of climate characteristics, combined with the ecological adaptability of corn, it comprehensively evaluates the characteristics of climate resources in corn
growing areas from a macroscopic perspective, so as
to make more rational use of ecological climate resources. Advantages, research on how to take targeted measures to better improve the utilization efficiency of corn for precipitation and irrigation, to
maximize the output with minimum input, and to
achieve high yield and quality of corn production.



According to the relationship between climatic
factors and corn ecological adaptability, corn is one
of the most suitable crops and the first major grain
crop. Therefore, it has obvious climate resource advantages in the development of corn production, and
rational use of climate resources. It is the key to corn
yield increase. This paper analyzes the climatic factors of corn planting area by principal component
analysis (PCA) to reveal the laws affecting the distribution of corn planting area, and provides scientific basis for analyzing the ecological adaptability
of corn and climate division of corn planting area
[15-18].


$"#$ #

'& "#
Corn, Plant, Ecological Climate Factors, Ranking

;5+6/2+38(1 *+7/-3 The experiment was a
split plot on the basis of a completely randomized
block design in three replicates. The experimental
treatments including plant density (D, main plots) at
6, 8, 10, 12 plant/m2 and plant spacing (S, sub plots)
at 50, 60 and 75 cm were tested. The hybrid single
cross 958 genotype used for the experiment is among
the most planted hybrid and is used for the production of silage and grain. Its growth period is from 120
to 140 days and is a late mature genotype, and due to
its growth period has a higher rate of yield compared
with the other genotypes.



$" %$ 

Corn, known as maize (Zea mays L.), is originated in America. It was discovered by an European
explorer, Christopher Columbus, in 1492, and later,
was introduced to Europe, China, and all over the
world within the following 100 years [1-3]. Corn is
one of the major food sources in the world. Corn
contains significant amounts of bioactive compounds providing desirable health benefits beyond
its role as a major source of food. Beside corn grain,
sweet corn is considered as one of the most popular
vegetables in North America and China, and its popularity has rapidly increased in the world. Sweet corn
is among the top six vegetables consumed in the
United States [4]. Canned and frozen sweet corn is
ranked the third in among vegetables consumed in
the United States, only behind the canned tomatoes
and frozen potatoes.
Previously, phytochemicals of corn have received less attention than these of fruits and vegetables. The consumption of corn and other whole grain
products has been linked to the reduced risk of
chronic diseases including cardiovascular disease [57], type 2 diabetes, obesity [8-11], some cancers [12,
13], and with the improvement of digestive tract
health [14].

-64342/)(1 56()8/)+7 The experimental
field had been uncultivated the year before, and it
was cultivated for the experiment at the depth of 25–
30 cm. The fertilization was conducted according to
soil analysis and 1/3rd of N was fertilized at seeding
using 100 kg urea, which was immediately mixed
with the soil using disk. Each experimental plot consisted of four six- meter rows, which were planted on
the 30th of June at the depth of 5–6 cm. A metal ruler
was used to adjust the favorite plant density with respect to the plant spacing on, and between the rows.
The first irrigation was done immediately after planting, followed by the second irrigation four days later.
The plants were thinned at the V6 growth stage. The
broad leaf weeds were controlled using the herbicide
2, 4, D and the other weeds were controlled mechanically. The pests were controlled using Diazinon.
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spatial and temporal distribution is very uneven. It is
prone to drought, affecting the synthesis of dry matter such as starch, which is unfavorable for grouting
weight gain. From mid-September to late September, spring maize is in a mature stage, and the temperature is slower in autumn, which affects the maturity. If it is early frost, the grain can not mature
normally, which has a great impact on the yield.
Moisture is one of the main factors for crop
growth. It is the raw material for crops to produce
organic matter by photosynthesis. It transports nutrients to crops and affects a series of biochemical
changes in crop cells. Therefore, whether the water
condition is appropriate or not has a direct impact on
the growth and development of the crop, the yield
and the quality. Corn is a crop that requires more water. Understanding the response and adaptation
mechanism of corn to water changes is the key to
preventing and reducing disasters in corn production
and promoting sustainable corn development.

Corn is a thermophilic crop that is sensitive to
temperature. It can be seen from the Figure 1 and 2
that the temperature has a great influence on the
yield and the curve is gentle, indicating that the heat
condition basically meets the growth requirement of
spring corn and has little effect on the yield. In the
first half of the first half of May, the temperature effect is negative, which is related to the serious
drought in the northern region. The rapid increase in
spring temperature will aggravate the drought. In
early and late July (jointing - tasseling period), the
heat conditions at this stage are insufficient, which
delays the earing, tasseling and flowering of the
corn, and also affects the pollination quality of the
flowering period and affects the yield. The influence
of temperature in all parts of mid-August to late is
negative. At this time, the corn filling period is high,
the temperature is low, the rainfall is small, and the
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heavy rain have affected the accumulation of dry
matter, which is not good for maturity.
Corn is a high-efficiency C4 plant. Ample light
is conducive to the manufacture and accumulation of
more photosynthetic products, which is the material
basis for high yield. As can be seen from Figure 5,
from mid-April to mid-August (seeding-seedlingstretching-stretching), the sunshine of this period basically meets the growth needs of spring maize.
The trend of soil moisture fluctuation in surface
and deep soil is basically the same during the whole
growth period of maize, but the surface soil is more
susceptible to precipitation, irrigation, plant transpiration and soil evaporation. The growth and development of crops are closely related to soil water status. Under natural conditions, the trend of stem and
leaf area of irrigation and non-irrigated corn is the
same, but the growth characteristics of maize in irrigation area are better than that in non-irrigated areas.
The tasseling period - the milky stage is the
stage of corn reproductive growth and is sensitive to
water demand. During this period, the relative humidity of the irrigated and non-irrigated areas is not
less than 70%. According to Figure 6, there is a significant positive correlation between the difference

The seedling stage is mainly the vegetative organ establishment period, which is the stage of preserving the seedlings and the seedlings, promoting
the roots and roots to form strong seedlings, and creating favorable conditions for the later growth. For
Figure 3 and 4, from late April to mid-May (seedingemergence), most of the spring precipitation is
scarce. Insufficient soil moisture may delay the
planting period, and the seedlings grow slowly,
which is unfavorable for the formation of whole
seedlings and seedlings, and also delays the whole
development period and increases. The possibility of
suffering from the initial frost damage. From early
June to early August (seven leaves - jointing - tasseling), most of the precipitation is positive. In the
jointing-tuling stage, the vegetative organs such as
leaves and stems grow vigorously, the leaf area index increases sharply, and the male and female ear
protoplasts begin. Differentiation and rapid growth
of young ears are the most vigorous stage of corn
growth and development, and the demand for water
is also the greatest. At this time, drought will cause
poor development of young ears, small ears and few
grains. In the middle and late September, spring
maize has entered maturity, and low temperature and
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of dry matter accumulation between irrigation and
non-irrigated ground and the relative humidity difference of soil. That is, within a certain range of soil
moisture, irrigation treatment provides more suitable
soil moisture for corn growth period, which is beneficial to corn. Accumulation of dry matter on the
ground. During the ripening to maturity of corn, the
suitable soil moisture showed a favorable trend for
the formation of corn ear traits and yield.


 %# 





to make more rational use of ecological climate resources. Advantages, research on how to take targeted measures to better improve the utilization efficiency of corn for precipitation and irrigation, to
maximize the output with minimum input, and to
achieve high yield and quality of corn production.
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This paper analyzes the ecological and climatic
factors of corn growing areas. Based on the analysis
of climate characteristics, combined with the ecological adaptability of corn, it comprehensively evaluates the characteristics of climate resources in corn
growing areas from a macroscopic perspective, so as
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drugs have large adverse reactions and short duration of efficacy [2]. A study reports that the main
causes of vertigo are anemia, arteriosclerosis, heart
disease and endocrine hypertension [3]. Among
them, endocrine hypertension is a common cardiovascular disease with a clinical manifestation of
increased systemic arterial pressure, which can lead
to cardiovascular, cerebrovascular and renal disease
[4].
In recent years, traditional Chinese medicine
(TMC) treatment has attracted widespread attention
in the world, and has been widely used to treat
various diseases, such as inflammation, cardiovascular disease and cancers [5]. Those drugs with
good efficacy are discovered and developed on the
basis of long-term clinical experience accumulated
by Chinese medicine practitioners [6].
Based on many years of clinical experience,
we have developed a Chinese medicine prescription
Kangxuan Granule (KXG), which has been used to
treat various vertigo patients [7]. Moreover, we
have found that this drug has a good therapeutic
clinical effect on hypertension, cerebral arteriosclerosis, vertebrobasilar insufficiency, Meniere’s disease, and unstable walking caused by autonomic
dysfunction. In addition, the results of two months
of treatment with KXG, Yangxue Qingnao Granule
(YXQN) and enteric-coated aspirin showed that the
total effective rate of KXG was 96%, which was
superior to the other two drugs significantly. However, the roles of KXG in the vertigo patients are
still unclear. Therefore, in this study, we established
endocrine hypertension rat models, and study the
pharmacological effects and mechanisms of KXG
in vivo by detecting serum index, plasma index and
blood pressure.


%#$ %!$

%30 :<0:,<,>498 91 ) The compositions
of KXG were including    (Willd.)
Ohwi root,    L. spica,   
 Bl. root,     (Miq.) jachs.

Kangxuan Granules (KXG), a traditional Chinese medicine prescription, has been used for treating patients with vertigo. The aim of this study was
to investigate the effect of KXG on endocrine hypertensive model rats. SD rats were subcutaneously
injected with testosterone propionate to establish
endocrine hypertensive animal models. They were
treated with KXG (2.5 g/kg, 5 g/kg and 10 g/kg),
Yangxue Qingnao (YXQN, 2 g/kg), Captopril (CTP,
12.5 mg/kg) and the same volume of distilled water.
The average blood pressure and general behavioral
observation of rats were performed before modeling,
on 7 and 14 d after modeling and 7 d after drug
treatment. Then, after 2 h of medication on the
seventh day, angiopoietin-2 (ANG-2), endothelin
(ET), superoxide dismutase (SOD), malondialdehyde (MDA), alanine transaminase (ALT), aspartate aminotransferase (AST), triglyceride (TG) and
high-density lipoproteincholestero (HDL-C) were
detected. The systolic blood pressure (SBP) and
diastolic blood pressure (DBP), ANG-II, ET, TG,
SOD, MDA, ALT and AST levels were significantly increased, but HDL-C level was decreased in the
model group than the normal group. Moreover,
KXG added SOD and HDL-C levels, while reduced
SBP, SDP, ANG-II, ET, TG, MDA, ALT and AST
levels in dose dependent manner. Taken together,
our study suggests that KXG has a good effect on
endocrine hypertensive rat model.
*(!#$
Kangxuan Granule (KXG), traditional Chinese medicine,
blood pressure, hypertension, vertigo



 %#!&%! 

Vertigo is very common in the clinic. It is
closely related to hemorheological abnormalities
and cellular free radical damage [1]. At present,
there are many drugs to treat vertigo, but these
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stem and branches,   (Thunb.) Breit.
rhizome,     Hort. rhizome,
   Bge. root and Magnetitum (all
from Bozhou Pharmaceutical Company, Bozhou,
China). These were extracted twice with 8 volumes
of water at 100°C for 2 h. After filtration, the solution was evaporated under reduced pressure with
60% ethanol for 24 h. Then, the excipients were
added, mixed and granulated into Chinese medicine
prescription KXG. The average yield of KXG was
42% (w/w) according to the weight of the starting
materials.

%30 /0>0<748,>498 91 ) .98>08> KXG
content was evaluated by using puerarin content as
an indicator. Puerarin content was determined as
follows: KXG was dissolved in 30% ethanol and
ultrasonicated for 30 min. The solution was filtered
using a 0.45 µm membrane filter, and determined
by High Performance Liquid Chromatography
(HPLC) at 250 nm. The liquid chromatography was
performed as follows: puerarin was separated on a
Diamonsil C18 column (4.6 × 150 mm, 5 µm,
Dikma Technologies Inc., Beijing, China). The
mobile phase was methanol–0.1% phosphoric acid.
The column temperature was 30°C, and the injection volume was 10 µL. The linear range of puerarin was within 12–60 µg/mL (y = 0.0921x + 0.0774,
r = 0.9996), the average recovery was 100.1%, and
relative standard deviation (RSD) was 1.2% (n = 6).
These results indicated that the puerarin content in
the KXG was 1.6–1.8 mg/g (dry weight).

%30 0=>,-64=3708> ,8/ 2<9?:482 91 08/9
.<4803B:0<>08=4@0<,>79/06A total of 120 adult
male Sprague-Dawley (SD) rats (No.0013913,
Experimental Animal Center of Shandong, Jinan,
China) weighing 190–240 g were measured the
blood pressure for 3 d. Then, 100 rats with similar
blood pressure were selected to take the average
value of these 3 days as the initial blood pressure.
Ethical Guidelines and were approved by the Ethical Committee of 371 Central Hospital of PLA.
The 12 rats were randomly selected as the
normal group, and the other rats were used to develop endocrine hypertension models. The model
rats were injected subcutaneously testosterone propionate (5 mg/kg, B.W/d, Shanghai General Pharmaceutical Company, Shanghai, China) for 14 d,
and the normal group was injected subcutaneously
with the same amount of soybean oil daily. According to blood pressure levels, 72 hypertensive model
rats were randomly selected and divided into six
groups (n = 12). After modeling for 7 d, they were
given different concentrations of KXG suspension
(2.5 g/kg, 5 g/kg, 10 g/kg), YXQN suspension (2
g/kg, Tasly Pharmaceutical Company, Tianjin,
China), captopril (CTP) suspension (12.5 mg/kg,
Changzhou Pharmaceutical Company, Changzhou,
China) and the same volume of distilled water (con-

trol group). The normal group was given the same
volume of physiological saline for 7 d continuously.

080<,6 -03,@49<,6 9-=0<@,>498 The appearance, temperament change and amount of
drinking water of rats were observed in each group
were compared at 7 and 14 d after modeling and 2 h
after the seventh day of medication.

%30 -699/ :<0==?<0 ,==,B Before modeling,
the average blood pressure of rats was measured as
the starting blood pressure. The systolic blood pressure (SBP) and diastolic blood pressure (DBP) were
respectively measured in awake state of rats at 7
and 14 d after modeling and 2 h after the seventh
day of medication using BP-98A Series Rat Noninvasive Blood Pressure Meter (Softron Beijing
Biotechnology·Co., Beijing, China) [8].

8249:940>48     ,8/ 08/9>30648
%,==,BAfter 2 h of medication on the seventh
day, the orbital blood of rats was collected to detect
ANG-II and ET levels using ANG-II Kit and ET
Kit (R&D Systems, Inc., Minneapolis, USA) according to instructions.

$0<?748/0A0=,8/-699/64:4/=,==,BAfter
2 h of medication on the seventh day, the orbital
blood of rats was collected to detect superoxide
dismutase (SOD), malondialdehyde (MDA), alanine transaminase (ALT), aspartate aminotransferase (AST), triglyceride (TG) and high-density lipoproteincholestero (HDL-C) using semi-automatic
biochemical analyzer (Beckman Coulter, Inc.,
Shanghai, China) [9].

$>,>4=>4.,6 ,8,6B=4= All data were expressed
as the mean ± standard error of mean (SEM). Student’s -test was used to analyze the differences
between groups. P < 0.05 was considered statistically significant.


#$&%$

B:0<>08=4@0 79/06482 After 14 days of
modeling, the SBP and DBP of model group were
significantly higher than those of the normal group
(P < 0.01), conversely, the ANG-II and ET levels
were significantly decreased in the model group (P
< 0.01). These suggested that the endocrine hypertensive rat models were successfully established.

080<,6 -03,@49<,69-=0<@,>498 The rats in
the normal group had glossy fur, bright eyes, quick
movements, and were sensitive to changes in the
surrounding environment. In the hypertensive group,
the rats were dull, thin and thirsty, while their water
intake increased. They were resisted severely with
screaming and rampage when the neck was caught,
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and fought with cage rats frequently. In the KXG,
YXQN and CTP groups, the mental state of the rats
improved, the fighting was decreased and the fur
was gradually shiny after 7 days of treatment.

)/0.<0,=0/>3060@06=91-699/:<0==?<0
,8/ :6,=7, 48/0A0= 48 >30 08/9.<480 3B:0<>08
=49879/06<,>=The effect of KXG on blood pressure was shown in Table 1. Compared with the
control group, different concentrations of KXG (2.5
g/kg, 5 g/kg and 10 g/kg) reduced the SBP and
DBP in model rats, and decreased by 13.1-20.8
mmHg and 11.8-19.4 mmHg, respectively (P <
0.01). In addition, the SBP and DBP were reduced
in the YXQN and CTP group (P < 0.01).
Subsequently, the effect of KXG on plasma
ANG-II and ET levels was shown in Table 2. The
levels of ANG-II and ET in the control group were
higher than those in the normal group, but ANG-II
and ET levels decreased in a dose-dependent manner after the administration of KXG compared with
the control group. Specifically, 10 g/kg of KXG
reduced ANG-II levels from 371.7 ng/L to 318.2


ng/L, while 2.5 g/kg only decreased to 347.2 ng/L
(P < 0.01). The ET levels was decreased from 177.7
ng/L to 166.8 ng/L at 2.5 g/kg of KXG, 158.2 ng/L
at 5 g/kg of KXG and 154.1 ng/L at 10 g/kg of
KXG (P < 0.05). In addition, the ANG-II and ET
levels were reduced in the YXQN and CTP group
compared with the control group (P < 0.05 or P <
0.01).

%30 0110.> 91 ) 98 -699/ 64:4/= ,8/ =0
<?748/0A0=48>3008/9.<4803B:0<>08=49879/
06 <,>= The effect of KXG on blood lipids and
serum indexes levels was shown in Table 3. The
TG, SOD, MDA, ALT and AST levels were increased in the control group compared with the
normal group. After KXG, YXQN and CTP treatment, TG, MDA, ALT and AST levels were lower
than those in the control group, but SOD continued
to increase after treatment. The level of HDL-C was
significantly decreased in the endocrine hypertension model rats. These reductions returned to normal after drug treatment, and were dose-dependent
in the KXG group.


% 
110.>91)98-699/:<0==?<0  C=8

Initial (mmHg)
SBP
DBP

7 d (mmHg)
SBP
DBP



14 d (mmHg)
SBP
DBP

Group

Dose
(B.W/d)

Normal

-

97.8±2.3

67.3±4.9

97.9±1.6

68.2±3.8

98.5±1.9

70.0±4.8

Hypertension control

-

98.6±2.4

68.0±3.9

110.4±3.6##

77.9±2.8##

124.3±4.9#
#

89.8±4.5
##

CTP

12.5
mg/kg

98.1±2.2

67.8±3.4

110.5±4.8

77.8±2.7

124.5±7.3

88.0±6.2

YXQN

2 g/kg

98.4±2.4

68.6±4.7

111.1±4.8

77.1±3.8

123.0±6.3

89.0±5.6

KXG

10 g/kg

97.9±2.4

66.9±4.8

109.7±3.9

76.0±3.8

123.5±4.9

87.3±5.5

KXG

5 g/kg

98.2±2.8

67.2±4.9

110.6±3.7

76.5±3.8

123.5±5.4

86.2±6.0

KXG

2.5 g/kg

98.8±4.6

68.2±4.1

109.7±2.6

78.3±4.2

122.3±5.1

89.2±6.4

7 d and 2 h (mmHg)
SBP
DBP
69.2±3.
99.4±3.6
7
127.3±7.
91.0±4.
0##
8##
100.8±7.
69.6±9.
7**
8**
106.2±5.
73.3±4.
9**
8**
106.5±7.
71.6±7.
0**
2**
107.2±7.
74.5±8.
8**
3**
114.2±5.
79.2±1
2**
3.6**

## Significant (P<0.01) as compared to normal group,
** Significant (P<0.01) as compared to hypertension control group.

% 
110.>91:6,=7, ,8/%60@06=  C=8 
Group
Dose (B.W/d)
ANG-II (ng/L)
ET (ng/L)
Normal
313.3±26.4
137.8±12.1
Hypertension control
371.7±24.4##
177.7±26.4##
CTP
12.5 mg/kg
317.5±27.3**
154.3±23.7*
YXQN
2 g/kg
323.2±21.0**
156.6±18.3*
KXG
10 g/kg
318.2±26.3**
154.1±13.3*
KXG
5 g/kg
330.7±27.6**
158.2±18.0*
KXG
2.5 g/kg
347.2±30.1*
166.8±17.3
## Significant (P<0.01) as compared to normal group,
** Significant (P<0.01) as compared to hypertension control group,
* Significant (P<0.05) as compared to hypertension control group.
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% 
110.>91-699/64:4/=,8/=0<?748/0A0=  C=8 
Group
Normal
Hypertension control
CTP
YXQN
KXG
KXG
KXG

Dose
(B.W/d)
12.5
mg/kg
2 g/kg
10 g/kg
5 g/kg
2.5 g/kg

0.62±0.22

HDL-C
(mmol/L)
3.07±0.71

4.27±0.69

0.72±0.18

2.10±0.46

1.06±0.33

1.39±0.15##

2.33±0.45##

6.11±1.31##

1.25±0.22##

3.78±0.98##

3.67±1.10##

0.69±0.18**

3.10±0.52**

7.76±2.45**

0.75±0.51**

2.41±0.72**

1.01±0.65**

0.84±0.21**
0.76±0.11**
1.02±0.71**
1.25±0.54*

2.81±0.42**
2.99±0.83*
2.73±0.60*
2.51±0.38*

6.87±1.97*
7.12±1.77*
6.22±1.51*
5.76±1.03*

0.84±0.27**
0.82±0.18*
0.96±0.54*
1.11±0.17*

2.55±0.62**
2.56±0.34**
3.04±0.77**
3.53±0.82*

1.29±0.28**
1.27±0.46**
2.09±0.80**
2.95±0.57*

TG (mmol/L)

SOD (mol/L)

MDA (mol/L)

ALT (U/L)

AST (U/L)

## Significant (P<0.01) as compared to normal group,
** Significant (P<0.01) as compared to hypertension control group,
* Significant (P<0.05) as compared to hypertension control group.


$&$$! 

higher than those in the normal group, suggesting
that hypertension may be associated with hyperlipidemia. In vitro coronary endothelial cell experiments confirmed that hyperlipidemia cells could
up-regulate the expression of type II-1 receptor
under the action of oxidized low density lipoprotein
(LDL), thereby increasing the content of ANG-II
[14]. Our results also confirmed this view. We also
found that KXG decreased TG and ANG-II levels,
suggesting that KXG may reduce blood pressure by
lowering blood lipids. Abnormal blood lipid metabolism can participate in the pathogenesis of
hypertension by affecting the lipid structure of the
cell membrane [15]. Studies have reported that TC,
TG, LDL-C in hypertensive patients can act on the
cell membranes and change their permeability [16].
MDA is one of the most important products of
membrane lipid peroxidation, and its production
can also aggravate membrane damage [17]. In addition, an experiment has shown that the increase of
SOD activity can reduce the production of free
radicals and neuronal lipid peroxidation damage,
while inhibit neuronal apoptosis. It can also inhibit
vascular endothelial cells to generate free radicals
and protect endothelial cells [18]. Our results also
showed that KXG could reduce MDA level and
increase SOD activity.
ALT and AST are indicators of liver cell damage. Therefore, ALT will first enter the bloodstream
when cells are damaged, and AST also enters the
bloodstream when the cells are severely damaged,
resulting in an increase in both levels [19]. Our
study suggested that ALT and AST were increased
in the endocrine hypertensive model rats; KXG
could inhibit the productions of ALT and AST,
suggesting that KXG may retard liver injury in
hypertension.
Sum up, KXG has a good improvement on
endocrine hypertensive model rats. It has important
significance for preventing hypertension, thrombosis and vertigo caused by them, and also provides
a theoretical basis for the clinical application of
KXG.

KXG is a traditional Chinese medicine prescription, which has been used for treating patients
with vertigo. This prescription is mainly to reduce
liver fire and protect the liver, promoting blood
circulation and removing obstruction in channels,
phlegm and moisture in the body. Based on the
combination of pre-decoction and clinical effect of
the diseases, we constantly adjust the composition
and dosage of drugs in KXG, and finally confirm
all the ingredients. In order to investigate the effect
and mechanism of KXG, we established endocrine
hypertension rat models in the present study. We
found that KXG, YXQN and CTP showed similar
therapeutic effects on hypertension rats. Compared
with model group, the SBP, DBP, ANG-II, ET, TG,
MDA, ALT and AST levels were significantly
decreased; the levels of SOD and HDL-C were
significantly increased.
Arterial stiffening is a hallmark of the vascular
aging process, which is characterized by an imbalance in the production of collagen, elastin and other
vascular wall structural proteins, as well as an increase in vascular tone [10]. Among them, vasoconstrictor mediators include ET and ANG-II,
which facilitate vascular smooth muscle cell proliferation, fibrosis and remodeling [11]. ET is an
important factor regulating cardiovascular function,
and plays an important role in maintaining basic
vascular tone and cardiovascular system homeostasis. It is also known as the strongest vasoconstrictor
[12]. In fact, increased expression of ET has been
found in the arteries of animals. Hence, inhibition
of ET production may counteract the harmful effects of cardiovascular system damage to some
extent [11]. In this study, we found that KXG could
decrease ET level in the endocrine hypertensive
model rats, suggesting that KXG may reduce vascular injury in patients with hypertension.
A study has shown that hypertension and hyperlipidemia often coexist, and there is a common
metabolic abnormality and genetic background
between them [13]. The results of this study
showed that TG in the model group significantly
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plant physiological performance indicators. In addition, vegetation indices derived from remotelysensed data had the potential to estimate leaf area index (LAI), canopy chlorophyll concentration and foliar nitrogen (N) levels [5]. In addition, remote sensing is potentially a non-destructive method to estimate canopy structure, and stem water potential [4,
5, 6]. The precise large-scale modelling of leaf chlorophyll content is critical to the assessment of vegetation growth and physiology, and vegetation response to different ecological and climatic drivers
[7] and this has prompted us to hypothesize that remote sensing techniques might be suited to the assessment of canopy chlorophyll content in an orchard setting.
A chlorophyll meter (SPAD) is a hand-held,
non-destructive, convenient and reliable instrument
that can be used to determine whether sufficient N
has been applied to maintain optimal plant growth
[8]. However, using a chlorophyll meter to estimate
chlorophyll content on a large scale is labor intensive
(therefore, expensive), slow, and unsuitable for automation. Hyperspectral surface reflectance data has
the potential to estimate vegetation biochemical parameters such as the water status and chlorophyll
content [4, 9]. The detection of chlorophyll content
using hyperspectral remotely-sensed data can be upscaled to a large area, is suitable for automation, and
is fast. However, it is not known whether hyperspectral surface reflectance data is a robust way to detect
chlorophyll content (SPAD) of pecans during the
growing season. The objective of this study was to
assess the relationship between hyperspectral surface reflectance data from a handheld spectroradiometer and chlorophyll content assessed with a
SPAD chlorophyll meter.

We explored the relationship between hyperspectral surface reflectance data derived from a
handheld spectroradiometer and foliar chlorophyll
content of pecans. Canopy scale hyperspectral remotely-sensed data and foliar chlorophyll content
determined with SPAD meter were collected simultaneously from two mature pecan orchards for two
years. One pecan orchard was located in a clay loam
soil and the other in a sandy loam soil. Hyperspectral
surface reflectance data were correlated to chlorophyll content. The relationship between remotelysensed data and SPAD was high (R2 ≥ 0.8) to moderate (0.8 ≥ R2 ≥ 0.6) in the first year, and generally
weak (R2 < 0.6) in the second year in both orchards.
In the first year, canopy reflectance within the wavelength range 500 to 720 nm of the pecan orchard in
the clay loam soil had a moderate to strong relationship (R2 > 0.6) with SPAD compared to other wavelengths across the canopy reflectance spectrum (i.e.
350-500 and 730-2450 nm). Contour map revealed
that the band ratios with a numerator consisting of
any wavelength within the 600 to 680 nm range and
a denominator of any wavelength along the visible
and near infrared spectrum (350 – 1600 nm) had high
correlations with SPAD in both orchards in the first
year. The vegetation indices NDVI, mNDVI, SIPI,
SIPI2 and PSRI also had high regression values
(0.91 ≥ R2 ≥ 0.87) with SPAD in clay loam site and
moderate regression (0.73 ≥ R2 ≥ 0.67) in sandy loam
site in the first year. Overall, canopy surface reflectance data holds promise for studying foliar chlorophyll content in pecan orchards.


%$ 
     vegetation index, SPAD, NDVI,
remote sensing.
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89)= .8*7 The study was conducted in two
mature pecan (     Wangenh. C.
Koch) orchards, from May 2012 to Dec. 2013 in the
Mesilla Valley, New Mexico, USA. The first orchard was located at New Mexico State University’s
Leyendecker Plant Science Research Center (32o 12′
01.14″ N, 106o 44′ 30.32″ W, elevation 1173 m) and
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Remote-sensing techniques hold potential for
detecting and predicting plant biophysical properties
[1, 2, 3]. For example, Othman et al. [4] successfully
related hyperspectral surface reflectance indices to
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1:00 p.m. [10] and all measurements were made on
the second orchard was in the northern Mesilla Valthe ‘Western’ cultivar. Leaf chlorophyll content
ley (32o 17′ 06.25″N, 106o 50′ 04.26″ W, elevation
(SPAD) was determined using a chlorophyll meter
1185 m). Both sites were composed of two cultivars
(SPAD-502 Plus, Minolta, Japan). Chlorophyll con‘Western’ and ‘Wichita’. The ‘Wichita’ cultivar
tent was measured on each of the middle pair of leafused as a pollenizer and was about 25% of total pelets from two leaves and both values were averaged
can grown in each orchard. Trees from the first orto one value prior to statistical analysis. Chlorophyll
chard were grown in clay loam soil whereas those in
content measurements were synchronized with the
the second orchard were grown in sandy loam soil. 
handheld spectroradiometer measurements. 
For clay loam soil orchard, trees were 20 – 30
Canopy spectral reflectance within the 350 –
years old, 7 to 9 m high, 4 to 6 m wide (canopy),
2500 nm spectral range (1 m nadir distance) was
spaced at 6 – 7 m within rows and 8 m between rows,
measured on clear sky days using handheld spectroand flood-irrigated once every 3 – 10 weeks during
radiometer (ASD, Fieldspec Pro 2, Analytical Specthe growing season, April to November, 2012-2013.
tral Devices, Boulder, CO). The full description of
The total area of clay loam soil orchard was 4 ha.
the handheld spectroradiometer can be found in OthFertilizers [urea 46% N (225 kg ha–1)] and zinc sulman et al. [4]. During the measurements, the specfate (7 kg ha–1) were applied once in May of both
troradiometer sensor (25 field of view) was oriented
years. Trees from sandy loam soil orchard were
in a nadir position (1 m from the top of the canopy)
about 30 years old, 9 to 11m high, 7 to 10 m wide
and 10 measurements distributed to cover the top
(canopy), spaced at 6 – 7 m within rows and 8 – 10
part of the canopy were collected. A motorized hym between rows and flood-irrigated once every 16 to
draulic manlift (platform height 1-10 m and work24 days from May to October every year. The total
space size 1 m2) was used to raise the operator and
area of sandy loam soil orchard was 7 ha. Urea (250
–1
–1
the handheld spectroradiometer above the tree cankg ha ) and zinc sulfate (foliar spray, 8 kg ha ) were
opy.
applied in May and July of both years (i.e., 500 kg
Spectral reflectance data per tree (average of 10
ha–1 of urea and 16 kg ha–1 of zinc sulphate per year).
measurements) was then correlated with SPAD val
ues. Spectral reflectance data included, single bands,
6493) &251.3,At both sites, 10 trees were
band ratio, and hyperspectral reflectance vegetation
selected randomly for chlorophyll content (SPAD)
and handheld spectroradiometer measurements.
indices. Vegetation indices used in this study are
Ground reference measurements dates for both orgiven in Table 2.
chards are given in Table 1. In both orchards, measurements were collected between 11:00 a.m. and

! 
&3)-*1)75*(8646&).42*8*6&3)(-14645-=11(438*38 2*&796*2*387)&8*7+46'48-7.8*7)96.3,
5*6.4)
8-*
&3)
Year
2012

2013

Clay loam
Date of measurement
28 May
11 June
21 June
4 Aug.
20 Aug.
30 Aug.
7 Sept.
16 Sept.
22 Sept.
30 Sept.
17 Oct.
27 Oct.
25 Nov.

29 May
11 June
20 June
16 Aug.
8 Sept.
29 Sept.
16 Oct.
1 Nov.

SPAD
47.1
49.3
49.7
48.4
48.6
48.8
48.8
48.1
46.9
45.1
42.8
39.4
7.5

44.8
45.8
45.9
48.5
48.0
46.1
44.6
31.5
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Sandy loam
Date of measurement
25 May
31 May
10 June
23 June
30 July
6 Aug.
12 Aug.
25 Aug.
31 Aug.
16 Sept.
23 Sept.
29 Sept
6 Oct.
13 Oct.
20 Nov.
5 June
12 June
21 Aug.
27 Sept
4 Nov.

SPAD
47.1
47.4
50.0
49.6
50.8
52.0
51.7
52.8
51.9
51.2
51.1
49.8
49.0
42.9
30.2
48.7
51.1
52.3
51.1
32.9
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#*,*8&8.43.3).(*797*).38-.7789)=
Name
Normalized Difference Vegetation Index
(Modified Normalized Difference Vegetation Index)
Photochemical Reflectance Index
Structure Insensitive Pigment Index
Structure Insensitive Pigment Index
Normalized Pigment Chlorophyll index
The Red Edge Chlorophyll Index
Red-Edge Position
Transformed Chlorophyll Absorption Ratio Index
Triangular Vegetation Index
Normalized Pigment Chlorophyll index
Plant Senescence Reflectance Index
(Sum Green Index)
Triangular greenness index
Modified chlorophyll absorption
reflectance index
Rx is the reflectance at a specific wavelength.

Abbreviation
NDVI
mNDVI
PRI
SIPI
SIPI2
NPQI
CIred edge
REP
TCARI
TVI
NPCI
PSRI
SG
TGI
MCARI

Equation
(R800 - R680)/(R800 + R680)
(R800 - R680)/(R800 + R680 - 2R445)
(R531 - R570)/(R531 + R570)
(R800 - R450)/(R800 - R650)
(R800 - R440)/(R800 - R680)
(R415 -R435)/(R415 +R435)
(780720) − 1
700 + 40[(R670 + R780)/2 – R700]/(R740 – R700)
3[(R700−R670)−0.2(R700−R550)(R700/R670)]
0.5[120(R750−R550)−200(R670−R550)]
(R680−R430)/(R680+R430)
(R680−R500)/R750
Σ R500 to R600 nm
TGI=−0.5[(670−480)(670550)−(670−550)(670
480)]
[(R700 − R670) − 0.2(R700 − R550)]* (R700/R670)

Reference
[11]
[12]
[13]
[14]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]




8&8.78.(&1 3&1=7.7 Statistical analysis was
conducted using SAS software (Version 9.1 for Windows; SAS Institute, Cary, NC). Simple linear regression was used to determine which hyperspectral
reflectance data exhibited the strongest relationship
with chlorophyll content index. Sigmaplot (Version
10.0 for Windows; Systat Software, San Jose, CA)
was used to graph the results (contour plots).


 "!  " 

Pecan (   Wangenh. C. Koch)
is a large horticultural tree that is grown primarily
for its nuts [25]. Leaf N content is essential in pecan
management practices [6]. Nitrogen is an important
factor affecting plant morphology, leaf and root area
and leaf chlorophyll content [8, 26]. Thus, lower cost
and/or rapid foliar N content determination can potentially improve management strategies as well as
precision agricultural practices in pecan orchards
[6]. Canopy chlorophyll content is defined as the biophysical variable that can estimate crop photosynthetic capacity [27]. Canopy biophysical parameters
such as, LAI, N content, and absorbed photosynthetically active radiation are all strongly associated
with canopy chlorophyll content [27]. Hardin et al.
[6] found a significant relationship between foliar N
concentration and chlorophyll content index (SPAD)
in pecan cultivars ‘Maramec’ and ‘Pawnee’.
This study reports the results of a two-year field
experiment to estimate chlorophyll content (SPAD)
of pecan trees using remotely-sensed data at the
ground-based level. Remote sensing technique has
gained much attention for horticultural applications
recently because it is a potential non-destructive
method to estimate LAI, chlorophyll content and N
[5, 6]. During this study, we examined the relationship of chlorophyll content (SPAD) with single
wavelengths reflectance (Figure 1). A regression

value was considered to be highly correlated with
leaf chlorophyll content (SPAD) when the coefficient of determination (R2) was greater than 0.80,
moderate when R2 was between 0.60 and 0.80, and
weak when R2 was less than 0.6 [28]. In 2012, canopy reflectance within the wavelength range 500 to
720 nm in clay loam soil site provided moderate to
strong regressions (R2 > 0.6) with SPAD when compared to other bands (350-500 and 730-2450 nm)
(Figure 1). However, R2 between canopy surface reflectance and chlorophyll content (SPAD) did not
exceed 0.6 (low relationship) across the wavelength
spectrum (350-2450 nm) in both orchards in 2013.
Higher correlation values in 2013 (compared to
2012) can be attributed partially to the wide range of
chlorophyll content values during the 2012 growing
season, especially in the clay loam soil orchard. In
fact, leaf chlorophyll content (SPAD) for clay loam
soil orchard ranged from 7.5 to 49.7 in 2012 and
from 31.5 to 48.5 in 2013 (Table 1). SPAD values
for sandy loam soil orchard was between 30.2 and
52.8 in 2012 and from 32.9 and 52.3 in 2013.
A contour map of correlation coefficients (r)
between canopy surface reflectance across the wavelength spectrum (350-2500 nm) is given in Figure 2.
In both orchards and over the study period, surface
reflectance of wavelengths within the range 350 to
730 nm were highly correlated (r > 0.8). Wavelengths reflectance from 1400 to 2450 nm were also
highly correlated with those within the 350-750 nm
wavelength range. Additionally, a high correlation
was found between the wavelengths 1400 and 2450
nm. Conversely, the near infrared region reflectance
(730-1300 nm) did not correlated strongly (r < 0.6)
with those within the wavelengths in the 350 to 720
nm region. Canopy surface reflectance within the
wavelength region between 1400 and 2450 nm did
not highly correlated (r <0.6) with those wavelengths
within the spectral reflectance wavelength range 730
to 1100 nm in both orchards and across the study period.
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4*++.(.*384+)*8*62.3&8.43 '*8;**3(&345=6*+1*(8&3(*)*6.:*)+642+.*1)1*:*16*+1*(8&3(* 
97.3,-&3)-*1)75*(8646&).42*8*6&3)1*&+(-14645-=11(438*38 &8'48-7.8*7)96.3,8-*789)=
5*6.4)
&3)





" 
466*1&8.43(4*++.(.*38'*8;**3(&345=796+&(*6*+1*(8&3(*'&3)&(64778-*75*(86926&3,*+46'48-
*<5*6.2*38&17.8*7(1&=14&274.1&3)7&3)=14&274.1)96.3,8-*789)=5*6.4)
&3)

6(-&6)7&6*14(&8*).38-**7.11&#&11*=*;*<.(4
Contour maps of R2 values between chlorophyll content (SPAD) and band ratio (y/x) using separate
wavelengths on y and x axes are given in Figure 3.
In 2012, band ratio consisting of canopy surface reflectance within the wavelength ranged from 600 to
680 nm (y-axes) and any wavelength reflectance
along the x-axes has high R2 value (R2 > 0.8), except
wavelengths within the range 1700-2000 nm (xaxes) for sandy loam soil orchard. In 2013, the relationship between SPAD and band ratio was low (R2<
0.6) across the wavelength spectrum and over both
orchards.

Contour maps offer an overview of the statistical analysis of surface reflectance data for all the
combination of wavelengths [29]. These maps allow
effective extraction of promising wavelengths as
well as the extent of the effective regions for assessment [29]. Building on these results, undesirable
bands can be omitted because highly correlated
bands have generally the same information. Therefore, several bands from highly correlated bands can
be omitted and the reaming ones can be candidates
for deriving vegetation indices or further assessment.
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4*++.(.*384+)*8*62.3&8.43 '*8;**3(-14645-=11(438*38 &3)'&3)6&8.4)*6.:*)97.3,
+.*1)1*:*16*+1*(8&3(*&8'48-46(-&6)7&3))96.3,8-*789)=5*6.4)
&3)
!-*54.38;-*6*8-*
=&3)<&<.72**8.38-*(4384962&56*56*7*388-*6*,6*77.43'*8;**3'&3)6&8.4:&19*=&<*76*+1*(
8&3(*&8;&:*1*3,8-<&<*76*+1*(8&3(*&8;&:*1*3,8-&3) 

! 
4*++.(.*3874+)*8*62.3&8.43'*8;**3(-14645-=11(438*38 &3):*,*8&8.43.3).(*7)*6.:*)97.3,
-&3)-*1)75*(8646&).42*8*6&8'48-7.8*7)96.3,8-**<5*6.2*38&15*6.4)
&3)




NDVI
mNDVI
PRI
SIPI
SIPI2
NPQI
Clred edge
REP
TCARI
TVI
NPCI
PSRI
SG
TGI
MCARI


0.88
0.90
0.03
0.89
0.87
0.14
0.52
0.64
0.05
0.61
0.67
0.91
0.73
0.10
0.05

1&=14&274.1


0.41
0.48
0.09
0.57
0.45
0.01
0.51
0.61
0.15
0.25
0.41
0.50
0.30
0.01
0.18





0.67
0.71
0.30
0.71
0.72
0.04
0.37
0.39
0.04
0.24
0.55
0.73
0.38
0.05
0.04

&3)=14&274.1


0.10
0.07
0.06
0.16
0.07
0.00
0.12
0.10
0.04
0.00
0.01
0.06
0.06
0.01
0.07


Nitrogen is one of the most important nutrient
in plants [8], including pecan. This is because N
level is an essential element for plant growth and development such as root growth, leaf area and leaf
chlorophyll content [26, 30]. Simorte et al. [31]
found that chlorophyll content measurements using

chlorophyll meter were significantly correlated with
leaf N concentration in black walnut (   
L.). They concluded that SPAD measurements can
therefore be a useful tool to assess the N nutrition
status of walnut trees at a low cost. Remote sensing
is a promising technique for precision farming, as it
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wavelength along the x-axes in visible and near infrared had a high correlation with SPAD in both orchards in 2012. In addition, NDVI, mNDVI, SIPI,
SIPI2 and PSRI had a high correlation (0.91 ≥ R2 ≥
0.87) with SPAD in clay loam site and a moderate
relationship (0.73 ≥ R2 ≥ 0.67) in sandy loam site in
2012. However, R2 for single bands, band ratio and
vegetation indices were generally low in both sites
in 2013. The R2 for all studied variables was less than
0.6 in 2013. We attributed the low relationship between SPAD and canopy surface reflectance partially to narrow range of SPAD values during the
2013 growing season and especially for the orchard
grown in the clay loam soil. Overall, using canopy
surface reflectance data holds promise to study foliar
chlorophyll content in pecan orchards.

a reliable, non-destructive, fast and automated tool
for plant phenotyping and biophysical measurements
[32, 33]. Remotely-sensed data are based surface reflectance from the plants, which contain information
about agronomic and physiological traits [32]. In
fact, surface reflectance vegetation indices based on
the optical properties of chlorophyll and water status
of plants has been used widely, as indicators of variables of interest [32, 33]. In our study, simple linear
regression analysis revealed a significant relationship between leaf chlorophyll content (SPAD) and
vegetation indices derived from surface reflectance
data (Table 3). In addition, R2 for vegetation indices
in 2012 was higher than in 2013 across both sites except for PRI in clay loam soil orchard during the
2012 growing season. In 2012, NDVI, mNDVI,
SIPI, SIPI2 and PSRI had high correlation (0.91 ≥ R2
≥ 0.87) with chlorophyll content (SPAD) in clay
loam and moderate relationship (0.73 ≥ R2 ≥ 0.67) in
sandy loam orchard. However R2 for the same vegetation indices was low in both sites in 2013; R2 for
clay loam soil ranged from 0.41 to 0.57 and was between 0.06 and 0.16 in sandy loam soil. In addition,
PRI, NPQI, Clred edge, TCARI, TVI, TGI and MCARI
vegetation indices had a weak relationship (R2 < 0.6)
with chlorophyll content (SPAD) in both years and
across study sites. Atherton et al. [34] (2013) found
that PRI was weakly correlated with chlorophyll
content indicators, photosynthetic light-use efficiency (R2 = 0.22), and the photosynthetic photon
flux density (R2 = 0.30) in Norway maple (  
 ) transplants.
Collecting representative samples for management practices (e.g. leaf chlorophyll content and
shoot N analysis) from pecan trees which can grow
to 30 m is quite challenging. One of the main pitfalls
in this study was the labor involved in driving a hydraulic manlift through the orchard to collect repeated measurements of canopy spectral reflectance
during the growing season using a handheld spectroradiometer. This step is a prerequisite to developing
precise surface reflectance sensors with specific
bands [4]. Repeated driving through an orchard is
not expected once the specific reflectance sensors
are determined. Another pitfall was that we found a
highly correlated index or band ratio in 2012, but not
2013. The lack of a highly correlated band or index
in 2013 might be attributed partially to the narrow
range of SPAD values during that year.
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In last 30-35 years, it has been discovered that
many organisms can live in environments considered as extreme for mankind. Since these microorganisms can live in the extreme environments, they
are named as extremophiles. One of the discovered
microorganisms,
 , had
drawn attention for its extraordinary capabilities
and its potential of infinity.   is resistant to genotoxic chemicals, oxidative damage,
high-level ionization, ultraviolet radiation and dehydration. Because of these features one can name
it polyextremophilic. In recent years, studies on
bioremediation and related to heavy metal and
detoxification of xenobiotics which cause serious
environment problems, as well as genetic engineering, have been intense. However, the reactive oxygen species, induced by UV and their effects, their
cellular defense mechanisms against ROS and
about antioxidative systems responsible for cleaning of reactive oxygen species enough research has
not been made.To this end; in and
radiation-resistant   bacteria were
compared and tested effects on levels reduced glutathione (GSH) and antioxidant system of radiation.
In both bacteria, enzyme activity and GSH levels
has been determined after the different doses of γ
radiation applications. In the end of our study, high
activities in enzyme especially superoxide dismutase and catalase of   were observed depending on the different doses γ radiation
applications. We were also observed that GSH
quantity and other enzymes had a low activity in
the cell. Moreover, it was determined that enzyme
and GSH levels were decreased in   depending on the radiation levels.



The reactive oxygen species (ROS), such as
superoxide (O2−), hydrogen peroxide (H2O2), hydroxyl (•OH), peroxide (O2-2), hydroperoxyl (HOO.)
radicals are produced during aerobic respiration of
cells [1]. These oxidants could be also generated by
a variety of environmental sources; such as ionizing
radiation (X-ray, γ -ray), UV light, and redox cycling drugs [2,3]. ROS cause oxidative damage to
DNA, proteins and lipids, resulting in a number of
metabolic diseases, aging process, mutagenesis,
carcinogenesis, and cell death [1]. However, most
cells are able to protect from these reactive oxidants
by either scavenging enzymes such as superoxide
dismutases (SOD, EC 1.15.1.1), catalase (CAT,
EC.1.11.1.6), glutathione reductase (GSH-R, EC
1.6.4.2), glutathione s-transferase (GST, EC
2.5.1.18), glutathione (GSH, γ-L-glutamyl-Lcysteinylglycine).
  is a poly-extremophile bacterium. It survives in a variety of environments of
extreme radioactivity, ultraviolet radiation, genotoxic chemicals, heat and desiccation. [4-8]. It is the
most radioresistant organism known. While a dose
of 10 Gy is sufficient to kill a human, and a dose of
60 Gy is sufficient to kill all cells in a culture of 
,   is a capable of withstanding
dose of up to 5000 Gy with no loss of viability, and
an intantaneous dose of up to 15000 Gy with 37 %
viability [9].   overcomes its resistance to radiation by having multiple copies of its
genome and rapid DNA repair mechanisms [10]. 
 has been classified as a Gram–positive
bacterium. It has a thick cell wall-containıng Lornithine, an outer membrane-like structure, and a
membrane-bound carotenoid pigment [11]. Carotenoids can protect cells in the quenching of triplet
sensitizers, of singlet oxygen, and in inhibiting free
radical reactions [12,13].  , contains
4 chromosomes per cell during stationary phase and
up to 10 chromosomes per cell during exponential
phase [14-16]. Although it could be considered that
the unusual radio-resistance is attributed to their
morphological characteristics, one could easily
assume that the operation of the efficient scavenging systems against the reactive oxygen species.

*(!#$
 , Radiation, Oxidative stress,
Catalase, Glutathione reductase, Glutathione S- transferase.
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that consist of LB and TGY broth mediums. These
stock cultures were used according to its purpose in
the next stages of the experiment.

A98<>;/80,+-=/;3+=8;+.3+=387Theratron
1000E model Cobalt-60 teletherapy device was
used in this study. Cobalt-60 device is a treatment
device that works with an artificial radioactive
source used in external radiotherapy applications
(Co60). Energies of the radiating γ –rays were 1.17
MeV and 1.33 MeV. Generally, the energy of cobalt-60 device was accepted as 1.25 MeV which is
the mean of these two energies (Fig. 1).


Some evidence suggests that radiation resistance in
  involves the use of scavenging
systems against ROS. Basal levels of catalase and
SOD activities in cell extracts from an exponential
growing culture of   were shown to
be over 120-fold and 3-fold greater, respectively,
compared with   [17-19]. Thus, attention has
been paid to the scavenging enzymes against the
reactive oxygens in relation to the UV resistance.
, posses its own antioxidant defense
apparatus, represented by enzymes such as catalase
and superoxide dismutase [20] and by nonenzymatic systems. Among the nonenzymatic antioxidants, carotenoids are efficient scavengers of
ROS [21] While radical scavenging enzymes such
as SOD and CAT, whıch protect cells from toxic
oxidants, were investigated other enzymes such as,
GSH-R and GST and proteın such as GSH was not
studied. That ıs why this study was undertaken to
investigate the antioxidant defense mechanism
involved in   and red pigmented  



%#$ %!$

#/+1/7=<TGY broth used in this study were
obtained from Sigma company, Luria broth and
Luria agar was obtained from the Acumedia company. Xanthine oxidase, Xanthine, Cytochrome-c,
GSH (Reduced glutathione), GSSG (Oxidized glutathione), BSA (Bovine serum albumin), DTNB (55, ditiyobis, 2-nitro-benzoic acid), Glutathione
reductase (GSSG- reductase), SOD (Superoxide
dismutase), NADPH (Nicotinamide adenine dinucleotide phosphate), K2HPO4 (Dipotassium hydrogen phosphate), KH2PO4 (potassium dihydrogen
phosphate) from Sigma and NaOH (Sodium hydroxide) EDTA (Ethylene diamine tetra acetik
acid) and H2O2 (Hydrogen peroxide) was obtained
from Merck company.

!;1+73<6< In this study was used Gram (-)
  (ATCC 35215) and radiation resistant gram (+)
 
(ATCC BAA-816).

%2/ 6/.3+ ></. 37 =2/ <=>.B   was
grown in Luria-Broth (LB) and Luria-Agar (LA)
medium (pH 7.0), was cultured in a
TGY agar (Tryptone glucose yeast) and TGY broth
(Tripton glucose yeast) (pH 7,5). Media were autoclaved 30 minutes at 121 ° C under 1 atm pressure.

";/9+;+=387 80 ,+-=/;3+ <=8-4  was
grown in a shaking incubator under 37 oC and 150
rpm,   was grown shaking incubator
32 oC and 200 rpm. These stock cultures generated
were taken after one-night incubation and they were
inoculated as 1ml/50 ml in the erlenmeyer flasks



&# 
8,+5= ./?3-/></.37;+.3+=387+9953-+=387
Under the radiation conditions of the radiation
area (A) radiated via 1.25 MeV γ –ray that is obtained from the Cobalt-60 device= 43,5x43,5 cm2
(maximum area magnitude), head of the treatment
device = Gantry(G) = 0◦, collimator (C) = 0◦, SSD
= 45 cm, depth (d) = 5 cm; radiation was performed
via the dose calculation made for 30, 60, 90, 1000,
2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000,
and 10000 Gy values.
In this stage of the study; stock liquid cultures
were prepared for both bacteria and these cultures
were inoculated in fresh prepared liquid mediums
under sterile conditions and they were proliferated
up to the logarithmic phase (7th hour for , 14th
hour for  ). Bacteria coming to the
logarithmic phase were placed in suitable tubes for
radiation application. In ; 30, 60, and 90 Gy
dose application was made to measure the enzyme
activity and 30, 60, 90, and 1000 Gy dose application was performed for viable cell count. On the
other hand, in   30, 60, 90, 2000,
4000, 6000, 8000 and 10000 Gy dose application
was made to measure the enzyme activity and 30,
60, 90, 1000, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9000, and 10000 Gy dose application was
performed for viable cell count. The cultures with
completed application times were removed by
wearing a steel vest.

/=/;637+=387 80 ,+-=/;3+5 1;8@=2 ->;?/<
In this study; in order to primarily determine the
growth curves of bacteria; TGY broth and Luria
broth mediums were prepared and autoclaved for 
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 and   bacteria respectively and
stock cultures were developed by the inoculation of
bacteria under sterile conditions. From these stock
cultures; 1/50 ml inoculations were made to freshly
prepared mediums as three repetitions for each
bacteria and absorbance was read at 600 nm at
every hour starting from the 0th hour to the 32nd
hour and then every 2 hours after the 32nd hour to
72nd hour. Depending on such absorbance values;
growth curves were determined according to the
results obtained for both bacteria. At the same time,
viable cell count was performed for both bacteria
and the absorbance values obtained for the growth
curve were supported.

'3+,5/-/55-8>7=For the and
  bacteria that we have used in this study;
viable cell counts were performed before and after
the radiation application and therefore the percentage of the viable cells after the radiation was calculated.

8681/73C+=387 80 ,+-=/;3+ +0=/; 3;;+.3+
=387 =2/ <873-+=387 +7. -/7=;30>1+=387 At the
end of the exposure period, bacteria cultures were
centrifuged for 10 minutes. After pouring into supernatant, the cells were washed with buffer. Again
centrifuged for 10 min at 10000 rpm. Centrifuged
pellets were weighed and then diluated with phosphate buffer (pH 7.4) and homogenized. Homogenate was sonified with Branson Sonifier 450 (VWR
Scientific). Then, samples were centrifuged at
25000 g for 15 minutes at 4 ºC. The supernatant
was assayed for enzyme activities and glutathione
levels.

/=/;637+=387 80 +7=38A3.+7= /7CB6/< All
determinations were means of three replicates.
Activities of all enzymes were expressed as specific
activity. All enzyme activity assays were performed
spectrophotometrically (SHİMADZU UV-visible
Spectrophotometer UV-1601)
GST activity was measured by use of methods
of Habig et al. [22] with 1-chloro-2,4dinitrobenzene (CDNB) as substrate. Enzyme activity was determined by monitoring changes in absorbance at 340 nm, which is related to the rate of
CDNB conjugation with GSH (E340CDNB-GSH
conjugation= 9.6 mmol-1 cm-1 for 2 min at 25 °C.
One unit was defined as 1 μmol GSH conjugated/min. The GST activity is expressed as
μmol/min/mg protein.
GR activity was assayed by the method of
Carlberg and Mannervik [23]. The reaction was
initiated by the addition of the GSSG to the cuvette,
and the decrease in absorbance at 405 nm was followed at 30 °C for 1 min with UV spectrophotometer (A Shimadzu UV-1601, UV-visible spectrophotometer, Kyoto, Japan). A unit of GR activity is
defined as the amount of the enzyme catalyzing the

reduction of 1μM of NADPH per min.
CAT activity was measured spectrophotometrically by measuring the decrease of absorbance at
240 nm due to hydrogen peroxide decomposition,
as described by Luck [24]. One unit of enzyme
activity was defined as the amount of the enzyme
that decreased 1 μmole H2O2 per min.
Glutathione amount was measured according
to the method by Akerboom and Sies [25]. GSH
concentration was estimated from a standart curve
and reported as μmol GSH/mg protein.
Total protein concentrations of the crude homogenates were determined by the method of Bradford [26] with bovine serum albumin as a standart,
using the Bio-Rad protein assay.

$=+=3<=3-+5 7+5B<3< Values were reported as
means ± SD and analyzed by using the SPSS for
Windows 10.0 computer program. In this program,
the Duncan test was performed for the importance
of control Duncan [27].


#$&%$ $&$$!
Ionizing radiation cause the formation of reactive oxygen types by inducing oxidative stress in
the cells. Most of the ionized radiation effects have
an important role in the toxicity of radiation because they have increased the reactive oxygen species. In aerobic organisms; there is an antioxidant
enzyme system that has an important role in cell
homeostasis and removes the reactive oxygen
types. There is a balance between the reactive oxygen types and antioxidant defense system in the
cells under normal conditions. Together with the
increase in the oxidative stress; some changes occur
in the activities of the enzymes inside the antioxidant system. Thus, the demonstration of the oxidative stress caused by radiation can be explained by
the determination of the changes of enzymes in the
antioxidant defense system.
In this study that we have examined the effect
of radiation on the antioxidant system; different
doses of γ radiation were applied to the  
 and and the antioxidant enzymes
of these bacteria and the changes occurring in the
GSH levels and the survival ratios of the bacteria
related to the radiation dose were determined. At
the end of this study; changes were determined in
the antioxidant enzymes and GSH levels of both
bacteria depending on different doses of γ radiation
applications. Thus, it was observed that there was
an increase in GSH levels and enzyme activities,
and especially the SOD and CAT enzyme activities,
of   that was exposed to different
radiation doses and there was a general increase
related to the dose increase compared to the control
groups. Depending on the radiation dose in ;
it was observed that there was a significant decrease
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the catalase enzyme in order to clean the hydrogen
peroxide that is formed by effect of the radiation.
The study of Ott et al. [28] reported that another
exogenous source that develops oxidative stress is
the heavy metal application and it is induced in
order to maintain the cellular redox balance of the
catalase enzyme that removes the hydrogen peroxide radical from the environment.
Generally when the enzyme activities in the
control groups of both bacteria were compared; it
was observed that the enzyme activity of  
 was higher than . At the same time,
it was specified that as the dose quantity was increased, the catalase enzyme activity of  
showed more increase compared to .
It was determined that there was a significant decrease caused by the dose in compared to the
control group. In the study conducted by Battista et
al. [29]; it was demonstrated that after the radiation
application; SOD and CAT activities were considerably high in the cell extracts of  
and especially SOD activity was 6 times higher
than . In our study, enzyme activities of 
 after radiation was approximately 4.3
times higher compared to . In the study of
Soung and Lee [3] determined that the catalase that
is bifunctional (both catalytic activity and peroxidatic activity) in protection against oxidative stress
in has an important role The reason
for such changes in antioxidant enzymes was related to adaptated of the cells to an extreme environmental condition like radiation and desiccation.

in enzyme and GSH levels and bacteria was affected more by the oxidative stress caused by radiation.

+=+5+</ +-=3?3=B CAT activities were determined in the groups that were exposed and not
exposed to γ radiation in and 
bacteria and the results are given in Fig. 2.
When the catalase enzyme activity of 
was compared to the control; it was specified that it generally showed an increase depending
on the radiation dose. The maximum catalase activity value was 19.74 ± 0.055a μmol/min/mg protein and it was determined in the samples to which
8000 Gray radiation was applied. The minimum
catalase enzyme activity value was 9.77 ± 0.170b
μmol/min/mg protein and it was observed in the
samples to which 30 Gray radiation was applied.
On the other hand, a decrease was observed in the
catalase enzyme activity after the radiation application in  compared to the control groups. Maximum catalase enzyme activity for  was recorded as 10.86 ± 0.163a μmol/min/mg protein in
the control groups. The minimum enzyme activity
was specified as 1.076 ± 0.040b μmol/min/mg
protein at 30 Gray. It was seen that the catalase
activity of  was highest in the control groups.
Together with 30 Gy radiation application; about 8time decrease was determined in the enzyme activity. This shows that how bacterium was susceptible
to the lethal effect of radiation. The increases in the
enzyme activity in parallel to the radiation dose
applied to , are correlated to the induction of

&# 
%+-=3?3=B37+7.=8@23-2D;+.3+=387+=.300/;/7=.8</<@+<+9953/.
[a,b: Numbers shown with different letters in every column are statistically different from each other]




&# 
$!+-=3?3=B37+7.=8@23-2D;+.3+=387+=.300/;/7=.8</<@+<+9953/.
[a,b,c,d,e,f: Numbers shown with different letters in every column are statistically different from each other]
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$>9/;8A3./ .3<6>=+</ +-=3?3=B In  
and  bacteria; SOD activities in the
groups that were exposed and not exposed to γ
radiation were determined and Fig. 3 illustrates the
results.
Accordingly, when the SOD enzyme activity
of   was compared to the control
group; it was observed that it showed an increase
depending on the radiation dose as the same in the
catalase enzyme activity. It was recorded that although there was a general increase in the SOD
enzyme activity of   when the dose
applied increased; a nearly 10 times decrease was
present in compared to the control groups. It
was also observed that both bacteria increased in
parallel to the dose increase in the SOD activity. In
the study of Mates [30]; it was shown that various
signal molecules triggered the gene regulation and
caused an increase in the synthesis of antioxidant
enzymes as a result of any situation that may cause
oxidative stress in the cell.
Similar responses of SOD and CAT enzymes
in  depending on the radiation application were the indicators of the study of such enzymes in correlation. In the study of Markillie et al.
[19]; it was determined that the wild type of 
was relatively resistant against ionized
radiation and oxidative stress than sodA and katA



mutants. The researchers showed that this resistance was related to the SOD and KAT enzymes
of the bacteria. As a result of the study of Battista et
al. [29], it was reported that SOD and CAT enzymes in   were two enzymes that
functions actively in the resistance of bacteria
against radiation. The results of our study also supported these data.

5>=+=2387/ ;/.>-=+</ /7CB6/ +-=3?3=B In
and bacteria; GSH-R activities in the groups that were exposed and not exposed to γ radiation were determined (Fig. 4).
Accordingly, when the GSH-R enzyme activity of   was compared to CAT and
SOD enzymes; it was determined that they were
relatively low. However, it was also specified that
there was an increase depending on the radiation
dose compared to the control groups. The minimum
enzyme activity value at 60 Gray was recorded as
0.049 ±0.0000008b nmol/min/mg protein. Maximum GSH-R enzyme activity was recorded as
0.172 ± 0.0000009b nmol/min/mg protein in the
samples to which 8000 Gray radiation was applied.
Although GSH-R enzyme activity in   was
relatively higher than  , a decrease
was observed after the radiation applications compared
to
the
control
groups.


&# 
$#+-=3?3=B37+7.=8@23-2D;+.3+=387+=.300/;/7=.8</<@+<+9953/.
[a,b: Numbers shown with different letters in every column are statistically different from each other]. (In this graph; GSH-R
enzyme activity of  was downscaled at 1/100 in order to easily view the values of in the graph)
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[a,b,c,d,e,f: Numbers shown with different letters in every column are statistically different from each other]
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Maximum GSH-R enzyme activity for   was
recorded as 0.53 ± 0.0015a nmol/min/mg protein in
the control groups. Minimum enzyme activity was
specified as 0.119 ± 0.00006b nmol/min/mg protein
at 90 Gray. In general, when the GSH-R enzyme
activity of  was compared to 
it was observed that it was approximately 100 times
lower. Compared to the enzyme activity in the
control groups in ; there has been a decrease
in the activity depending on the increasing radiation. The intracellular GSH-R activity of  
 was low at nmol level.

#/.>-/. 15>=+=2387/ $ :>+7=303-+=387
In and bacteria; GSH quantities in the groups that are exposed and not exposed
to radiation were determined and the results are
present in Fig. 6.
Generally, when the GSH quantities in the
control groups of both bacteria were compared; it
was observed that GSH quantity of  was approximately 25 times higher than  .
Although GSH level of was high in the control groups, approximately 36.5 time decrease was
seen in the GSH level depending on the radiation
application. This situation was explained as the
decrease in the GSH synthesis of the cells in parallel to the inhibition in GSH-R enzyme activity as a
result of susceptibility of  against radiation.
GR activity was decreased in . Decreased GR
activity may lead to GSH depletion [31]. GSH is
the first line of defence against oxidative stress.
Therefore, the change observed in GSH levels can
be a very important indicator of the detoxification
ability of all living cells [32]. These changes indicated the possible mechanism of oxidative stress
induced by γ radiation on two bacteria. In the normal physiological situation, the production of ROS
is thought to be held in cheque by the antioxidant
defence systems, i.e. a balance exists between prooxidant and antioxidant processes [33].
It was previously specified that one of the resistance mechanisms developed by  
against radiation was related to the presence of an
effective antioxidant system. Examining the SOD,
KAT, GST, GSH-R enzymes and GSH levels of 
 after radiation in this study; it was
specified that particularly SOD and CAT enzymes
had an active role in the removal of reactive oxygen
types that were formed via radiation in the bacteria.
In the study conducted by Battista et al. [29] was
determined that SOD and CAT activities of 
 were relatively high in the cell extracts. We also observed that GSH quantity and
other enzymes had a low activity in the


5>=+=2387/$=;+7<0/;+</+-=3?3=BIn 
and bacteria; GST activities in the
groups to which radiation was applied and in the
control groups are determined (Fig. 5).
Accordingly, it was determined that when the
control group and application groups of  
 were compared; there was a general increase in the GST enzyme activity depending on the
radiation dose. GST activity in  to which
radiation was applied decreased in response to the
control group. Generally, it is observed that when
GST enzyme activity of   was compared to ; it was 10 times lower.
GST, showing Se-independent glutathione peroxidase activity in the cells, develops a defense
mechanism against lipid hydroperoxidases. Although enzyme activity for both bacteria was at
nmol level; GST activity of   was
lower than . In regard to the radiation dose;
enzyme activity increased approximately 4.5 times
after 4000 Gy. This situation could be associated
with more effectiveness of the enzyme at higher
doses of radiation levels. Although the GST activity
of   was relatively higher in the control
groups; almost 5-time decrease was observed by 30
Gy radiation application. This situation could be
related to inhibition of the enzyme related to the
decrease in viable cell quantity and the toxicity of
radiation. This increase of ROS may also be due to
the inhibition of enzyme synthesis or change in the
assembly of enzyme subunits.



&#
$5/?/537+7.=8@23-2D;+.3+=387+=.300/;/7=.8</<@+<+9953/.
[a,b,c,d: Numbers shown with different letters in every column are statistically different from each other]
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lecular structure related to the effects at an atomic
level. Every cell is affected by radiation at different
levels. This study investigated the survival capabilities of the cells as a result of γ- radiation application
at different doses in     
bacteria (Fig. 8).
Thus as a result of 90 Gy radiation application
of   that is resistant to radiation;
survival loss of the cells was found as 2.44 %. At
the end of 5000 Gy radiation application; this number was calculated as 20.57 %. As a result of 10000
Gy radiation application, survival loss was found as
51.62 %. These results showed that 
could be resistant despite the survival loss in radiation application at high doses and 48.38 % of the
cells as a result of 10000 Gy radiation application
were still viable. Likewise, in the study conducted
by Makarova et al. [9],   exhibited
resistance without survival loss in the dose of 5000
Gy and by leaving 37 % of the culture as viable in
the dose of 15000 Gy. As a result of 90 Gy radiation application in ; survival loss was found
as 81.82 %. As a result of 10000 Gy application; all
the cells in the culture lost their viability. In the
study of Makarova et al. [9]; it was found that
 lost all its viability activities at the end of 60
Gy application. Also, Battista et al. [7] determined
the D37 value of   as 30 Gy. In our study; it
was determined that D37 value of   was between 30 and 60 Gy.

cell. At the same time, White et al. [34] declared
that   has other oxidative defense
proteins, such as glutaredoxin, thioredoxin, thioredoxin reductase, and alkyl hydroperoxide reductase,
instead of glutathione, glutathione reductase, and
glutathione peroxidase. Thus, it was remarkable
that especially SOD and CAT enzymes were investigated in most of the studies performed regarding
the antioxidant system of .

'3+,5/-/55-8>7=80,+-=/;3++0=/;;+.3+=387
First of all; the growth phases of  
and bacteria depending on the growth curves
were determined (Fig. 7).
Accordingly, logarithmic growth phase was
determined as approximately 14th hour for 
and 7th hour for after inoculation. In
the later studies; bacteria in logarithmic phase were
used.
When the dose that leaves 37 % of colony
forming unit (CFU) as viable is compared to the
other organisms for which radiation resistance
capacity is investigated; it is evaluated as a standard
criterion of resistance and this dose is defined as
D37 [35]. It was determined that D37 value of 
 that proliferates logarithmically in a
rich medium was approximately 16 times greater
than the D37 value of  which was similarly
cultured.
Radiation damage seen in biological systems
is formed as a result of the degradation of the mo-


&#
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In this study, in the control groups of 
among the bacteria for which we have investigated
the effect of radiation on antioxidant enzyme system; SOD, CAT, GST, GSH-R and GSH levels
were high. But,  is very susceptible to the
lethal effect of radiation, these enzymes that were
high in the control group and GSH quantities were
insufficient for the removal of reactive oxygen
types formed as a result of radiation. Along with the
researches regarding to genetic engineering that
gained importance amongst the studies about 
, intense studies about bioremediation
and detoxification of heavy metals and xenobiotics
that cause serious environmental problems have
been started to be performed in recent years. However, there has been no sufficient number of studies
conducted on the reactive oxygen types induced by
radiation, their effects and the antioxidant systems
such as GST, GR and GSH except for the SOD and
CAT enzymes that are responsible for the removal
of reactive oxygen types. By this study; we have
made a contribution to the literature that is not
sufficient in terms of such studies.
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incidents in recent years, represented by the fog and
haze that have stricken most regions of eastern and
northern China since early 2012, has not only posed
a serious threat to citizens’ health but also hampered China’s sustainable growth. As Poon et al. [4]
have noted, the combustion of fossil fuels, especially coal, is one of the main causes of fine particles
(PM2.5), which are the main components of this
haze and fog pollution. Some recent studies have
estimated the economic and welfare loss caused by
the high concentrations of PM2.5 in China [5-10].
In recent years, the increased air pollution has also
attracted widespread international concern and
hence damaged China’s international image.
The second significant problem related to coal
consumption is the emissions of Greenhouse Gas
(GHG) emissions generated by coal combustion
[11-15]. Since 1990, China’s CO2 emissions have
been growing at a remarkable speed. Currently, as
the largest GHG emitter in the world, China accounted for approximately 25 percent of global CO2
emissions. Given that climate change has become a
global threat, Beijing has faced growing pressure
from the international community to restrain CO2
emissions [16].
Fortunately, China has acknowledged these
problems and has begun to make efforts to control
coal consumption. The latest effort was made during the 2014 APEC summit, when China and the
U.S. issued a Joint Announcement on Climate
Change. According to the announcement, China
vowed to achieve its peak CO2 emissions and increase the share of non-fossil fuels in primary energy consumption to approximately 20 percent by
2030. As noted, in China, most CO2 emissions
come from coal consumption; therefore, whether
China’s CO2 emissions can be reduced is highly
dependent on the dynamics of coal consumption.
Moreover, according to the historical experience of
developed countries, such as the U.S., the UK and
Germany, total coal consumption reaches its peak
only after economic development has reached a
certain level [17]. 








In recent decades, China has encountered serious environmental problem, especially severe air
pollution that has affected eastern and northern
China frequently. Because most air pollutants in
China are closely related to coal combustion, the
restriction of coal consumption is critical to the
improvement of the environment in China. In this
study, a panel of 29 Chinese provinces from 2000
to 2017 is utilized to predict China’s coal consumption. With the rapid economic growth and the increasing dependence of national economic growth
on coal, which will inevitably bring about the concerning problem of air pollution. By pointing out
the situation of air pollution, analyzing the relationship between the coal consumption and atmospheric
pollution and predicting the emissions of air pollutants caused by the production and consumption of
coal.



%$ 
Coal consumption, Forecast, atmospheric environment,
impact
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Alongside with rapid economic growth, China’s coal consumption has soared over the past 30
years [1]. Currently, the amount of coal consumed
by China is larger than any other country in the
world, and the annual growth rate of coal consumption was 7.8 percent between 2000 and 2012. As a
result, coal has dominated China’s energy mix—
according to the data of the National Bureau of
Statistics, since 1978, the share of coal consumption of total primary energy consumption has remained above 65 percent [2].
China’s coal consumption has grown at nearly
the same speed as its economic development, as
coal has helped fuel China’s rapid economic growth
since the late 1970s. However, China’s high dependence on and rapid growth in coal consumption
have also brought about a series of problems [3].
The first problem created by China’s extensive
coal consumption is increasingly serious air pollution. A growing number of hazardous pollution
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'8' In recent years, China’s economic
growth has been fueled by rapid increases in coal
consumption. According to the China Energy Statistical Yearbook, coal consumption has accelerated
since the mid-1990s, and the average annual growth
rate of coal consumption in China was as high as 10
percent during the 10th Five-year Plan. Currently,
China’s coal consumption accounts for approximately 50% of world level.
We utilize provincial data in the estimations
and forecasts. The provincial total coal consumption data from 2000 to 2017are extracted from the
China Energy Statistical Yearbooks 1999–2018.
Provincial population data are collected from the
China Statistical Yearbooks 1999–2018. Other
socioeconomic indicators (including GDP per capita, ratio of secondary industry value-added to GDP,
the total amount of imports and exports) of all provinces are obtained from various years of provincial
Statistical Yearbooks and China Compendium of
Statistics 1949-2018.


 "!  " 

nitude, GDP per capita is the most important indicator of forecast coal consumption. Many academic
institutes and researchers have issued various shortand medium-term predictions of China’s GDP
growth rate. To ensure the authority and objectivity
of the forecast results, the projected GDP growth
rates from 2013 to 2020 made by the Chinese
Academy of Social Sciences (CASS) are employed
as the benchmark. Considering the uncertainty
involved in China’s economic development, especially as China enters a “new normal”, it is necessary to consider the possible impacts of different
economic growth rates on coal consumption. Therefore, we consider two alternative GDP growth rates.
In the second scenario, the average growth rate of
GDP per capita between 2013 and 2020 is 20%
lower than in the benchmark scenario, while in the
third scenario, the average growth rate is 20% higher the benchmark. As a result, the second and third
scenarios are named the “low growth” and “high
growth” scenarios, respectively (Fig.1-3).
Because we utilize per capita GDP as an explanatory variable, the predicted provincial population should be used for the calculation of the per
capita values. We use the predicted population data,
including mortality and birth rates, from the World
Bank Population Forecasting Report in 2010–2050.
Considering the fact that variation of the population
growth rate is not as large as that of the GDP
growth rate, especially before 2020, we do not test
alternative scenarios for the population growth rate.

Before the coal demand forecast is conducted,
it is vital to forecast the explanatory variables used
in model. Because an EKC relationship between
coal consumption and GDP per capita exists and the
coefficient of GDP per capita is quite large in mag-

"
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After the predictions of the key explanatory
2013, the same procedure is employed to forecast
variables are made, China’s provincial and national
provincial coal consumption for each remaining
coal consumption can be forecasted. According to
year in the 2014–2020 forecasting period. The
model, forecasts are made for each province and
projected national coal consumption is equal to the
year. For example, in 2013, province’s coal consum of the projected coal consumptions of all provsumption is forecasted by estimating model 3 using
inces. In Fig. 4-6, national coal consumption estiits projected GDP per capita for 2013, its own coal
mates for all three scenarios are plotted from 2013
consumption in 2012. After the coal consumption
to 2020.
values for all provinces have been forecasted for
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Year
2007
2011
GDP (Billion Yuan)
270092
487940
Coal consumption
44362
63000
Sulfur dioxide emissions (Ten thousand Ton)
2468.1
2217.9
Total amount control
1.08
1.48
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In recent years, coal consumption has increased year by year. From 2000 to 2017, coal
consumption increased from 2,625 million tons to
44.21 million tons, an increase of 67.1%, with an
average annual growth rate of 7.7%. Sulfur dioxide
emissions increased from 33.71 million tons in
2000 to 54.93 million tons in 2017, an increase of
62.94%, an average annual growth rate of 7.2%;
soot emissions increased from 24.39 million tons in
2000 to 28.18 million tons in 2017, an increase of
15.54%, an average annual growth of 2.1%.
Through correlation analysis, atmospheric environmental pollution is directly related to coal production and consumption. The emissions of sulfur
dioxide and soot are positively correlated with coal
consumption (see Table 1). The correlation coefficient between sulfur dioxide emissions and total
coal consumption. It is 0.95; the correlation coefficient between soot emissions and total coal consumption is 0.82.



on coal, which will inevitably bring about the concerning problem of air pollution. By pointing out
the situation of air pollution, analyzing the relationship between the coal consumption and atmospheric
pollution and predicting the emissions of air pollutants caused by the production and consumption of
coal.
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This study utilizes panel data for 29 Chinese
provinces from 2000 to 2017 to investigate the
determinants of coal consumption in China, and
forecasts of coal consumption for 2013–2020 are
conducted based on the estimation results.
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The use of natural gas for heating purposes
causes less air pollution than solid fuels. Preventing
air pollution decreases hospital admissions due to
respiratory infections in children.
The aim of the study is to examine the impact
of using more clean fuel for heating purpose on hospital admissions with respiratory tract diseases in
children.
The records of 126.940 pediatric patients who
were admitted to Düzce University Medical Faculty
Pediatric Emergency Medicine outpatient clinic between 2014 and 2017 were reviewed. The records of
children diagnosed with respiratory diseases (n:
46137) were examined. During the same period, air
monitoring measurements of the national air quality
network were recorded.
Of the children, 55.5% were male and 45.5%
were female. Most of the children were among the
age group of 2-5 years (44%). Between 2014 and
2017, the mean PM10 was observed to decrease
(2014: 114.4, 2017:79, p < 0.0001), rate of natural
gas usage (2014:52.9%, 2017: 64.2%, p<0.0001) increased, rates of stove usage (2014:47%2017:35.7%, p<0.0001) decreased, annual mean air
temperature
values
(2014:13.9-2017:16.7,
p<0.0001) increased significantly. When all pediatric emergency admissions between 2014 and 2017
were examined, the number of those diagnosed with
respiratory tract disease reduced while the number of
general pediatric emergency admissions increased.
The use of more clean fuels for heating purposes was observed to decrease the incidence of
acute respiratory tract infections significantly in the
preschool and school age group children. The use of
clean fuel should be encouraged since preventing
childhood infections would protect from the chronic
lung diseases that may occur during adulthood.
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Air pollution is an important environmental
risk factor for health. Still the most important environmental factor that has adverse effects to human
health is air pollution. A large number of studies
have shown an increase in morbidity and mortality
in diseases with the increase in air pollution. Influence of air pollution, may vary depending on; age,
gender, genetics, lifestyle and disease. Air pollution
increases the risk of acute and chronic respiratory
diseases, stroke, heart disease, lung cancer. Many
studies have found a relationship between air pollution and hospital admissions. Some of them also indicate air pollution in children and increased respiratory diseases [1-6].
It is generally accepted that children represent
a sensitive subset of the human population. They are
more susceptible to adverse health effects of environmental exposures as organisms in the rapid
growth and development phase. Because of their behavioral and pharmacokinetic differences, they are
exposed to higher levels of environmental pollutants
[7]. The respiratory system is the primary target of
air pollution. In children, the smaller airway diameter is shorter and more affected by air pollution. Because of their respiratory rate, children receive more
air volume than adults and their oxygen needs are
higher.
Children also spend more time engaging than
adults in activities, often at outdoor and at noon,
when air pollution levels tend to be higher. As a result, children breathe more pollutants per kilogram
body weight [8].
Considering the harmful effects of environmental pollution on health; To reduce the number of
harmful particles causing air pollution, you need to
prepare emergency action plans. In many studies, it
has been shown that the reduction in pollution level
leads to a prolonged life expectancy, a decrease in
diseases and an increase in productivity [9].
There are studies investigating the relationship between children's health and environmental conditions [7]. Düzce is one of the provinces where PM10
pollution is experienced due to the topographic
structure due to heating, industrial and traffic pollution [10]. The aim of this study is to investigate the

&%!"
Child, natural gas, PM10, clean fuel
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relationship between the increasing amount of harmful particles due to the use of solid fuel and the emergency admission of children for respiratory diseases.

children (n: 126.940) and children diagnosed with
respiratory diseases (n: 46137) were examined.

(:( *522,*:054 In the same period, the air
monitoring measurement parameters of the national
air quality network (PM10, SO2, air temperature, air
pressure, relative humidity) were obtained from the
web page (http://laboratory.cevre.gov.tr/ Default.ltr.aspx). Natural gas and stove usage data were
collected from Düzce Municipality between 2014
and 2017 (Table 1). There were 46137 children with
the diagnosis of respiratory tract disease. 1966 patients who has not address information and 3077 patients who were living outside the Düzce were excluded.

#!"#"

":;+>.85;6The records of 126.940 pediatric
patients who were admitted to Düzce University
Medical Faculty Pediatric Emergency Medicine outpatient clinic between 2014 and 2017 were reviewed.
The diagnoses of the patients were evaluated according to the ICD codes entered. The records of all



# 
08)584,3540:5804.6(8(3,:,895-(087;(20:>4,:=581  " (08:,36,8(:;8,(0868,99;8,
8,2(:0<,/;30+0:>(4+4(:;8(2.(9(4+9:5<,;:020?(:0548(:,9
Natural gas utilization rate
Stove utilization rate
PM10
Temperature
SO2
Air pressure
Relative humidity

2014
52,9
47,1
114,3
13,6
6,3
1008,7
74,6

2015
53,1
46,9
110,9
14,4
7,4
1009,7
80,8

2016
62,4
37,5
103,8
14,3
10,7
1008,3
75,3

2017
64,2
35,4
79
16,6
7,5
1008
73,5

# 
,35.8(6/0**/(8(*:,809:0*95-:/,6(:0,4:9,3,8.,4*>9,8<0*,(+30990548(:,9)>9,(9549(4+>,(89(4+
+0(.459,9(**58+04.:5:/,,4:,8,+*5+,9
Characteristics
Gender
Boy
Girl
Age (year)
0-1
2-5
6-11
12-17
Season
Summer
Winter
Spring
Autumn
Year
2014
2015
2016
2017
Disease
Otitis media
Pharyngitis
Tonsillitis
Acute upper airway infection
Asthma
Pneumonia
Bronchitis
Bronchiolitis
Acute lower airway infection

No

(%)

22795 (55,5)
18283 (44,5)
11297 (27,5)
18075 (44,0)
8106 (19,7)
3600 (8,8)
7550 (18,4)
12211 (29,7)
11243 (27,4)
10074 (24,5)
7370 (17,9)
11550 (28,1)
12681 (30,9)
9476 (23,1)
978 (2,4)
3360 (8,2)
8001 (19,5)
16156 (39,3)
1287 (3,1)
1726 (4,2)
3132 (7,6)
2174 (5,3)
4264 (10,4)

6154

$#

! %      





!"  ! 


shows, decrease in PM10 levels and emergency department admissions due to respiratory tract diseases
because of increase in natural gas usage and decrease
in stove usage.
Between 2014 and 2017, PM10 levels and
stove utilization rates decreased significantly and
natural gas usage increased significantly.
When all emergency department applications
are examined according to years; it was observed
that despite the increase in emergency service admission, the number of applications related to respiratory diseases was decreased (Table 3).
According to the years, the rate of referral of
children to emergency department due to respiratory
system diseases is given in Figure 4. It was observed
that 0-1 and 2-5 age groups had the highest number
of applications due to respiratory diseases in the
emergency service in all years but these applications
decreased in 2017 (p <0.001).

SPSS-20.0 statistical program was used. Frequency and descriptive statistics were performed.
One-way ANOVA test was used to compare the numerical average of more than two groups. p <0.05
was considered statistically significant.
!"$#"
The demographic characteristics of the patients, the rates of emergency services according to
the seasons and years and the ICD codes entered
were given in Table 2.
Changes in PM10, temperature and humidity
levels are shown in Figure 1.
It was observed that between 2014 and 2017,
PM10 levels and humidity decreased significantly
and air temperature increased significantly.
Figure 2 shows natural gas and stove utilization
rates and PM10 levels according to years. Figure 3
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 2,<,29(08:,36,8(:;8,(4+/;30+0:><(2;,9
(Differences between PM10, temperature and air humidity with one way ANOVA, p <0.001)

2014
2015
2016
2017

# 
;3),85-,3,8.,4*>9,8<0*,(6620*(:054904    
Total application
Application due to respiratory diseases
23944
7370
28695
11550
36744
12682
37557
9476

Between 2016 and 2017 the admission due to respiratory tract diseases was decreased with PM10 decrease
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According to the stove usage, the rate of admission related to respiratory diseases by age groups is
seen in Figure 5.
It was observed that when the stove usage rate
increases the emergency admission of children in the
0-1 age group due to respiratory diseases is also increases (p <0.001).
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The United Nations Children's Fund (UNICEF)
reported that in 2016, 300 million children worldwide were affected by excessive air pollution [11].
In this large population study, we looked at the effects of outdoor air pollution on children's contact
with the emergency room. We found a decrease in
PM10 level with the increase of natural gas usage
between 2014-2017. In our study, we observed that
with the increase in the transition from the use of
solid fuel to natural gas, the number of applications
to the emergency room from respiratory diseases decreased.
Natural gas, a fossil energy source such as oil;
It is an environmentally friendly energy source that
burns witout ash and slag and it has no storage problems, and more importantly, it does not remove the
sulfur dioxide (SO2) and carbon monoxide (CO)
gases that pollute the air as a result of combustion.
All of the traditional solid and liquid fuels release
different emission gases that have harmful effects on
the environment and human health during combustion; The pollutant effects of the natural gas, also
called clean energy, on the environment are almost
non-existent [12]. In the studies conducted in Düzce;
PM10 concentrations were higher in the winter
months that the wind speed decreased and fuel consumption increased for heating compared with summer months [10, 13]. In our study, the PM10 levels
decreased with increasing natural gas usage rates
over the years and we have determined that admissions due to respiratory diseases have decreased despite the number of admissions to pediatric emergency department increased.
Farhat et al, between 1996-1997 in Sao Paulo,
South America; 43635 emergency department admissions to the emergency department of Sao Pulo
Medical Faculty Children's Institute were examined
and 4534 of them were diagnosed with lower respiratory tract infection. In this study, it was found that
hospital admissions and hospitalization rate increased parallel with NO2 level increase [2]. In Sao
Paulo; In a study by Nelson Gouveia et al, investigated the association with air pollution parameters
(PM10, SO2, NO2, O3, and CO) and admission of
respiratory diseases in children; There was a significant increase in the number of hospital admissions
due to respiratory diseases and pneumonia (5-8% for
O3, 9% for NO2 and 9% for PM10). This effect was

found to be higher in pneumonia than in all other respiratory diseases [14].
According to reports by the World Health Organization and environmental groups, it was estimated that pollution of coal particles shortens the life
of 1,000,000 people worldwide [15]. Pollution following uncontrolled coal use; it is an important cause
of morbidity and mortality for children [16]. A study
evaluating patient admission rates before and after
the coal use prohibition period time in Ireland
showed that the number of admissions decreased
continuously after prohibition time period and there
was a decrease in the number of admission of pneumonia, COPD and asthma patients [17]. In our city,
the Clean Air Action Plan was prepared in 2013 and
the use of natural gas was increased and the use of
coal was reduced.
Keles et al, In Istanbul, found that a significant
decrease in the frequency of rhinitis with transition
to natural gas from coal [18]. In our study, we found
that the decrease of the number of emergency service
admission related to respiratory diseases in children
is parallel with decrease in coal use.
A prospective study by W. James Gauderman
et al. 1759 children were followed-up for 10 years
with pulmonary function tests and a significant decrease was found in annual forced expiratory volume
in one second (FEV1), forced vital capacity (FVC)
and maximal midexpiratory flow rate (MMEF) values because of the air pollution [19]. Bruce J.
Kirenga et al in 537 Ugandan children who were exposed to low (Buwenge) and high (Kampala and
Jinja) air pollution were studied pulmonary functions with spirometry and stated that children in
working areas with high ambient air pollution have
lower lung function compared to areas with low ambient air pollution [20]. As these studies show; the
duration of exposure to air pollution in developing
children also increases and lung function development is not complete. Frequent exposure to respiratory tract infections contributes to loss of lung function [21].
Air pollution in China causes mortality. In a
study, Gongbo chen et al examined the relationship
between emergency department admissions in China
(3,682,681 applicants) and air pollution parameters
(PM10, PM2.5, NO2, SO2); emergency admissions
of 33 major hospitals in 31 cities were examined according to age groups; There was a strong correlation
between the levels of SO2 and NO2 and in the emergency department admissions especially in the children. The period between October 2013-December
2014 was evaluated; It was investigated whether the
increase in air pollutants by 10 mg / m3 affected the
number of emergency admission. This increase has
been found a significant relationship on the emergency admissions in 0-1 day for PM10 and NO2, and
in 0-1-2 days for PM2.5 and SO2. This effect is more
pronounced in children than in adults and it is stated
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that reducing the air pollution will reduce the urgent
application [22].
In a review by Alexander Millman et al., the effects of outdoor air pollution against childrens health
in China was examinated and the causal relationship
between coal burning and the increased prevalence
of asthma. It was stated that asthma-induced symptoms and other pulmonary dysfunctions increases in
winter when coal consumption is at its peak [23, 24,
25].
Nathan et al. stated that air pollution increased
the number of emergency room visits due to asthma
attack in children less than 5 years of age and the use
of natural gas decreased the number of emergency
department admissions [26]. We observed in our
study that the highest admission to emergency service for respiratory diseases was in 0-1 and 2-5 years
old children but this numbers decreased in 2017.
In a study conducted by Nguyen Thi Trang
Nhung et al. in Vietnam, the relation of air pollution
parameters (PM10, PM2.5, PM1, SO2, NO2, CO,
O3) with lower respiratory tract infections was investigated. 40733 pneumonia and 17118 bronchitis
and asthmatic children were examined between 2007
and 2014 and a significant relationship was found
between pneumonia admissions and all parameters
except NO2 and O3 (21). There were significant correlations between all parameters except CO in
asthma and bronchitis. Pope examined the relationship between PM10 values and preschool children
admissions to hospital because of asthma and bronchitis. He indicated that the increase in PM10 levels
increased the frequency and intensity of asthma and
bronchitis. [27]. In a study conducted by Barnet et al.
in Australia and New Zealand, he determined a
strong positive relationship between the air pollution
parameters with the emergency service admissions
due to respiratory tract diseases in children [28].
When we examined the emergency service admissions related to respiratory tract including infecions
(asthma, bronchitis, LRTI, pneumonia, bronchiolitis), the number of admissions decreased parallel
with PM10 levels.
$"

As a result; it was observed that the use of
cleaner fuel for heating purposes significantly reduced acute respiratory tract infections in children.
The use of clean fuel should be encouraged, because
it will prevent the people from childhood infections
that may lead to develop chronic lung diseases at
adulthood.
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Because of sunflower is well adapted to the
conditions of all region types, it ranks the first in
terms of vegetable oil production in our country. The
content of fatty acids that determine the quality of
sunflower oil is affected by factors such as genotype
and environment, especially climate and soil structure. This research examines the oil and fatty acid
ratios of sunflower grains grown on a producer basis
and presented to the market in 2015 in Samsun
(Bafra, Vezirköprü and Havza), Amasya (Merzifon),
Çorum (Center) and Tokat (Turhal) in the Middle
Black Sea Region selected according to the density
of oil sunflower to determine the quality of oil. According to the results of the research, average fat ratio was found to be between 41.57% and 45.67%,
palmitic and stearic acids, which are basic saturated
fatty acids, between 5.65% and 6.44% and from
3.84% and 4.81% linoleic acid (omega 6), linolenic
acid (omega 3) and oleic acids (omega 9), which are
unsaturated fatty acids, were found between 50.33
and 63.42%, 0.24 and 0.29% and 25.32 and 37.50%,
respectively. These results indicate that the sunflower seeds cultivated in the Amasya-Merzifon region are at the forefront due to their oil quality characteristics.

dissolve at room temperature. Unsaturated fatty acids are, on the contrary, cannot be synthesized by the
human body, are required by the human body, in liquid form at room temperature and largely obtained
from vegetables. Fatty acids that do not contain double bonds are called saturated (such as palmitic acid
(C16:0), stearic acid (C18:0)) fatty acids whereas
those that contain double bonds are called unsaturated fatty acids. According to the number of double
bonds, unsaturated fatty acids are categorized as single unsaturated acids (such as oleic acid (C18:1,
omega 9)) and multiple (such as linolenic (C18:3,
omega 3), linoleic (C18:2, omega 6)). Oils with a
high percentage of unsaturated fats are essential oils
that contain essential fatty acids that are important
for human nutrition [2-4].
Due to the high proportion of saturated fats
harmful to human health in animal fats, approximately 80-85% of oil production across the world is
derived from vegetable oils rich in unsaturated fatty
acids. With high quality fat content in high amounts
(20-50%), sunflower is at the forefront of the oilseed
plants which are used the most in vegetable oil production in our country and it contains a high proportion (85%) of unsaturated fatty acids (14-43% oleic
acid, 44-75% linoleic acid and 0.7% linolenic acid),
on average [5,6]. Sunflower fatty acid composition,
which is so important, changes depending on a number of events such as the genus of the plant, sowing
time, soil structure, environmental and climatic conditions, time between flowering and harvesting and
factors affecting the plant adversely during this period and cultural practices [7-10].
Knowledge of the conditions of the region
where the sunflower seed is produced will contribute
significantly to the determination of the quality of
the oil and to the production of these oils by evaluating them according to their intended use. It will thus
contribute to reducing the external dependency of
our country in terms of vegetable oil. Our study
aimed to determine the fatty acid ratios of sunflower
seeds which are widely grown in Central Black Sea
Region and obtained from different regions and thus
determine the oil quality and usage purposes in the
regional basis.



$#
Oil seed, sunflower, amount of oil, fatty acid, linoleic acid,
oleic acid

 ! 
Throughout their lives, people get the energy
their metabolism needs from carbohydrates, proteins
and oils, which are fundamental building blocks.
About 35% of the calories required for a person to
perform his daily activities are obtained especially
from the oils that release the most energy per unit
area [1]. The quality of oils is determined by the diversity and proportion of fatty acids they contain.
Fatty acids are separated into two: saturated and unsaturated fatty acids. Saturated fatty acids can be
synthesized by the human body and generally do not
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Taking into consideration the intensity of sunflower cultivation in the Central Black Sea Region,
the research was carried out in 2015 with seed samples obtained from Bafra, Vezirköprü and Havza in
Samsun, Merzifon in Amasya, Center of Çorum and
Turhal in Tokat. Samsun, which is one of the regions
where samples were gathered, generally has a temperate climate. However, coastline and inland have
different climatic characteristics. Located on the
coast, the town of Bafra has a typical Black Sea climate: hot summers, warm and rainy winters. The average annual temperature of this region is 13.60C and
the annual average precipitation is 730 mm. The districts of Vezirköprü and Havza are under the influence of the Akdağ and Canik Mountains, which are
located in the inland and whose height is 2000 m and
1500 m respectively. Here, because of the influence
of the mountains, winters are cold, rainy and snowy,
and summers are cool. The average annual temperature of Vezirköprü is 12.9°C and the annual average
precipitation is 512 mm. The annual average temperature in Havza was recorded as 11.5°C and the average annual precipitation as 448 mm. A warm and
temperate climate dominates the district of Merzifon
in Amasya. In winter there is much more precipitation than in summer. The annual average temperature of the Merzifon is 11.5°C and the annual average precipitation is 418 mm. Continental climate is
generally dominant in Çorum: summers are hot and
arid, winters are cold and rainy. The climate gets
harsher from north to south. Most rain falls in May.
The average annual temperature is 10.8°C, and the
average annual precipitation is around 433 mm. The
district of Turhal in Tokat generally has a temperate
climate. The average annual temperature is 12.7°C
and the average annual precipitation is 440 mm [11].
In the study, samples of sunflower seeds grown
in water and introduced to the market in these cities
and districts were used. Bospora, Coral, Sanbro,
Sonay, L65590 and 64LL82 hybrid sunflower species are mainly used in the region. 500 g samples
purchased from cereal markets were brought to the
for fat ratio and fatty acid analysis and air-dried;
then, the foreign substances in the seed were purified, and were placed in individually labeled storage
bags on a region-by-region basis to keep in the dark
and cold environment (+4°C) until analysis.
The seed fat ratio was obtained using the
Soxhelet method. Approximately 2 g of sunflower
seeds were ground in a grinding machine and then
75 ml of hexane was added. The resulting mixture
was placed in a FOSS Soxtec 2055 Apparatus for oil
extraction. To determine the fatty acid fraction of the
oil sample for each sample; fatty acids were esterified with methylate + isooctane [12]; following this,
FID detector, 20 m 0.1 μm wide column was used in
the gas chromatograph. Helium was used as carrier

gas in the device. The injector and detector temperature of the device is 240°C; after keeping at 60°C for
4 minutes, the column temperature was increased to
175°C with an increase of 13°C per minute and was
kept at this temperature for 27 minutes. Then the
temperature was reached at 215°C with an increase
of 4°C per minute and kept for 5 minutes; then, the
temperature reached 240°C with an increase of 4°C
min and was kept for 15 minutes. Chromatogram
values were obtained with the mode divided by 0.1
μm samples; percentages of myristic acid (C14:0),
palmitic acid (C16:0), stearic acid (C18:0), oleic acid
(C18:1), linoleic acid (C18:2), linolenic acid
(C18:3), arachidic acid (C20:0), eicosenoic acid
(C20:1) and behenic acid (C 22:0) were determined.

4%4+34+&%- %/%-83+3: Statistical data analyses
were performed by using SPSS software and differences among treatment means were compared by
Duncan’s multiple range tests at different significance levels.
! !

Chemical analyses were carried out to determine the fat content and fatty acid composition of
eighteen sunflower seed samples gathered from six
regions of the Central Black Sea. Fat ratios of sunflower seeds belonging to each region are given in
Table 1.
The fat contents of sunflower seed samples varied between 41.57% and 45.67%. Seeds with the
highest fat content were obtained from Turhal, Bafra
and Merzifon regions with 45.67%, 45.57% and
45.38%, respectively. These places were followed
by Vezirköprü and Çorum regions with 43.23% and
42.51% fat ratio, respectively; and the lowest fat
content was obtained from the seeds in Havza region
with 41.57%. [13], reported that the fat ratios of sunflower varied between 47 and 48%; [14], reported
that crude fat ratios varied between 43.40 and
36.50% on average; [15], found that the mean fat ratios varied between 37.76% and 44.00%; and [16],
reported that the fat ratios varied between 33.5% and
44.5%.
The fact that the results of our study differed
from those of the studies by the said researchers is
stems from genotype differences among species, environmental conditions and different growing techniques [17-19].
Fatty acids of the sunflower samples from different regions obtained as a result of the analysis carried out are given in Table 2. Accordingly; five saturated fatty acids were obtained from the seeds; the
highest ratios of palmitic acid (C16: 0) and Stearic
acid (C18: 0), which are the most common fatty acids in vegetable oils, were found in the samples of
Havza (6.44% and 4.04%) and Turhal (6.40% and
4.81%) while the lowest fatty acid ratio was found in
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(EPA), which is a ω-3 fatty acid, have revealed that
it decreases risk of heart attack, and has important
effects on cardiovascular diseases, depression, migraine, joint rheumatism, diabetes, high cholesterol
and blood pressure, some allergy types and cancer
diseases [30].
The proportion of unsaturated fatty acids in the
seed samples varied between 87.58 and 89.57%. The
highest unsaturated fat content was seen in the seeds
obtained from the Merzifon region whereas the lowest unsaturated fat ratio was determined in the seeds
obtained from the Turhal region. Linoleic acid content, one of polyunsaturated fatty acids, of the seeds
ranged from 50.33 to 63.42% whereas oleic acid
contents varied between 25.32 and 37.50%. The ratio of oleic acid, one of the most important unsaturated fatty acids in terms of human health, which we
have determined in this research showed similarities
with the results of a number of studies [21, 31, 32].
Furthermore, the results we have obtained regarding
oleic acid ratio are lower than the results of the studies conducted by [22, 33-35] and [15], whereas they
were greater than the results of the studies conducted
by [20] and [24]. The ratio of linoleic acid obtained
in this study is similar to the results of the studies
conducted by [20, 21, 32, 33], it is lower than the
results of the study conducted by [24], and greater
than the results of the studies conducted by [15, 22,
33, 34].

the Merzifon sample (5.65% and 3.84%). Myristic
acid (0.06-0.08%), Arachidic acid (0.23-0.30%) and
Behenic acid (0.55-0.75%), which are other saturated fatty acids, were detected in trace quantities.
Seeds with the highest total saturated fat percentage
were found in the Turhal region (12.28%) and in the
Havza and Bafra regions (11.31%). The seeds obtained from the Merzifon region had the lowest total
saturated fat content of 10.34%. The results of our
research are similar to those of other studies [15, 2024].
Because unsaturated fatty acids such as linoleic, aka omega-6, and linoleic acid, aka omega-6,
which have very important functions for the body,
cannot be synthesized by the body, they should be
taken from outside [25]. Oleic acid (omega-9),
which is important for human health, has an effect
on cholesterol metabolism and it decreases the level
of bad cholesterol (LDL) whereas improves the level
of good cholesterol (HDL) [26]. Studies have revealed that linoleic acid should be taken by children
and adults on a daily basis; linoleic acid deficiency
results in fatty liver, kidney disorders and reproductive disorders and an increase in growth failure in especially newborn babies [27,28]. Since linolenic
acid cannot be synthesized in the body, it needs to be
taken from the outside. Linolenic acid deficiency
causes various diseases such as cardiovascular disease, impaired immunity, depression and increased
nervous disorders [29]. Studies on eicosenoic acid

%.1-(3
Havza
Çorum
Merzifon
Bafra
Turhal
Vezirköprü
34%/'%2'(2202
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+-&0/4(/4
41.57 ± 0.04
42.51 ± 0.01
45.38 ± 0,04
45.57 ± 0.03
45.67 ± 0.04
43.23 ± 0.03
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Myristic (C14:0)
Palmitic (C16:0)
Stearic
(C18:0)
Oleic
(C18:1)
Linoleic (C18:2)
Linolenic (C18:3)
Arachidic (C20:0)
Eicosenoic (C20:1)
Behenic (C22:0)
SFAs
UFAs
MUFAs
PUFAs

%69%
0.08 ± 0.00
6.44 ± 0.02
4.04 ± 0.01
37.50 ± 0.03
50.33 ± 0.06
0.28 ± 0.01
0.30 ± 0.00
0.13 ± 0.00
0.75 ± 0.01
11.31
88.24
37.63
50.61

(('%.1-(3
:025.
(29+)0/
0.07 ± 0.00
0.07 ± 0.00
5.82 ± 0.01
5.65 ± 0.01
4.03 ± 0.00
3.84 ± 0.00
25.32 ± 0.01
26.33 ± 0.00
63.42 ± 0.01
62.90 ± 0.02
0.24 ± 0.01
0.24 ± 0.01
0.24 ± 0.00
0.23 ± 0.00
0.10 ± 0.00
0.10 ± 0.00
0.60 ± 0.01
0.55 ± 0.01
10.76
10.34
89.08
89.57
25.42
26.43
63.66
63.14

%)2%
0.06 ± 0.00
5.69 ± 0.04
4.50 ± 0.01
33.30 ± 0.04
55.01 ± 0.01
0.28 ± 0.00
0.28 ± 0.00
0.10 ± 0.00
0.78 ± 0.01
11.31
88.69
33.40
55.29

52*%-
0.06 ± 0.00
6.40 ± 0.01
4.81 ± 0.00
30.93 ± 0.01
56.24 ± 0.02
0.29 ± 0.00
0.29 ± 0.00
0.12 ± 0.00
0.72 ± 0.01
12.28
87.58
31.05
56.53

"(9+2,;12<
0.07± 0.00
5.98 ± 0.01
3.94 ± 0.01
32.57 ± 0.02
56.04 ± 0.04
0.25 ± 0.01
0.26 ±0.00
0.10 ± 0.01
0.62 ±0.01
10.87
88.96
32.67
56.29

SFA: saturated fatty acids. UFA: unsaturated fatty acids. MUFA: monounsaturated fatty acids. PUFA: polyunsaturated fatty acids.
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Other unsaturated fatty acids (linolenic acid
and eicosenoic acid) were found in small quantities.
Linolenic acid and Eicosenoic acid varied between
0.24 and 0.29% and 0.10 and 0.13%, respectively.
The amount of fatty acids that determine the fat quality in oil crops is not fixed; on the contrary, they depend on genetic factors, soil characteristics, ecological factors, and climate factors and morphological,
physiological and cultural applications. The difference between our results and the results obtained by
other researchers is thought to stem from climate,
soil structure, environmental factors and genetic diversity of species [8-10, 36, 37]

!

Sunflower oil is quite important for human nutrition with its unsaturated fatty acid content. The
content of fatty acids varies depending on the characteristics of plant species and many other factors. It
will be possible to cultivate sunflower in suitable regions according to the quality of the oil and usage
type and to produce suitable oils for the purpose. In
conclusion, the oil obtained from sunflower grown
in the north of Turkey seems to have high oil quality.
In terms of regions, the highest vegetable oil content
was obtained from Turhal, Bafra and Çorum regions.
In terms of the total content of the fatty acids, the
highest unsaturated fatty acids ratio was obtained
from Merzifon and Çorum (89.57% and 89.05%). It
is also thought that the changes in the essential fatty
acid profile of sunflower oil that have been added to
diets depending on the regional, climatic and soil
structure by the recent studies on sunflower are
thought to make valuable scientific contributions.
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The   efficiency of    #
 (T16 and T23), PGPR strains  
 (P07-1)and subsp.
 (B379c) as potential biocontrol agents against
eggplant pathogens, gray mold ("  )
and white mold (  ) were determined. As compared to the control, both 
 and PGPR strains showed inhibitory effect on
the mycelial growth of pathogenic strains of  
 (Bc-TR07) and   (Ss-TR07).
P07-1 and B379c performed better than T16 and T23
in dual culture tests with inhibition rates of between
66-77% for both pathogens. As compared to volatile
compounds, non-volatile compounds of T16 and
T23 suppressed colony development of Bc-TR07
and Ss-TR07 significantly. Mycelial dry weight
measurements revealed that there was no lytic activity between the antagonist and the pathogen. There
were no hyper-parasitic reactions, therefore it was
concluded that primary biocontrol mechanism
mostly relied on antibiosis.
The   root colonization study demonstrated that P07-1 and B379c were quite effective as
root colonizers. Germination rates for seeds treated
with P07-1 and B379c rhizobacteria were recorded
as 90% and 80%, respectively, while control germination rate was 65%. Vigor index of rhizobacteria
treatments was almost twice as much of the control
group. This study revealed that the promising  
#  and PGPR strains could potentially be used
for the biocontrol of grey and white mold in eggplant
plants.

#!$#

Eggplant, a member of Solanaceae family, is
grown both in greenhouses and open fields in Turkey. Gray mold and white mold disease generate significant yield losses in eggplant cultivation [1]. The
fungi can survive for a long time in soil and plant
residues as sclerotia, even after rotation with nonsusceptible crops. "  Pers.: Fr.
[Telemorph: "    (de Bary)
Whetz.] is an important fungus which is parasitic and
saprophytic in a wide range host plants from cold climatic zones to sub-tropical regions [2, 3].  
 (Lib.) De Bary have a wide host spectrum from different families named Sclerotinia rot or
white rot [4, 5]. The sclerotia forms of both pathogens are able to survive in the soil for 7-8 years and
the sclerotial germination is mycelogenic (by mycelium) or carpogenic (by the formation of apothecia)
[6].
Chemical compounds are widely applied to
control these diseases, but in most cases, infections
cannot be prevented. Such infections have various
adverse effects on the environments, negative impacts on beneficial functions of microorganisms living in the soil and root ecosystem [7]. On the other
hand, development of fungicide resistance in the
pathogen populations renders especially gray mold
management difficult [8, 9] Among environmentfriendly alternative control practices, biological control has a particular importance to reestablish and
protect the natural equilibrium already devastated
through the excessive use of plant protection chemicals. Today, researchers have established that a diverse community of microorganisms acted as natural
antagonists of plant pathogens. Some 
species and plant growth-promoting rhizobacteria
(PGPR) may also succeed in disease control. Various  strains were also reported as effective biocontrol agents for phytopathogenic fungi.
Some microorganisms have been fully commercialized for the control of foliar plant pathogens [10, 11].
 spp. inhibit pathogen-induced infections directly or indirectly through different biocontrol mechanisms like competition, antibiosis,

'&!"
Gray mold, White mold,  ,  ,  
, PGPR, Eggplant
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and   subsp.  (B379c) isolate
had nitrogen fixation and protease activities. Both
isolates were selected from the previous culture collection [20]. PGPR strains were maintained in Nutrient Agar (NA) for 48 h. Bacterial cells were then collected through centrifuge at 8000 g for 10 min and
suspended in MgSO4 (10 mmol·l-1) and adjusted to
108 cfu·ml-1 [21].

<(2;(:054 5- (4:(.5409:0* (*:0<0:? :/85;./
685+;*:0545-(4:0-;4.(2<52(:02,(4+454<52(:02,
3,:()520:,9 04 % $%" %* #(" Two
strains of T16 and T23 with pathogenic fungal
strains were studied in a dual culture assay. Interactions of  # -with the plant pathogen were
studied on PDA medium.  and the pathogen were placed on the opposite sides of the a Petri
plate (90 mm) at 3 cm from the periphery. The experiment was arranged as a completely randomized
design with ten replicates. The percent inhibition of
the pathogen fungus in the mycelia development was
calculated by the formula: RI=(C-T)/C*100; Where
RI is the inhibition percentage of the radial mycelial
growth, C is the radial growth of the pathogen in the
control (mm), and T is the radial growth of the pathogen in dual culture [22, 23]. Hyphal interactions
were also evaluated on microscope slides [24]. Nonvolatile compounds of   #  isolates (1:10
(v/v)) in PDA medium were used to evaluate mycelial development of the pathogens.  #  inoculum was prepared from 7-day-old cultures on
PDA. One ml spore suspension of  culture (5x106 conidia ml-1) was grown in 250 ml Erlenmeyer flasks containing 100 ml of potato dextrose
(PD). The flasks were placed on a rotary shaker for
7 days at 25°C and 0.2 μ filter-sterilized culture filtrate was collected and stored at 4°C in the dark [25].
Mycelial dry weight of pathogens was measured to reveal the effects of  #  on the dry
weight [21]. The experiment was arranged as a completely randomized design with ten replicates. The
results were subjected to one-way ANOVA, the
means were separated by Tukey’s HSD test (JMP
v9.0 software, SAS Institute Inc., Carry, NC, USA).
Effects of  #  isolates on conidia germination of pathogens were evaluated by incubation
of pathogen suspension on the glass slide containing
culture filtrates. Pathogen inoculum (106 conidia
ml-1) were added to slide including T16 and T23 extract. Sterile distilled water was used instead of the
extract as control. A light microscope (Zeiss, Axioscope A1) and camera (Zeiss, AxioCam Erc 5s) were
used for observations and imaging. Germ tubes were
measured in μm according to the number of 30 random selections.

(*:,80(2(4:(.5409:0*(99(? The   inhibition of mycelial growth of Bc-TR07 and SsTR07 by the PGPR isolates was tested using the dual
culture technique as described by Landa et al. [26].

mycoparasitism, hyphal interactions and enzyme secretion [7, 11, 12, 13]. Hyper-parasite 
strains grow necrotrophically over the fungi and lyse
cell walls with strong extracellular enzymes [7, 14].
Recent studies have indicated that certain strains of
 could enhance plant growth and induced systemic and localized resistance to several
plant pathogens [7].
The plant-bacteria interactions in the rhizosphere are important for plant resistance to disease
[15]. For example, non-pathogenic PGPRs are
known to rapidly colonize within the rhizosphere
and enhance plant resistance, which is termed as induced systemic resistance (ISR), while pathogen-induced resistance is called as systemic acquired resistance (SAR) [16]. Both SAR and ISR are expressed against a broad spectrum of root and foliar
pathogens [17]. Root colonizing PGPR may provide
good protection against many plant pathogens and
various mechanisms are involved in the biological
control of soil-borne and foliar fungal pathogens by
PGPR [18]. Activity of these bacteria may result in
increased yield through promoting plant growth,
competition for nutrients, promoting induced systemic resistance (ISR) mechanism, phosphate solubilizing, siderophore production, mycolytic enzyme
activities and antibiotic production properties [19].
Soil and seed treated with  strains can
increase the level of defense-related plant enzymes,
including various peroxidases, chitinases, β-1,3-glucanases. In this study,   efficiency of  #
 and PGPR strains (   sp. and  
 sp) was determined against eggplant pathogens, gray mold ( ) and white mold ( 
) sourced from eggplant greenhouses.


#!"#"

952(:,9The  (Bc-TR07), 
 (Ss-TR07) and plant growth-promoting rhizobacteria (PGPR) were used from the culture collection in Mycology Laboratory of Erciyes University Agricultural Faculty Plant Protection Department, Kayseri-Turkey. These pathogenic fungal isolates, which were isolated from the eggplant above
ground including the stems, and highly virulent isolates were used in this study [1]. The fungal isolates
were maintained on a potato dextrose agar (PDA;
Merck, Darmstadt, Germany) medium and stored at
4°C for further use.
 #  strains (T16 and T23) were supplied from the culture collection of the Institute for
Phytomedicine at the University of Hohenheim, Germany and they were used in this study. In a previous
study, rhizobacteria were isolated from eggplant rhizosphere soil. It was characterized that the rhizobacteria    (P07-1) had nitrogen
fixation, phosphate solubilization, protease activity,
siderophore and hydrogen cyanide production ability
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;(2*;2:;8,,>6,803,4:As compared to the
control,  #  and PGPR strains showed inhibitory effect on the mycelial growth of pathogenic
strains of Bc-TR07 and Ss-TR07 (Table 1). PGPR
strains of P07-1 and B379c performed better than
TT16 and T23 in dual culture tests with inhibition
rates of between 66-77% for both pathogens. Both 
 #  strains grew much faster on PDA than the
tested pathogens under the same culture conditions.
The maximum mycelial inhibition of Bc-TR07 was
recorded when the  #  strain T23 was used
(44.67%). T16 was found to be more efficient than
T23 in inhibiting colony growth of the pathogen isolate of Ss-TR07 (Figure 1). The potential biocontrol
agents started to outgrow the pathogens, rapidly colonizing and utilizing the available medium. The dual
culture method has been widely used in antagonistic
studies [22, 29, 30]. The same  #  strains
inhibited mycelial growth and production of
Fumonisin B1, B2 of  in maize [31]. It
has been reported that extracellular mycolytic enzymes secreted by  might play an important role in antibiosis against some plant pathogens [32]. The two common mechanism of PGPRs
varies among the genera for suppressing the growth
of pathogenic fungi; they can produce enzymes
which lyse fungal cells.   # produces extracellular chitinase and laminarinase which
lyse the mycelia pathogens [33]. In a similar study,
mycelial growth inhibition of "  and
  ranged from 60 to 90% for four
PGPR strains [34].

Four 50 μl drops from the 108 cfu ml-1 suspension of
the bacterial colonies were equidistantly placed on
the margins of PDA plates and incubated at 27°C for
24 h. One agar disc (0.5 cm) from fresh PDA cultures
of Bc-TR07 and Ss-TR07 was placed at the center of
the PDA plate for each bacterial isolate and incubated at 27°C for seven days. Fungal colony diameter was measured and the percent growth inhibition
was calculated using the following formula (% Inhibition=[( -)/ *100]): where,  is the radius of the
fungal colony opposite the bacterial colony and, is
the maximum radius of the fungal colony away from
the bacterial colony.
",,+.,8304(:054:,9:   root colonization ability of  #  strains was detected in a
previous study [27]. For that reason, only PGPR isolates were evaluated in this experiment. Seeds of 
   L. cv. (Kemer) were used as the
plant material of the experiments. Surface-sterilized
seeds were sprayed with P07-1 and B379c bacteria
grown on nutrient agar at 108 cell ml-1 suspensions.
Ten seeds were placed in equal distances to Petri
plates containing water agar, at equal intervals and
incubated for 10 days at 24°C. Experiments were
conducted in completely randomized design with 5
replicates (10 seeds in each Petri plates). Controls
were treated only with sterile distilled water. Radicle
and hypocotyl lengths of seed were recorded on 10th
day of the experiment, and germination rate, seed
vigor index and germination speed parameters were
calculated [28]. Variance analyses were carried out
and significant means were compared with Tukey’s
multiple comparison test.

# 
?*,20(2.85=:/04/0)0:0545-6(:/5.,40* $'%)' & #%(4+!%$' # &!%$' $%(")?
% $%"%* #("# (4+# (4+  !  (4+ *9:8(04904+;(2*;2:;8,
$'%)' & #% 
#8,(:3,4:9
5254?+0(3,:,833
4/0)0:054
**
T16
56.00
± 5.35
b
37.78
T23
49.80
± 6.15
b
44.67
P07-1
20.80
± 4.50
c
76.89
B379c
20.60
± 4.80
c
77.11
Control
90.00
± 0.00
a


!%$' # &!%$' $%("&
T16
53.50
± 4.60
b
40.56
T23
59.50
± 5.55
b
33.89
P07-1
30.40
± 4.60
c
66.22
B379c
20.70
± 3.80
d
77.00
Control
90.00
± 0.00
a
T16 and T23;   #  strains, P07-1;    (P07-1), B379c;   subsp. 
 PGPR strains
**
Means within columns followed by the same letter for each of the pathogens are not significantly different according to
Tukey’s HSD test (P>0.05). Values represent mean ± SD of ten replicates. Measurements of radial growth were taken 7 days
after inoculation.
*
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?6/(2+,<,2563,4:(4+9658,9:8;*:;8,9)?920+,*;2:;8,:,*/407;,9:(04,+=0:/2(*:56/,452*5::54
)2;, $'%)' & #%(4+!%$' # &!%$' $%("--,*:5-#   #%# &!%$' 
$%("#   #%# &!%$' $%("(4+  !9:8(049    #%  
&!%$' $%("04+;(2*;2:;8,

<(2;(:054 5- (4:(.5409:0* (*:0<0:? :/85;./
685+;*:0545-(4:0-;4.(2<52(:02,(4+454<52(:02,
3,:()520:,9 04 % $%" %* #(". As compared to volatile compounds, non-volatile compounds of T16 and T23 suppressed colony development of Bc-TR07 and Ss-TR07 significantly. Mycelial growth of both pathogens were inhibited by T16
and T23 (22.89-32.00%). Non-volatile antibiotics
produced by T16 isolate inhibited mycelial development of  and  respectively
by 44.41 and 81.94% and they were found to be more
successful than T23 isolate. The diffusible volatile
and non-volatile metabolites of  #  strains

showed an inhibiting activity on the mycelial growth
of these pathogens (Table 2 and Figure 2). Similarly,
the   isolate activated the ISR mechanism
in   by means of some volatile metabolites [35]. Several researches reported the effectiveness of volatile and non-volatile compounds by 
 and   #  under   conditions
[30, 36]. Vey et al. [37] reported that some volatile
secondary metabolites were produced by 
 such as ethylene, hydrogen cyanide, aldehydes and ketones which play an important role in
controlling the plant pathogens. The substantial
functions associated with  species can
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and Ss-TR07 at an average rate of 25% (Table 2).
Studies indicated that various  strains
were effective biocontrol agents for phytopathogenic
fungi. Hyper-parasitic  strains grow necrotrophically toward to fungi and lyse cell walls
with strong extracellular enzymes [11].

inhibit the growth of pathogenic fungi by producing
enzymes capable as much as some cell wall degrading enzymes like chitinase, glucanase hydrolytic enzymes and proteases which are closely related to mycoparasitism [11].
Hyphal interaction between the antagonist
strains of T16, T23 and tested pathogenic strains of
the Bc-TR07 and Ss-TR07 was examined four days
after incubation. There were no hyper-parasitic reactions like osmosis, hyphal penetration, hyphal degeneration, leakage of cell contents, degeneration in
cell organelles and melt of hyphae, therefore its concluded that primary biocontrol mechanism depends
on antibiosis (Figure 2A-B). Increasing mycelial dry
weight on pathogen microorganisms could be explained with no lytic activity on pathogen mycelia by
antagonist strains (Table 2). Both   # 
strains inhibited conidia germination of Bc-TR07

",,+ .,8304(:054 :,9:. In a former study, it
was determined that the rhizobacteria P07-1 had nitrogen fixation, phosphate solubilization, protease
activity, siderophore and hydrogen cyanide production ability and B379c isolate had nitrogen fixation
and protease activities [20]. The   root colonization study demonstrated that PGPR isolates (P071 and B379c) were quite effective as root colonizers.
Germination rates for eggplant seeds treated with
P07-1 and B379c rhizobacteria were recorded as

# 
--,*:95-<52(:02,(4+454<52(:02,3,:()520:,95-% $%"%* #("546(:/5.,40*9:8(0495- $'%)' &
 #%(4+!%$' # &!%$' $%(")?3?*,20(2.85=:/+8?=,0./:(4+*540+0(.,8304(:054


*

T16
T23
Control
T16
T23
Control

$'%)' & #% 
%52(:02,
54<52(:02,
*5365;4+
*5365;4+
Colony diameter
Inhibition
Colony
Inhibition (%)
(mm)
(%)
diameter (mm)
**
69.4
b
22.89
36.40
c
44.41
61.2
b
32.00
50.10
b
28.58
90.00
a
90.00
a
!%$' # &!%$' $%("&
64.7
b
28.11
7.25
c
81.94
68.1
b
24.33
41.30
b
44.11
90.00
a
90.00
a

8?=,0./:

540+0(
.,8304(:054

(mg)

(µm)

0.43
0.75
0.45

b
a
b

30.20
35.50
200.00

b
b
a

0.49
0.71
0.47

b
a
b

32.80
34.50
240.00

b
b
a

T16 and T23;   #  strains.
Means within columns followed by the same letter for each of the pathogens are not significantly different according to Tukey’s HSD test
(P>0.05). Values represent mean of ten replicates. Measurements of radial growth were taken 7 days after inoculation.
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# 
--,*:95-&($"$#&%( #$&  (4+  !!(&&(' ! &9;)96&(' ! & *:8,(:3,4:954
.,8304(:0548(:,.,8304(:05496,,+04+,>8(+0*;2(/?65*5:?22,4.:/(4+9,,+<0.5804+,>5-
,..62(4:9,,+9

",,+.,8304(:054
,8304(:054
!(+0*;2(?65*5:?2
!(+0*;2(33 ",,+<0.5804+,>
8(:,
96,,+04+,>
2,4.:/33
*
**
P07-1
90.00
a
0.69
a
18.50
a
12.06
a
1635.40
a
B379c
80.00
b
0.62
a
18.34
a
12.02
a
1482.60
ab
Control
65.00
c
0.45
b
11.63
b
7.53
b
756.20
b
*
P07-1;    (P07-1), B379c;   subsp.  PGPR strains
**
Means within columns followed by the same letter for each of the pathogens are not significantly different according to
Tukey’s HSD test (P>0.05). Values represent mean of ten replicates. Measurements of radial growth were taken 5 days after
inoculation.
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90% and 80%, respectively, while control germination rate was 65%. Root length was 7.53 mm in control group while it was 12.06 mm in seeds treated
with P07-1 and 12.02 mm in B379c. According to
results, vigor index in rhizobacteria treatments was
almost twice as much of the control group. Seed
vigor index was calculated as 756.2 in controls while
it was as high as 1635.4 for P07-1 and 1482.6 for
B379c rhizobacteria. There were significant differences in germination speeds of the seeds. In seed germination experiments, PGPR isolates (P07-1 and
B379c) significantly increased the radicula-hypocotyl length and seed viability index of eggplant
seeds as compared to the control (Table 3 and Figure
3).
In addition to rhizobacteria,  species have been reported to increase seed germination
rate and seed vigor index [27, 38]. In some studies,
it has been reported that   and  
rhizobacteria reduced the germination rate in plant
seeds while promoting plant growth [39]. It has been
reported that PGPRs could suppress the pathogen
populations in the rhizosphere by producing some
metabolites or competition ability, but their main
role in broad spectrum was protection against diseases, thus to promote plant growth and resistance
[40].





Biological control has been advanced as an
eco-friendly alternative to synthetic fungicides.
Combination of several mechanisms such as antibiosis, hyper-parasitism, competition and induced resistance, is probably responsible for the multiple effect of the biocontrol agents. Present findings revealed no lytic activity between the  pathogen and also, no hyper-parasitic reactions,
therefore it was concluded that primary biocontrol
mechanism most probably relied on antibiosis.
In the light of a previous work, the primary
characteristics of rhizobacteria were considered nitrogen fixation, phosphate solubilization, protease
activity, siderophore and hydrogen cyanide production ability. Initial screening of two PGPR strains for
their antagonistic properties against  and
  under   conditions demonstrated that both agents had a suppressive effect,
leading to inhibition of mycelial growth. Present
findings indicated that both candidate bioagent rhizobacteria had a successful colonization in eggplant
rhizosphere. In this study, efficiency of  # 
and PGPR strains against eggplant pathogens, gray
mold ( ) and white mold ( )
were determined under   conditions. Successful application of antagonist  species
for biological control purposes requires consideration of environmental conditions and antagonistplant interactions. Biotic and abiotic environmental
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conditions may greatly alter efficiency of antagonist
organisms, therefore its critical to support  
findings with greenhouse and/or field experiments.
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In this study, it is aimed to model some greenhouse climate parameters by using two different prediction tools based on machine learning and artificial
intelligence. For this purpose, in the first part of the
study, the data set which consists of indoor and outdoor measurements taken from 7 different points of
the greenhouse for 12 months from a region with terrestrial climate was adapted for modeling. In the second part, the functional relationship between input
(independent) and output (dependent) variables was
examined by artificial neural network (ANN) and
multivariate adaptive regression splines (MARS)
methods. In the third part, the models were evaluated
with performance criteria and the best estimation
model is selected. Comparison of ANN and MARS
models indicated that MARS performs better than
ANN with lesser values of MAPE (mean absolute
percentage error), RMSE (root mean square error)
and MAD (mean absolute deviation), and slightly
higher value of R2 (coefficient of determination) in
order to predict mean temperature (Tmean, 0C) and relative humidity (RHmean, %). Based on these findings,
it was observed that MARS method could provide a
more detailed modeling as an alternative to ANN in
developing comprehensive greenhouse climate
mechanization.



predicting the microclimate caused by these climatic
parameters in the greenhouse interior environment
and ensuring biological optimum indoor air climate
values for plants are two extremely important issues
for economical breeding. The greenhouse microclimate having suitable environmental conditions for
growing plants is a nonlinear complex system [3].
For this reason, it is difficult to establish a greenhouse mechanism model with transformation functions or simple mathematical formulas [3, 4].
At this point; the techniques developed based
on artificial intelligence and machine learning can
provide a suitable and successful modelling to researchers. Among these methods, artificial neural
network (ANN) is one of the flexible (soft) calculation tools in the study of complex and nonlinear relationships. In many studies conducted on greenhouses so far in the literature, ANN has frequently
been a preferred method in the study of nonlinear
and complex relationships. Of them; [5] predicted
optimal CO2 estimation, [6] estimated temperature,
[7] predict moisture, [4, 8, 9] estimated temperature
and humidity, [10] controlled the greenhouse conditions by using ANN method.
On the other hand, recently, another method
widely used in the modeling of such relationships in
high-dimensional data structures is Multivariate
Adaptive Regression Splines (MARS). MARS
method has been used in the literature as an effective
estimation tool that has been subject to many studies
such as wind speed [11, 12], surface air temperature
[13], modelling reference evapotranspiration [14],
evaporation loss [15-17], dew point temperature
[18], and freezing risk [19].
In this study, it is aimed to model some greenhouse climate parameters with two different estimation tools based on artificial intelligence and machine learning. Work plan for this purpose is follows
as i) Preparation of a 365-day data set including
greenhouse indoor and outdoor climate parameters
and preliminary stage of the data for modelling, ii)
Modelling the functional relationship between input/independent variables and output/dependent variables with ANN and MARS methods, iii) Using the
performance criteria to determine the prediction

,*#%&
Greenhouse temperature, humidity, dew point, ANN,
MARS

"'%#('#"

One of the most significant issues in modern
greenhouse cultivation is to expand the production
season to increase the annual yield and profitability
per unit area [1]. However, the extreme temperature,
relative humidity, wind speed etc. parameters that
occur during the year in climatic terms are significant parameters that prevent plant breeding in the
greenhouse [2]. These climatic parameters may vary
depending on the external climate values. Therefore,
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model that best represents the data used in the research.


!'% &"!'#&

-?- >1?> The data material of the research
consists of some climate data measured in and outside of the greenhouse having a terrestrial climate.
The data were determined by taking measurements
from 7 different points of the greenhouse for 12
months with HOBO brand data loggers.
From the greenhouse climate data for ANN and
MARS modelling, daily average the maximum and
minimum temperature in the greenhouse (X1:Tmax;
X2:Tmin,0C), relative humidity (X3:RHmax; X4:RHmin,
%), dew point temperature (X5:DPmax; X6:DPmin, 0C)
values and average outdoor wind speed (X7: WSmean,
m/s), were defined as the input for ANN and as independent variable in MARS model. The mean temperature (Tmean, 0C) and relative humidity (RHmean,
%) for the external environment were determined as
output in ANN and dependent variables in MARS.

=?525/5-7 "1@=-7 "1?B:=6 !:017 ""
ANN is a widely used logical mathematical programming system for solving problems that are complex or difficult to solve analytically. For such problems, ANN produces solutions with a similar approach to the neural functioning of the neurons in the
human brain [20]. In this context, the process steps
in the general structure and operation principle of an
artificial nerve (neuron) cell are shown in Figure 1
[21].
An artificial nerve cell given in Figure 1 involves of 5 basic process elements such as  Inputs
[/1  /2      /B \  Weights [.1  .2      .B \ 

three different layers. The portion where the information is presented to the network is called the input
layer, the portion where the output corresponding to
each received input is called the output layer, the
layer between the input and output layer is called the
hidden (intermediate) layer [14]. In this structure, the
information is transmitted by the connection
weights, and the number of hidden layers can be designed to be one or more depending on the problem
structure [23]. In order to determine the number of
neurons in the hidden layer, predominantly trial and
error method is preferred [24]. The flowchart for the
ANN modelling process of greenhouse climate data
is explained below.
&?1;  In the ANN network topology, Tmax,
Tmin, RHmax,RHmin, DPmax, DPmin, WSmean measured
values were defined as inputs, Tmean and RHmean were
defined as outputs.

&?1; 
The data (input and output data)
were converted to the range of [-1, 1] by the minmax normalization process in Equation 1. In the
equation, vnorm: normalized value, v: the measurement value of the variable, vmax and vmin show the
original maximum and minimum values of the variables [25].

 =

(1)


&?1; 
The functional relationship between the input and output variables defined in step
1 was examined by creating two different network
models named as ANN-I and ANN-II, which contains 7 inputs and single output. The inputs were the
same in both structures, but output variable was presented to the network as Tmean for ANN-I and RHmean
for the ANN-II. The general structures of the ANNI and ANN-II network designs, each of which is designed to have a single output with multiple inputs,
are given in Figure 2.



Sum function [ (

 − min
max − min

∑ ) : = ∑   + θ  ], 
 =1

Activation
function
(-[/\),

Outputs
[,1  ,2      ,B \ [22] and the structure consists of


(% 
191=-7>?=@/?@=1:2-9-=?525/5-791=A1/177
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&?1;
Different attempts were made to
determine the number of hidden layers in the network design and the number of neurons to take place
in this layer. The number of hidden layers was chosen 1 and 2, the number of neurons to be placed in
this layer was tried in different ways from 2 to 12,
and the optimum network structure was created for
each ANN model.

where y is dependent variable, 0 is constant term,
and s is the number of basic functions, A is coefficient of kth basic function and 9 [\ shows kth basic
function [28].
MARS model consists of two steps named forward algorithm and backward algorithm. In the first
stage, the basic functions are added to the model until the model reaches the highest level of complexity.
This may cause an overfitting problem in the model.
In order to prevent this problem, in the second stage,
the BFs in the model are removed from the model
with a minimum of prediction error using the reverse
step algorithm and the optimum model is reached
[27, 29]. The elimination of BFs from model is done
by Generalized Cross Function (GCV) method. For
M samples, GCV is defined as:

&?1;
 As an activation function, hyperbolic tangent (tanh) transfer function and linear
transfer function (purelin) were preferred in the interlayer and output layers respectively. The designed
feed-forward Multilayer Perception (FFMLP) network structure was trained using the Levenberg Marquart (LM) algorithm. The maximum number of iterations was 1000, the convergence criterion 10-8 of
the network and epoch: 100.

!@7?5A-=5-?1 0-;?5A1 %13=1>>5:9 &;7591>
!:017!%&MARS is one of the nonparametric
regression methods and was developed by Stanford
University physicist and statistician Jerome H.
Friedman in 1991 [26]. In this method, there is no
assumption about dependent and independent variables, which makes it possible to model using a large
number of variables [27].
In the MARS method, the space created by the
independent variables is divided into several different linear parts (spline functions) and the breakpoints
between the segments are called knots. The segments
represent the linear functions called as basic function
(BF) and BF’s are generally in the form of Equation
2.
[  Q \  [  Q \
(2)
Here, x shows independent variable, k is constant corresponding to knot [28]. MARS model in
general is expressed as below:
V R Z[\ R 0 P ';951 A A [\
(3)

C

 [\ R I

D

Z
'I
KFCS=M 48[<K \T
G[H\ D
^
I

]14

(4)

where, C(H) is a penalty of complexity, and C(H) increases with the number of BF in the model. C(H) is
computed using the equation below:
[\ R [ P \ P 
(5)
where d is penalty for each BF added to model and
H is the number of BF [30].
Operations of the ANN method were done by
using the Matlab 2018b program codes, the MARS
method operations were performed by using the Salford Predictive Modeler 8 trial version.

!:017 $1=2:=8-9/1 A-7@-?5:9 In order to
evaluate the performance of the ANN and MARS
models, compliance criteria used in this study are
given from Equality 6 to 10 [20]. In the evaluation,
it was taken into consideration that R2 was high and
other criteria were minimum. Below, MAPE implies
Mean Absolute Percentage Error, MAD implies
Mean Absolute Deviation, RMSE is Root Mean
Square Error, R2 stands for coefficient of determina2
tion, +>?@
is adjusted R2.
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'8-C
4.91
43.84
31.50
0.43

!59
!-C
!1-9
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'859
-4.41
23.16
10.69
0.35

'  
1>/=5;?5A1&?-?5>?5/>
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)-=5-.71>
+
+
+
+
%8-C %859 $8-C $859
40.73
13.77
-1.35
-6.8
88.57
76.82
24.05
16.75
75.70
32.09
13.30
5.179
0.49
0.58
0.27
0.30

&!Standard Error Mean

+
*&81-9
0.63
8.95
2.35
0.06

#@?;@?> 1;19019?
)-=5-.71>
,
,
'81-9
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-1.44
29.92
32.53
83.79
19.14
55.59
0.41
0.59
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(6)

Table 1 shows some descriptive statistics of inputs/independent variables and outputs/dependent
variables for two different modelling using the ANN
and MARS methods for greenhouse climate parameters.

""8:01775932:=3=1194:@>1/758-?10-?-
1>?58-?5:9As a result of the experiments conducted
for the ANN-I and ANN-II multi-input single output
modelling system, the optimum network topology
was designed for 7-9-1 for ANN-I and 7-8-1 for
ANN-II. The 365-day data set was randomly divided

(7)
(8)
(9)

W
JK EJ
KY
'L
KFCY J
K

 [&\ R

(10)
:
Here, m: The number of sample data (Number of
days taken for measurement), Yk: Measured values,
W9 : Prediction value, k: Estimation value, ,N : Mean
value.
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RHmax-Tmin, WSmean-RHmin. The contribution of these
interactions to the model is shown in Figure 4. When
the contributions of the independent variables to the
prediction model according to their importance were
examined, it was seen that the highest contributing
variables were Tmin (100%) and Tmax (71.73%), and
the RHmin and DPmax variables did not contribute significantly to the model.
In the MARS-II model in Table 3, only 7 BF
models are involved among 15 BF. Of these, only the
BF8 function involves Tmin-RHmax interaction; others
are included as single splines. The variable that contributed the most to the model was RHmin (100%) and
RHmax (95.55%). Since the Tmax and DPmax variables
were not included in the model, it was found that
these variables did not have a significant effect on
the variation in RHmean.
Figure 4 shows the contributions of the binary
interactions of the variables used in the MARS-I and
MARS-II models in 3 dimensions (3D). According
to 3D graphics, the contribution of Tmin-Tmax interaction is more than the others for MARS-I model created for Tmean variable. The least contribution to the
model is the interaction of WSmean and RHmin. In the
MARS-II model, RHmax-Tmin interaction contributes
to the model most.

into two different sections: 302 (82.74%) for training
and 63 (17.26%) for testing. The results of R2 and
adjusted R2 [R-Sq (adj)] for the training and test
samples are presented in the compliance graphs between the predicted and observed values in Figure 3.
According to Figure 3, when the compliance
graphs drawn for each of the ANN models (ANN-I
and ANN-II) are examined, it is observed that the estimation results show close to the measurement values.
!%& 8:0177593 2:= 3=1194:@>1 /758-?1
0-?- 1>?58-?5:9The relationship between 7 independent variables [/1  /2      /3 \ and Tmean (),
RHmean () dependent variables, respectively, were
investigated by establishing two different model
structures: MARS-I and MARS-II. Table 2 and Table 3 show the prediction models obtained by MARS
method and the definitions of the basic functions in
the models, respectively.
As shown in Table 2, there are only 13 of the
15 BFs in the MARS-I model. Of these, BF1, BF2,
BF3, BF4, BF13 and BF14 are single splines, while
BF6, BF7, BF8, BF9, BF10, BF11 and BF15 have
the multiplication form of basic functions BF2, BF3
and BF14. In other words, the basic functions of
BF6, BF7, BF8, BF9, BF10, BF11 and BF15 show
the interaction of WSmean-Tmin, Tmin-Tmax, DPmin-Tmin,


->5/
@9/?5:9
BF1
BF2
BF3
BF4
BF6
BF7
BF8
$=105/
?5:9
<@-?5:9


'  
>:2!%&8:017-90?415=012595?5:9>

C;=1>>5:9

->5/@9/?5:9

C;=1>>5:9

max (0, Tmin - 13.57)
BF9
max (0, DPmin - 4.12) * BF2
max (0, 13.57 - Tmin)
BF10
max (0, 4.12 - DPmin) * BF2
BF11
max (0, RHmax - 71.61) * BF2
max (0, Tmax - 23.41)
max (0, 23.41 - Tmax)
BF13
max (0, RHmin - 71.37)
BF14
max (0, 71.37 - RHmin)
max (0, 1.34 - WSmean) * BF2
max (0, Tmin - 17.82) * BF3
BF15
max (0, WSmean - 0.63) * BF14
max (0, 17.82 - Tmin) * BF3
, R "$ P "" %# ( )* Q "$% ( )* P !#! ( )* Q   $
( )*  P #!%  ( )*" Q %! ( )*# Q " ! ( )*$
Q $  ( )*% P " ( )* P %%!"" ( )*
Q %" ( )* P %"!  ( )* P " $# ( )*!

)-=5-.718;:=?-9/1&/:=1>'859: 100%; '8-C: 71.73%; %8-C 8.58%; $859 6.21%; *&81-9 2.26%

->5/2@9/
?5:9
BF1
BF2
BF3
BF4
$=105/?5:9
<@-?5:9


'  
>:2!%&8:017-90?415=012595?5:9>
C;=1>>5:9

->5/2@9/?5:9

C;=1>>5:9

max (0, RHmin - 36.79)
BF5
max (0, DPmin - 0.76)
max (0, 36.79 - RHmin)
BF8
max (0, 13.57 - Tmin) * BF3
BF13
max (0, 1.94 - WSmean)
max (0, RHmax - 71.07)
max (0, 71.07 - RHmax)
, R !#% P !""% ( )* Q #!  ( )* P $#" ( )* Q  $"!
( )*  Q  " ( )*! Q %$!$ ( )*$ P $# ( )*

)-=5-.718;:=?-9/1&/:=1>RHmin: 100%; RHmax: 95.55%; DPmin: 23.94%; Tmin: 18.90%; WSmean: 10.34%
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302
6.208
0.909

63
9.823
0.975

302
5.840
0.831

63
6.566
0.927

302
3.905
2.032

63
6.031
3.118

302
3.455
1.847

63
3.245
1.722

%!&
1.166
1.256
1.087
1.152
2.528
3.719
2.340
2.203

%
0.976
0.882
0.980
0.978
0.956
0.872
0.957
0.966

 Artificial Neural Network  Multivariate Adaptive Regression Splines   Mean Absolute Percentage
Error;  Mean Absolute Deviation;
 Root Mean Square Error; : Coefficient of Determination
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The performance measures of the models obtained
by ANN and MARS method are shown in Table 4. 
According to Table 4, MAPE values for both
testing and training sets are less than %10 for ANN
models. In the literature, it is accepted that a successful estimate occurs when the MAPE is below of 10%
[31]. According to this criterion, it can be said that
the training phase for two different ANN models was
correctly trained and avoided overfitting and the performance of the prediction is successful.
Similarly, MARS models were found to be less
than 10% of the MAPE criteria for both training and
test samples. MARS models with lower MAPE values compared to ANN models have higher predictive
performance (Table 4). In order to assess network
validity and accuracy, regression analysis is often
preferred and the accuracy of the estimation increases as the value of R2 approaches 1 [32]. In this
context, it was observed that the R2 values of ANN
models were close to 1 when the values were examined and thus a high compliance was found between
the estimation and measurement values (Figure 3).
However, when these values were compared to R2
values of MARS models, the R2 values of MARS
models were much closer to 1 (Table 4). In addition,
when all of R2 and other performance criteria
(MAPE, MAD, RMSE) were evaluated together, it
was seen that the MARS-I and MARS-II models had
better performance than ANN-I and ANN-II (Table
4).
This finding has been emphasized in the literature by comparing the two methods in many different field studies in which the ANN and MARS methods are the subjects. [33] stated that MARS had
lower MAPE than BPN (backpropagation neural
networks) and SVR (support vector regression)
models according to sales forecasting results. [34]
aimed to use MARS and ANN in estimation of compaction parameters of sandy soil and developed 3
different prediction models. They expressed that
MARS had lower MAPE values than ANN in all
three models for both testing and training sets. [35]
mentioned that MARS gave highest Adjusted-R2 and
least MAPE values than ANN and GEP (gene expression programming) models in prediction of heat
transfer characteristics. [36] showed that MARS has
less MAPE value than ANN in predicting daily solar
power output. [37] chose MARS and ANN to develop ranking models and reported that MARS outperforms the ANN acoording to precision criteria.
They observed that MARS has higher precision values than ANN for training and testing sets.
When the literature is examined in general, it is
seen that it matches with the findings of the presented study. According to comparison of MARS
and ANN models in terms of performance criteria,
clearly MARS outperforms ANN. Additionally, it
can be said that the MARS method can be used as an

alternative method to ANN for the reasons that
MARS gives an explicit estimation model equation,
ANN has a black box which does not give information about what is going on in ANN operation, the
effect of variables and interactions on the model can
be determined in MARS method and the result of
MARS is faster than ANN.


#" (&#"

In the presented study, the functional relationship between greenhouse climate parameters exhibiting nonlinear relationship was investigated by
ANN and MARS methods. In the prediction modelling for these measurements, which took quite long
time to measure with instruments, the performance
values of the models developed by MARS method
(R2, MAPE, MAD and RMSE values) were found to
be better than ANN models (Table 4). When the estimation model for Tmean developed by MARS
method was examined, it was found that the variable
that contributed the most to model was Tmin, and the
RHmin and DPmax variables did not have a significant
effect on the model in explaining the variation in
Tmean. Similarly, Tmax and DPmax variables were not
found to contribute to the model in the prediction
model for RHmean. In this context, it is seen that
DPmax independent variable has no significant contribution to both two models. When the binary reactions related to the independent variables were examined, it was observed that the Tmin-Tmax in MARSI model and RHmax-Tmin in MARS-II model contributed the most to the model.
As a result, it is thought that MARS method
performs better than ANN in predicting greenhouse
climate parameters used in this study and MARS can
be used as an alternative estimation tool in the development of greenhouse indoor climate parameters
and consequently in terms of cultivation. In the future, the greenhouse climate parameters used in this
study can be modelled by MARS method by adding
different parameters and examined comparatively by
fuzzy regression or different artificial intelligence
and machine learning based methods.
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On the basis of core description and logging
analysis, the sedimentary structure, logging facies,
microfacies types and reservoir distribution of the
Second Member of Shuangyang Formation of
Changchun Oilfield in Yitong Basin are studied. The
results show that the Second Member of Shuangyang
Formation in the study area mainly develops conglomeratic sandstone, coarse sandstone, fine sandstone and mudstone, with low composition maturity,
low textural maturity, poor sorting, poor roundness.
A variety of bedding structures and scour filling
structure developed in study area. The fan delta front
subfacies can be further divided into five microfacies, including underwater distributary channel,
point bar, sheet sand, overbank sand and underwater
interdistributary. Underwater distributary channel is
the skeleton sand body, and it is ribbon-shaped. Point
bar is lingual or oval stacking body in the center of
the underwater distributary channel, and it is the
main reservoir in study area. The sand body was
stripped from north west to south east, with the thickness of sand body increasing first then decreasing
and the width of the channel widening first then narrowing. On the whole, the water energy of underwater distributary channel increases first then decreases, which reflects the transition from recession
to transgression.

underwater sedimentary system. The oil field is
greatly affected by faults, but the underwater distributary channel in the fan delta front migrates frequently, which also determines the distribution of
premium reservoirs. As a result, studying the distribution of sedimentary microfacies of the second
Member of Shuangyang Formation in Changchun
oilfield has profound significance for further development.


  $%%

Yitong basin is located in the central of Jilin
province and between the Dahei mountain and
Nadanhada hill. It is a Paleogene petroliferous strikeslip fault basin in the north part of Jiamusi in Tanlu
faulit zone, with the length being about 300km,
width varying from 5 to 20km, area being about 2400
km2 and distributing along NE direction [1-2]. Luxiang fault depression is located in the middle of
Yitong graben and it is a sub-tectonic unit in the basin, and it can be subdivided into Danan depression
and Wuxing structural zone, the depression area is
about 310km2 [3-7]. Changchun olifield is located in
Shuangyang area in Changchun city, Jilin province.
It is in Wuxing structural zone of Luxiang depression
(Fig.1) [8-9].
The basement of the study area is Hercynian
granite and Carboniferous-Permian metamorphic
rock, and the caprock develops in Shuangyang Formation Sheling Formation and Yongji Formation of
Eocene series, the Wanchang Formation and Qijia
Formation of the Oligocene series, and the Chahelu
Formation of the Miocene series [10-16]. Thickness
of Shuangyang Formation is about 500-800m, and it
can be subdivided into 3 Members. The first Member
of Shuangyang Formation is 150-200m, with the
gray glutenite developing in the bottom and gray
dark mudstone and gray dark argillaceous siltstone
developing in the top, and the first Member has an
angular unconformity with the underlying strata;

(' #$
Yitong Basin, Changchun Oilfield, Shuangyang Formation, fan delta, sedimentary facies
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The second Member of Shuangyang Formation
in Changchun oilfield has experienced production
test period, oil production rising and falling, with
glutenite mainly developing, and it is fan delta

6195

#"

  $     





  !




The second Member of Shuangyang Formation is
200-300m, and grayish white glutenite, sandstone,
conglomerate, gray mudstone and argillaceous sandstone are commonly seen. The third Member of
Shuangyang Formation is 150-300m, with dark gray,
dark mudstone, silty mudstone and argillaceous
sandstone developing [17]. The second Member of
Shuangyang Formation is the main oil production
layer and is also the target layer. It can be subdivided
into 5 sub-member: IV, III, II, I and 0. IV sub-member is about 50-60m, depositing mainly grayish
white thin-bedded coarse sandstone and pebbly
sandstone intercalated with thin-bedded black mudstone. III sub-member is about 70m, depositing
mainly thick-bedded pebbly sandstone, coarse sandstone, partially intercalated with thin-bedded mudstone. II sub-member is about 50-60m, depositing
mainly moderate to thick-bedded grayish white
coarse sandstone intercalated with thin-bedded black
mudstone; I sub-member is approximately 50m,
with grayish white medium-to fine sandstone developing in the bottom and black mudstone and sandy
mudstone developing in the top; 0 sub-member is approximately 30m,with grayish black mudstone developing in the bottom and grayish white sandstone
and pebbly sandstone developing in the top.
During Shuangyang Formation sedimentary
period, Yitong Basin is surrounded by mountains
and hills, because of narrow basin and abundant supply on both sides of the basin, it has sufficient material source conditions for water system transportation. The sporopollen analysis showed that the climate in the study area was mainly the central and
southern subtropical climate, warm, humid, and the

water system was relatively well developed [18-21].
The Changchun oilfield is dominated by the southeastern provenance, and the strata have a thickening
trend from southeast to northwest. The fan delta facies deposits widely developed during the sedimentary period of the Second Member in the study area,
mainly developing fan delta front subfacies, and the
reservoir is mainly the underwater distributary channel.


%#$% $

,-5:1.1+):165 6. 9-,14-5:)8= .)+1-9 4)82
-89The mudstone in Second Member of the study
area is mainly grey, light grey and light black, reflecting the weak oxidation-weak reduction environment of sediments under the shoreline. The lack of
thick-bedded stable mudstone reflects the relatively
strong sedimentary hydrodynamics. The Second
Member of Shuangyang Formation is mainly composed of pebbly sandstone, coarse sandstone and
fine sandstone, which have low compositional maturity, low structural maturity, poor sorting and poor
roundness, reflecting the transport distance of debris
particles is short, and the study area is close to the
source. Abrupt contact frequently occurred in different lithologies, which reflects the instability of hydrodynamics. In addition, unstable heavy minerals
such as amphibole and biotite occurred in reservoir
rocks, also indicating the sedimentary characteristics
of close to source.
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parallel bedding
2A4-6well
2066.1m

graded bedding
2A4-6well
2055.6m

sand ripple bedding
2A46well2051.65m

scouring and filling structures
2A4-6well
2043.95m

rhizome of carboniferous
plants
2A4-6well
2062.6m

Argillaceous
fine sandstone
C10well
1871.0m
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13.1-3,
Various cross-bedding structures, massive
structures, scouring and filling structures are formed
in the Second Member, and horizontal bedding and
graded bedding structures are also commonly seen
(Fig.2). Parallel bedding is the result of high-water
energy, and it mainly develops in the underwater distributary channel and point bar of fan delta front. The
bedding feature is usually manifested by oiliness or
grain size. Both positive and reverse graded bedding
are formed mainly in the point bar, while in the sheet
sand mainly developed the reverse graded bedding;
Sand ripple bedding mainly developed in the top of
underwater distributary channel, the top of point bar
and overbank sand of fan delta. The scouring and
filling structures at the bottom of the underwater distributary channel in the study area strong develop,
and there are many trough-like cross bedding, rhizome of carboniferous plants and directional arrangement of mud and gravel on the scouring surface. In addition, plate cross bedding, wedge cross
bedding, horizontal bedding and massive bedding
are commonly seen in mudstone in the Second Member of Shuangyang Formation in Changchun Oilfield.

grooved cross bedding, parallel bedding, progressive
bedding occasionally developing. The scour filling
structure occurs usually at the bottom and the sand
ripple bedding is at the top. The sand body is stripshaped, the section is lenticular and quickly pinched
out. The spontaneous potential curve is box-shaped
or bell-shape with a sudden change at the bottom.
The point bar is within the underwater distributary channel, which is formed due to vertical accretion. Sand body does not have typical thinning-upward sequence, but it forms large plate cross-bedding and parallel bedding. It has small sedimentary
range, but has high sand content. The SP curve is
shaped like funnel, box, and bell.
The sheet sand generally develops in the side or
front of the underwater distributary channel in fan
delta front. It is the result of the transformation and
redistribution of the underwater distributary channel
under the influence of waves and currents. The sheet
sand widely develops, and it has small thickness, fine
granularity and high maturity, with the reverse rhythmic grain sequence being frequently seen. Vertically, there are sand ripple bedding, deformation
bedding in the sheet sand. Spontaneous potential
curves are mostly finger-shaped or dentationshaped.
Overbank sand is located on both sides of underwater distributary channel, mainly consisting of
gray, light gray fine sandstone and siltstone. Sand
ripple bedding, lenticular bedding, flaser bedding
and convolute bedding are formed commonly in the
overbank sand, and bioturbation structure is occasionally seen. SP curves are mostly finger-shaped or
dentation-shaped.
Underwater distributary channel is mainly gray
and gray brown mudstone, not developing obvious
horizontal lamination. SP curve is near straight line
or dentation-shaped.

19:81*;:165 )5, -<63;:165 6. 9-,14-5:)8=
.)+1-9 Taking full account of ancient sediment
source and paleocurrent direction, we use logging
data to analyze the distribution of sedimentary microfacies, and the facies belts characteristics of each
Member are obtained as follows:

#$&%$

$-,14-5:)8=41+86.)+1-9:=7-9According to
the study of the Second Member of Shuangyang Formation in Changchun Oilfield, the study area mainly
develops fan delta front subfacies [22-25]. On the
basis of core, sedimentary structure, lithofacies and
shape of sand bodies, the fan delta front subfacies is
subdivided into five microfacies, including underwater distributary channel, point bar, sheet sand,
overbank sand and underwater interdistributary (Fig.
3 and Fig.4).
Underwater distributary channel is the framework of the fan delta front, mainly developing pebbly sandstone, medium-fine sandstone, conglomerate, siltstone, with medium to poor sorting. It has
similar vertical sequence to the distributary channel,
with a thinning-upward sequence. The main texture
of sandstones is small staggered texture, with
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684):1650)5/+0;5 13.1-3,
consistent with the strike of the sand body, and it lies
in underwater distributary channels, with the shape
of tongue and oval.
II sub-member: the sand bodies are relatively
stable, showing strip-like distribution. The distribution of sand bodies is similar to that ofIII sub-member. The thickness of sandstones in Xing6 fault block
in the west is generally 30-50 m, and that in Chang10
fault block in the East is 20-50 m. But the scale of
underwater distributary channel is larger, the point
bar microfacies is more developed and the river energy is stronger in the sedimentary period of II submember of Shuangyang Formation.
I sub-member: compared with II sub-member,
the I sub-member has smaller sand scale and thickness. The thickness of sandstones in Xing6 fault
block in the west is generally 10-20 m, and that in
Chang10 fault block in the East is 5-15 m. And the 0
sub-member has a smaller distribution, with the
thickness of sandstones in Xing 6 and Chang10 fault
block decreasing 0-10 m. During the sedimentary period of I and 0 sub-member of Shuanger Formation,
the scales of underwater distributary channel and
point bar were further decreasing, but the area of underwater interdistributary was increasing.

IV sub-member: the distribution of sand bodies
is relatively stable. Both Xing 6 fault block in the
West and Chang 10 fault block in the East develop
sand bodies, but the thickness of sand bodies is relatively small, generally 10-20m. Sporadic sheet sands
were developed in the early sedimentary stage of the
Shuang2 Member IV sandstone formation, and delta
front facies was deposited in the middle and later
stages. The combination of branched underwater distributary channel and overflow sands was clear, and
overflow sands were deposited on both sides of the
distributary channel.
III sub-member: the distribution of sand bodies
is relatively stable, compared with IV sub-member,
the distribution range and thickness of sand bodies
increase. Sand bodies develop both in Xing 6 fault
block in the west and Chang 10 fault block in the
east, with the sandstone in Xing 6 fault block thickening 50-60 m and sandstone in Chang 10 fault block
thickening 40-50 m. During the sedimentary period
of III sub-member, the underwater distributary channel developed, within the channel, point bar form.
Because of the high-water energy, and a large number of coarse grained sediments can be seen in the
core. The strike of the point bar is basically
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area is controlled by sedimentary facies zones. The
sand bodies of Xing 6 fault block in Western and
Chang 10 fault block in eastern Changchun Oilfield
are along NW direction. Both fault blocks are in the
most favorable structure positions. The underwater
distributary channels and point bars are widely developed in the I, II and III sub-member of Shuangyang Formation, which are favorable reservoirs in
the study area.

According to the stratigraphy development of
Changchun Oilfield, the First Member of Shuangyang Formation developed in a deep lake, semi-deep
lake environment [26-28]. During the sedimentary
period of the IV sub-member, the water was shallow,
developing underwater distributary channel, point
bar and overbank sand. At the end of the IV submember, due to the rapid water regression, underwater distributary channel developed. II sub-member
and III sub-member were the main reservoirs. During the end of the II sub-member of the Shuanghe
Formation, the water depth increased and mudstone
widely formed in the area. Vertically, the thickness
of sand body increased first and then decreased, the
grain size of sandstone became thicker first and then
thinner, and the ratio of sand and formation increased first and then decreased, and the channel became first wider and then narrower. Which indicated
the water energy of underwater distributary channel
increased first and then decreased, reflecting the accommodate space decreased first and then increased
(Fig.5). The distribution of sand bodies in the study

$&$$  &$ 

(1) The Second Member of Shuangyang Formation in Changchun Oilfield is mainly composed
of pebbly sandstone, coarse sandstone, fine sandstone, grey and grey black mudstone. The reservoir
sandstone has low compositional maturity, low
structural maturity, poor sorting and roundness. Various bedding structures such as trough cross bedding, parallel bedding, sand ripple bedding, graded
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bedding, massive bedding and scouring and filling
structures extremely develop in the aimed layer.
(2) The Second Member of Shuangyang Formation in Changchun Oilfield mainly develops fan
delta front subfacies, which can be subdivided into
underwater distributary channel, point bar, sheet
sand, overbank sand and underwater interdistributary microfacies. Underwater distributary channel is
the main framework of the study area; Point bar is
the tongue-shaped, oval-shaped deposits in underwater distributary channel; Sheet sand is thin sand
formed in the end of underwater distributary channel; Underwater interdistributary develops mainly
argillaceous sediments. Underwater distributary
channel and point bar is favorable reservoirs.
(3) Sand body develops along NW to SE, with
the sand body thickness first increasing then decreasing, the grain size of sandstone thickening first and
then thinning, the ratio of sand and formation increasing first and then decreasing, and the channel
becoming first wider and then narrower. Which indicated the water energy of underwater distributary
channel increased first and then decreased, reflecting
the accommodate space decreased first and then increased.
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paper analyzes the development of mine water
inrush accidents in China over the past 10 years and
its influencing factors, with a view to the late mining in China. The basis for the prevention and control of water accidents.


$"#$ #

8,6A<4<98=30/0?069:708==;08/91@,=0;
48;><3,..4/08=,=,#9>;.0< The State Administration of Work Safety has published key data on
accidents throughout the country in its “accident
inquiry” database. The data in this paper is derived
from this database. In the "accident inquiry" database, the words "water inrush" and "water permeable" were used as the key words. A total of 619
water inrush (water permeable) accidents occurred
between 2000 and 2017, and the number of deaths
was 3,821. The number of accidents and the number of deaths are shown in Table 1.

$ 
)0,;-AA0,;<=,=4<=4.<917480@,=0;48;><3
,..4/08=<1;97 =9  

According to the data of water inrush (permeable) accidents published by the State Administration of Work Safety from 2000 to 2017, this paper
statistically analyzes the trend of mine water inrush
(permeable) accidents and its influencing factors in
the past ten years. The results show that the mine
water inrush and water seepage accidents showed
an upward trend during the period from 2000 to
2005. The overall trend showed a downward trend
from 2006 to 2017. The rainy season was more
prone to water inrush accidents than the dry season.
Township and private mining companies were the
high-incidence areas for water inrush accidents.
Perfect laws and regulations and strict management
are important factors in the incidence of water inrush accidents and mortality.



)' "#
Mine water inrush, development trend, influencing factors, economic type, laws and regulations

$" %$ 
Minerals are one of the essential elements for
the development of the national economy. With the
rapid development of China's economy, the scale of
mining is also increasing. The accidental water
inrush or permeable (hereinafter referred to as water inrush) accident has always been the “water
tiger” of mineral mining, and together with the “gas
tiger” gas explosion, it has become the two main
types of accidents that threaten the safe production
of mining areas [1]. In the event of a water inrush
accident in the mining area, it will not only cause
serious economic losses and casualties, but also
cause damage to the resources of the mining area
and the groundwater environment [2]. China's safety production supervision and management departments have always attached importance to the supervision and prevention of mine water inrush accidents. Based on the data of water inrush (water
seepage) accidents published by the State Administration of Work Safety from 2000 to 2017, the
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Year

Number of accidents

2000

6

Death toll
57

2001

50

449

2002

100

472

2003

99

467

2004

65

300

2005

75

606

2006

46

318

2007

41

269

2008

28

209

2009

25

149

2010

19

152

2011

19

98

2012

12

99

2013

14

68

2014

6

38

2015

9

54

2016

5

16

2017

4

18

Total

623

3839
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..4/08= /0?069:708= =;08/ ,8,6A<4< According to the data in Table 1, the distribution of
deaths and accidents (Figure 1) is shown. According to Table 1 and Figure 1, the number of accidents and the number of deaths can be clearly seen:
the number of accidents and deaths from 2000 to
2002 The number of people has increased sharply,
and the number of accidents reached the peak of
100 in 2002. From 2003 to 2005, the number of
accidents continued to be high, and the number of
deaths remained high. The number of deaths
reached the highest in 2005, that is, 606 people.
After that, the number of accidents and the number
of deaths gradually decreased. By 2017, the number
of accidents fell to four, and the number of deaths
fell to 18.

According to the Regulations on the Classification of Accidents in the Regulations on Production Safety Accident Reporting and Investigation
and Handling Implemented on June 1, 2007 (see
Table 2), among 619 water inrush accidents, 163
general accidents and 190 deaths. There were 370
major accidents and 1,838 deaths; 80 major accidents and 1,194 deaths; 12 major accidents and 617
deaths. From the accident frequency, in 623 accidents, only 5.4% of the accidents did not cause
casualties, which indirectly reflected the seriousness of the flooding accident. Figure 2 is a comparison of accident levels. Increase the development
trend of different levels of accidents.




%" 
#=,=4<=4.<91,..4/08=<,8//0,=3<1;97 =9  

%" 
#=,=4<=4.<98=308>7-0;91=3079<=<0;49><,..4/08=<,8//0,=3<1;97 =9  
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#=,=4<=4.<98=308>7-0;917,59;,..4/08=<,8//0,=3<1;97 =9  

%" 
#=,=4<=4.,62;,:391=308>7-0;91-4220;,..4/08=<,8//0,=3<1;97 =9  

%" 
#=,=4<=4.<98=308>7-0;912080;,6,..4/08=<,8//0,=3<1;97 =9  
8,6A<4<911,.=9;<4816>08.482@,=0;48;><3
,..4/08=   7:,.= 91 ;,481,66 According to the
mine safety accidents announced by the State Administration of Work Safety from 2000 to 2017, the





number of water inrush and water seepage accidents will be counted monthly. The statistical results are shown in Figure 6.
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 $3047:,.=910.98974.=A:0<91748482
08=0;:;4<0< According to the different economic
types of coal mine accidents, the coal mining enterprises are divided into five kinds of state-owned
large-scale coal mines, local coal mines (city, county and state-owned assets control), township coal
mines, private coal mines, illegal coal mines (without certificates or less certificates, and rectification). Type [6]. Among the statistics of water inrush
and water seepage accidents from 2000 to 2017,
47% occurred in township coal mines. State-owned
large coal mines and local coal mines accounted for
16.7% of accidents, and private enterprises and
illegal coal mines accounted for 19.4% respectively. 16.9%. The production capacity of township and
private enterprises only accounts for 30% of the
national output [7], but the number of deaths caused
by water inrush and water seepage accidents far
exceeds that of state-owned and local enterprises.

 7:,.=917480<,10=A29?0;8,8.0;06,=
0/:964.40<In order to curb the serious situation of
China's mining area security, since 2003, the central
government has issued a series of related policies to
curb the occurrence of coal mine accidents. See
Table 2 for details.

It can be seen from Figure 6 that July and August are the peak periods of water inrush accidents,
followed by March, April and October. In the past
five months, there were 336 water inrush and water
seepage accidents, accounting for 53.9% of the total
accidents. This is basically consistent with the seasonal variation characteristics of rainfall distribution in China. China has a vast territory, and the
climate has seasonal characteristics and characteristics of intraseasonal oscillations [4]. Precipitation is
mainly concentrated in the summer half year
(March to August), with the most frequent precipitation in June, July and August, and the typhoon
landing in China is concentrated in July-September,
thus forming a stormy flood disaster in China from
July to September. The characteristics [5]. Atmospheric precipitation enters the aquifer through surface infiltration and affects the water-rich characteristics of the aquifer. Rainwater enters the well
through other channels such as fissures and pores.
In addition, there is also water accumulation in the
mine, which leads to flooding accidents in summer;
winter climate Dry, less rain, the probability of
water inrush and water seepage is relatively small.
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,4829?0;8,8.0:964.40<917480<1;97  =9  * +
Time
2003
2004
2005

Related policy
July 2
January 9
17-May
21-Feb
16-Jun
22-Aug

2007
2008
2012
2015

6-Sep
20-Apr
11-Dec
7-Jun
7-Jan
19-Mar

2016

25-Feb

26-May


Basic Conditions for Safe Production of Coal Mines"
Decision on Further Strengthening Work Safety Production
Measures for Implementation of Safety Production License for Coal Mine Enterprises
Notice on Conducting Major Inspections of Coal Mine Safety Production
Notice on Strictly Combating Illegal Production Activities in Coal Mines
Immediately rectification and closure of emergency notifications that do not have safe production
conditions and illegal coal mines
Special Provisions on Preventing Coal Mine Production Safety Accidents
Production Safety Accident Report and Investigation and Treatment Regulations
Safety Accident Report and Investigation and Treatment Regulations for Coal Mine Production
Coal Mine Safety Training Regulations
The People's Republic of China Safety Production Law
Catalogue of Safety Facilities for Metal Non-Metal Mine Construction Projects
Interim Provisions on the Supervision and Administration of Geological Exploration and Safety
Production of Metal and Non-Metallic Mineral Resources
Coal Mine Safety Regulations

It is shown that from 2000 to 2002, frequent
mine water inrush accidents occurred in China,
causing serious casualties. The state has realized the
harm caused by mine safety accidents. From 2003
to 2004, a series of laws and regulations were formulated, such as 2003. "Basic Conditions for Safe
Production of Coal Mines", "Decisions on Further
Strengthening Safety Production Work" and "Implementation Measures for Safety Production Licenses for Coal Mine Enterprises" in 2004, these
laws and regulations also played an important role
at that time, and were safe at the time. The number
of accidents and the number of deaths have played
a certain role in controlling. However, as the background of the government's efforts to strengthen
security control after 2003, as compared with the
trend of the number of accidents and the number of
deaths, mine accidents have not been effectively
curbed. Especially in the year when the rectification
of coal mine policies and measures was the strongest in 2005, the number of mine accidents increased, and the number of deaths peaked. It can be
seen that although a series of regulations and policies were promulgated at the time, they did not play
a corresponding role in actual implementation. The
management and normative effectiveness, many
measures only stay in documents, meetings [11], so
the water inrush, water seepage accidents not only
failed to be curbed, but the number of accident
deaths peaked. For example, before the water seepage accident occurred in the Xinyuan Coal Mine in
Wuhai City, Inner Mongolia Autonomous Region,
the local coal management and coal mine safety
production supervision departments issued the
production stop order three times to the mine, but in
fact the coal mine was suspended from the Spring
Festival and the road was shut down due to maintenance of the underground road. At other times, the
production stoppage was not observed and the relevant departments did not conduct supervision and
inspection. There are still many similar cases. Many
coal mines have been ordered by local inspection
agencies to stop production before the accident, but

it is up to the mine owner rather than the supervisory agency to actually stop production and rectify
according to the instructions. Therefore, although
the central government issued a number of laws and
regulations from 2003 to 2004 to rectify the occurrence of mine accidents, it did not achieve the expected results. The source of the case is to be explained and labeled.
After 2005, the government's management efforts have been continuously enhanced and the
legal and regulatory systems have been continuously improved. The number of sudden water accidents
and the number of deaths have generally declined,
and mine accidents have been well controlled. In
particular, the "Emergency Notice on Resolutely
Rectifying and Closing Non-Safe Production Conditions and Illegal Coal Mines" promulgated in
2005 has played an important role. Before 2005, the
number of small coal mines in the country was
nearly 20,000, and the output accounted for about
the total output. One-third of the accidents accounted for two-thirds of the deaths [12]. During the
second half of 2005 to the first half of 2008, smallscale illegal mining, illegal production, unsafe
conditions and unreasonable mines were closed.
Coal mines and other major accidents have been
effectively curbed, and the total number of accidents and deaths have also decreased significantly.
In recent years, with the gradual improvement of
relevant laws and regulations, the number of accidents and the number of deaths have steadily declined.
 %# 
According to the data of water inrush (permeable) accidents published by the State Administration of Work Safety from 2000 to 2017, this paper
statistically analyzes the trend of mine water inrush
(permeable) accidents and its influencing factors in
the past ten years. Concluded as follow:

6213

#"

  $     





  !




[8] Wang, Y. (2006) Consideration on the law
about the overhaul of China's minor coal mine.
China coal. 32, 29-30.
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(1) The mine water inrush and water seepage
accidents showed an upward trend during the period from 2000 to 2005. The overall trend showed a
downward trend from 2006 to 2017, indicating that
China has controlled the mine water inrush disaster
as a whole.
(2) Mine water inrush accidents occur mostly
in the rainy season, so the inspection of hidden
dangers of mine water damage accidents should be
intensified during the rainy season.
(3) Townships, private and illegal small coal
mines are the main types of enterprises that cause
mine water inrush accidents. Supervision and investigation should be strengthened.
(4) The containment of mine water inrush and
water seepage accidents is closely related to China's
mine related laws and regulations system and the
supervision of relevant departments. With the continuous strengthening of mine safety production
supervision in China, especially the rectification of
small coal mines and illegal coal mines, the mines
Security incidents have been greatly improved.
Improving the mine safety production prevention
and control institutions and improving the legal
regulations are the main ways to solve the problem
of mine water inrush.
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Cd in the soil is absorbed by plant roots and subsequently accumulates in roots, shoots, fruits, and
grains [6]. It significantly inhibits the growth traits
as well as photosynthetic parameters in many plant
species, including tomato. The major limiting factors
that affect photosynthesis and seedling growth under
Cd treatment include non-stomatal limitation, chlorophyll reduction, and photosystem II (PSII) damage
[4]. Cd toxicity promotes a significant reduction in
the photosynthetic rate of tomato plants [7], and reduced plant growth characteristics and increased
malondialdehyde (MDA) accumulation [8] have
been observed in plants exposed to Cd. MDA is one
of the final products of the peroxidation of unsaturated fatty acids in phospholipids and is associated
with cell membrane damage [9]. Hydrogen peroxide
(H2O2) is a type of reactive oxygen species (ROS),
that can cause oxidative injury to proteins, DNA, and
lipids [10]. Polyamines (PAs), phytohormones such
as aliphatic nitrogenous compounds containing two
or more amino acids, play important roles in plant
growth and environmental stress tolerance [11]. Examples of PAs found in plants are putrescine (Put),
spermine (Spm), and spermidine (Spd) [12]. Spd is a
PA with a polycationic nature that protects tissues
from ROS-induced peroxidation because it can bind
to the negatively charged domains of membranes
[13]. It not only acts as a stress signaling regulator
associated with stress tolerance phenomena but also
directly protects plants against stress [14]. Methionine (Met) is a sulfur-containing amino acid [15]
used at multiple levels in cellular metabolism: as a
protein constituent, in the initiation of mRNA translation, and as a regulatory molecule in the form of adenosylmethionine [16]. The adverse effects of Cd
stress have been shown to be mitigated by the application of sulfur, which enhances the production of
total soluble carbohydrates, photosynthetic pigments, and antioxidant enzymes [8].

Cadmium (Cd) is a harmful metal in the environment that readily enters the food chain when
taken up by plants, thus posing a serious threat to human health. In this study, we conducted pot trials to
investigate the effects of spermidine (Spd) and L-methionine (Met) on mitigation of Cd-induced toxicity
in tomato ($& !"$L. Mill.) by using
physiological traits and inter-simple sequence repeat
markers. The results showed that plants exposed to
Cd had reduced photosynthetic pigments (chlorophyll  and  and carotenoids). Furthermore, the
level of hydrogen peroxide (H2O2) was significantly
increased by Cd exposure, which in turn elevated
plant malondialdehyde and proline content and
caused genotoxicity (increased DNA damage and reduced RNA synthesis). However, the application of
Spd and Met was found to alleviate Cd toxicity in
tomato plants by reducing the content of H2O2 and
malondialdehyde, increasing the concentrations of
chlorophyll  and , carotenoids, and proline, and
decreasing genotoxicity. Therefore, application of
Spd and Met appears to enhance plant defense mechanisms against Cd toxicity and alleviates the negative effects of Cd stress in & !"$ through
modification of osmolytes.


%$ 
Cadmium toxicity, Tomato, Spermidine, L-Methionine,
Physiological trait, ISSR.

!"!
Globally, pollution caused by heavy metals has
become an environmental issue of considerable concern [1, 2]. Cadmium (Cd), a non-essential element,
is one of the most toxic heavy metals to plants [3-5].
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Tomato ($& !"$L.) within the
family Solanaceae has a relatively compact diploid
genome (2n = 2X = 24), which is approximately 950
Mb in size and is one of the most intensively characterized Solanaceae genomes [17]. Tomato is among
the most important widely grown vegetables and the
second most consumed vegetable after potato, with
a worldwide production of more than 170 million
tons and a cultivation area of more than 5 million ha.
Previous studies have examined the effects of Cd
toxicity on tomato with respect to the inhibition of
growth and decrease in photosynthetic activity [1822]. Different approaches are used to enhance the
growth and production of different crop plants, including tomato, and one promising approach is the
application of nutrient elements that lead to the upregulation of antioxidant enzymes, accumulation of
osmolytes, and uptake of mineral nutrients [21, 22].
In the present study, we investigated the effects of
Spd and Met on the mitigation of Cd-induced toxicity in tomato at both physiological and molecular
levels.

tively, using a SPEKOL®1500 UV/V spectrophotometer. Chl , Chl , and carotenoid contents were
calculated using the following equations:

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


741.3*43(*397&9.43Proline concentration
was determined following Bates et al. [26]. Fresh
leaf samples were homogenized in 3% sulfosalicylic
acid, followed by the addition of ninhydrin and glacial acetic acid (2 mL each). Thereafter, the samples
were heated to a temperature of 100 °C. The mixture
was then extracted with toluene, and the free toluene
was quantified at 520 nm. 

&143).&1)*->)*  439*39 The
MDA content of leaves was measured using the
method described by Heath and Packer [27]. Leaf
samples were weighed and homogenized in a solution containing 10% trichloroacetic acid (TCA) and
0.65% 2-thiobarbituric acid. Samples were heated to
95 °C for 60 min, then cooled to room temperature,
and centrifuged at 10,000 ×  for 10 min. The absorbance of the supernatant was read against a reagent blank at 532 and 600 nm.

>)74,*3 *74=.)*    439*39 H2O2
was measured using the method described by Velikova et al. [12]. Fresh leaf samples (0.2 g) were homogenized in 5 mL of 0.1% (w/v) TCA. The homogenate was centrifuged for 15 min at 12,000 rpm and
the supernatant was added to 10 mM potassium
phosphate (pH 7.0) buffer and 1 M potassium iodide.
The absorbance of the supernatant was recorded at
390 nm. The contents of H2O2 were determined by
comparison with a standard calibration curve constructed using known concentrations of H2O2.

! ! 

1&39 &9*7.&1 &3) !7*&92*398 The study
was conducted in growth chambers at the Department of Botany and Microbiology, King Saud University, Riyadh, Saudi Arabia. The growth chambers
were illuminated with fluorescent lamps at a light intensity of 325 mmol m-2 s-1. The photoperiod was 16
h light and 8 h dark and the air temperature was 20–
25 °C. Seeds of Rio-grande tomato were obtained
from a local market in Riyadh. A solution of approximately 1% sodium hypochlorite was used to sterilize the surface of healthy tomato seeds for 10 min,
after which they were vigorously rinsed with sterilized double-distilled water (ddH2O). The seeds
were sown (6 seeds/pot) in plastic pots (20 cm in diameter, 20 cm height) filled with sand and perlite.
The pots were irrigated with solutions (100 mL) containing various combinations of Cd, Spd, and Met
and supplied with Hogland and Arnon’s nutrient solution [23]. Seedlings were thinned after 2 weeks and
healthy plants of uniform size were maintained in
each pot. The treatments applied were listed in
Table 1.

!49&1  =97&(9.43 &3)( 7*5&7&
9.43Total RNA was extracted from fresh leaves using an RNA isolation kit (Qiazen Kit). The isolated
RNA was subsequently used to synthesize cDNA using a Quanti tech cDNA synthesis kit (Qiazen Kit),
which was stored at −20 °C prior to use. The cDNA
was used as a template in PCR along with inter-simple sequence repeat (ISSR) primers used for the detection of genotoxicity induced by Cd (Table 2).

-4948>39-*9.(.,2*39439*398Photosynthetic pigments were directly extracted from fresh
leaves by immersion in the solvent , -dimethyl
formamide (DMF). Five milliliters of DMF was
added to each leaf sample (0.1 g) and incubated overnight in a freezer at 4 °C. The chlorophyll (Chl) ,
Chl , and carotenoid contents of leaves were measured using the methods described by Moran and Porath [24] and Wellburn [25]. The absorbance of samples was measured at 664, 647, and 480 nm, respec-

9&9.89.(&1 3&1>8.8 Each pot was treated as
one replicate and each treatment was repeated three
times. The data were statistically analyzed using
SPSS-17 statistical software (SPSS Inc., Chicago,
IL, USA). Duncan’s multiple range test was used to
statistically compare means at the P < 0.05 level.
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1.
2.
3.
4.
5.
6.
7.
8.

! 
&251*(4)*&3)51&3997*&92*398

&251*(4)*
Control
Spd
Met
Spd + Met
Cd
Cd + Spd
Cd + Met
Cd + Spd + Met


.894+
S.N
1
2
3
4
5
6
7
8
9
10



!7*&92*398
ddH2O
0.3 mM Spd
0.3 mM Met
0.3 mM Spd + 0.3 mM Met
0.5 mM Cd
0.5 mM Cd + 0.3 mM Spd
0.5 mM Cd + 0.3 mM Met
0.5 mM Cd + 0.3 mM Spd + 0.3 mM Met

! 
57.2*78:8*).39-*89:)>

Primer sequence
5’-CACACACACACAGG-3’
5’-CTCTCTCTCTCTCTCTAC-3’
5’-CTCTCTCTCTCTCTCTTG-3’
5’-CACACACACACAAC-3’
5’-CTCTCTCTCTCTCTCTGC-3’
5’-CACACACACACAAG-3’
5’-CACACACACACAGT-3’
5’-GAGAGAGAGAGAGG-3’
5’-GTGTGTGTGTGTGG-3’
5’-GAGAGAGAGAGACC-3’

Number of nucleotide
14
18
18
14
18
14
14
14
14
14

! 
++*(94+ 5*72.).3*&3)2*9-.43.3*43-14745->11-14745->11&3)&749*34.)8(439*398.3
!42&948**)1.3,8:3)*7&)2.:2897*88
Treatments
Control
Spd
Met
Spd + Met
Cd
Cd + Spd
Cd + Met
Cd + Spd + Met

Chl  µg ml-1
25.31 ± 0.17d
27.02 ± 0.14b
26.13 ± 0.14c
27.75 ± 0.13a
16.22 ± 0.10h
22.49 ± 0.15f
18.45 ± 0.11g
23.54 ± 0.15e

Chl  µg ml-1
11.05 ± 0.31d
14.65 ± 0.26b
16.20 ± 0.25a
16.92 ± 0.23a
8.48 ± 0.19f
10.12 ± 0.27e
9.05 ± 0.20f
13.58 ± 0.28c
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++*(98 4+ 5)&3)*9 43 1&39-4948>3
9-*9.( .,2*398 In many plant species, including
!#$"#%$ [28, 29], pea [30], #%$!"
[31], mungbean (!#) [32], "$"%$
!" [33] and tomato [19, 22], Cd ions are known to
affect the function and structure of chloroplasts,
thereby inhibiting photosynthesis and in turn causing
a significant reduction in growth, as indicated by
changes in biomass accumulation, chlorophyll pigments, gas exchange parameters, and chlorophyll
fluorescence after Cd exposure. Photosynthetic pigments, which are of importance in maintaining plant
growth, comprise Chl , Chl , and carotenoids. In
the present study, we found that the Chl , Chl  and
carotenoid contents of tomato seedlings were significantly inhibited by treatment with 0.5 mM CdCl2.
Significant changes in the photosynthetic pigments
of tomato plants subjected to Spd and/or Met under
normal (non-stress) conditions and Cd stress are

Carotenoids µg ml-1
4.15 ± 0.011d
4.77 ± 0.009b
4.88 ± 0.009a
4.34 ± 0.008c
3.27 ± 0.007g
3.88 ± 0.010e
3.68 ± 0.007f
4.15 ± 0.010d

shown in Table 3. These results revealed that, compared with the control under normal conditions, the
application of both Spd and Met alone and in combination significantly increased the contents of Chl 
and Chl . Moreover, under normal conditions, the
combined application of Spd and Met produced
maximum values for both Chl  and Chl  when
compared with the individual application of these
compounds (Table 3). In contrast, compared with
other treatments, the application of Met alone produced the maximum value for carotenoids.
Metal ions can inhibit the activities of various
photosynthetic enzymes as well as chlorophyll biosynthesis. Metals interfere with photosynthetic electron transport processes and also damage the chloroplast membrane system [34]. In the present study, Cd
significantly reduced the quantity of photosynthetic
pigments in tomato leaves. This result is consistent
with the findings of Liu et al. [4], who reported that
Cd significantly inhibited growth traits as well as
photosynthetic parameters in cotton seedlings. They
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acid that plays a very important role in plants exposed to various stress conditions. In addition to acting as an excellent osmolyte, proline plays three major roles during stress, namely, as a metal chelator, a
signaling molecule, and an antioxidative defense
molecule [37]. As shown in Table 4, it is evident that
although under non-stress conditions Met treatment
alone was more conducive to proline synthesis than
Spd treatment alone, proline content was higher in
plants treated with the combined application of Spd
and Met. Under stress conditions, application of Met
was also associated with higher proline content than
that obtained with Spd applied alone. The highest
quantity of proline was found in stressed plants.
When subjected to treatment with a combination of
Spd and Met, the quantity of proline was further enhanced. [35] have previously demonstrated that
treatment with Cd metal enhanced the proline content in the leaf tissues of $ plants. A significant increase in proline was also observed in the nodules and roots of soybean plants under Cd stress [38].
Also in Cd-stressed soybean, [39] demonstrated that
there was a reduction in the fresh and dry weights of
shoots and roots, whereas soluble carbohydrate and
proline contents and lipid peroxidation increased
significantly in leaves compared with the controls.
Metal tolerance after the application of PAs is assumed to be associated with an enhancement of antioxidation reactions [40]. Ding et al. [41] found that
exogenous application of Spd enhanced the activities
of polyamine oxidase, arginine decarboxylase, and
ornithine decarboxylase, and significantly increased
the proline content in water hyacinth leaves under
heavy metal (mercury) stress. Similarly, Yang et al.
[42] reported that Cd stress increased the proline
content of ##$"and that the content of proline was further increased after spraying
plant with Spd. Dissolution of the inner wall of cortical cells and distortion of xylem lumens were maximal at the highest Cd concentration (200 μM), compared with the control (0 μ M). The damage associated with a reduction in Cd absorption in !"
$# was found to be significantly mitigated by
treatment with Spd, whereas Spd enhanced proline
accumulation by modulation of the enzymatic activities involved in its biosynthesis [46]. 

reported that non-stomatal limitation, chlorophyll reduction, and PSII damage act as the main limiting
factors for cotton seedling growth and photosynthesis under conditions of Cd stress. Cd toxicity has previously been shown to cause a notable reduction in
photosynthetic rate in tomato plants [7]. However, in
the present study, we demonstrated that subsequent
treatment of Cd-stressed plants with both Spd and
Met alone or in combination alleviated the adverse
effects of Cd on tomato and promoted a considerable
increase in the contents of photosynthetic pigments.
These effects were most marked following the combined application of Spd and Met. Our results in this
regard are consistent with those of [22], who reported that the application of selenium mitigated the
adverse effects of Cd and promoted the growth, chlorophyll and carotenoid contents, leaf relative water
content, and other physiological attributes of tomato
plants, with significant amelioration of Cd-triggered
growth inhibition.
Cd metal has been shown to cause a reduction
in chlorophyll content in the leaf tissues of !""
$ plants, and the enhancement of chlorophyll
content in plants by Put and the contents of Chl  and
Chl  by Spd together constitute evidence of the efficacy of these compounds in mitigating the Cd-induced loss of pigments [35]. The nutritional benefits
of Met and cysteine have motivated intensive studies
on their roles in plant molecular physiology, particularly with regards to their transport, synthesis, and
accumulation in plants. Met metabolism is regulated
in a different manner in various plant species [15].
However, the chlorophyll and carotenoid contents
were also enhanced slightly under the combined effect of Cd, Met, and Spd. Furthermore, the exogenous application of Spd in tomato plants has been
shown to alleviate growth inhibition and the
thylakoid membrane photo-damage caused by salinity–alkalinity stress [36].

++*(98 4+ 5) &3)*9 43 741.3* 439*39
.3 !42&94 *&;*8 "3)*7 ) 97*88 As constituents of proteins, amino acids play an important role
in plant metabolism and development. A large body
of data indicates a positive correlation between plant
stress and proline accumulation. Proline is an amino


! 
++*(94+ 5*72.).3*&3)2*9-.43.3*43741.3*&3)  439*398.3!42&948**)1.3,8:3)*7
&)2.:2897*88
Treatment
Control
Spd
Met
Spd + Met
Cd
Cd + Spd
Cd + Met
Cd + Spd + Met

Proline Content
(µmole g FW)
0.90 ± 0.08e
1.14 ± 0.08de
1.30 ± 0.11cd
1.44 ± 0.09bcd
1.52 ± 0.03bcd
1.5 4 ± 0.24bc
1.78 ± 0.11ab
1.94 ± 0.03a

MDA Content
(nmol g FW)
23.10 ± 0.13c
17.94 ± 0.90de
22.45 ± 2.58cd
17.29 ± 1.29e
34.19 ± 2.71a
26.06 ± 0.26c
31.87 ± 0.39ab
27.23 ± 0.13bc
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HO Content
(μmol g leaf FW)
25.94 ± 1.79b
24.78 ± 0.84b
25.20 ± 0.84b
24.47 ± 1.37b
33.71 ± 0.11a
31.50 ± 1.05a
32.55 ± 1.47a
32.03 ± 0.73a
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++*(98 4+ 5) &3) *9 43 1&39 =.)&9.;*
&2&,* It has previously been shown that by determining the contents of MDA and H2O2, it is possible to quantify plant oxidative damage [43]. MDA
is a cytotoxic decomposition product of polyunsaturated fatty acids, the accumulation of which is induced by heavy metals in plants and is typically used
as a biochemical marker of membrane lipid peroxidation [44]. In the present study, compared with
other treatments, those plants subjected to Cd
showed increased MDA content. In contrast, the
combined application of Spd and Met significantly
reduced MDA content in the leaves of tomato under
both Cd stress and non-stress conditions (Table 2).
Moreover, in the Cd stress treatments, we also observed that application of Spd alone reduced MDA
content to a greater extent than application of Met
alone. [43, 45] have reported that an increase in
MDA content induces lipid peroxidation resulting in
membrane damage. It has been revealed that the application of Spd can alleviate the membrane lipid peroxidation caused by Cd, and it is also postulated that
Spd interacts with negatively charged components of
the membranes, thereby regulating membrane permeability and resulting in enhanced membrane integrity and stability. This could be responsible for
the observed reduction in MDA level [43]. Our results are consistent with the findings of other studies
that have indicated that Cd increases plant MDA
concentrations. The development of oxidative stress
in plants is essentially related to the accumulation of
Cd in tissues, which could lead to mechanical injury.
Treatments with Spd have previously been shown to
significantly lower Cd absorption and mitigate such
damage [46]. Met is a sulfur-containing amino acid
[15], and the application of sulfur has been demonstrated to reduce the MDA content and enhance antioxidant enzyme activities in "#%$under Cd
stress [8]. Moreover, Alyemeni et al. [22] found that
Cd treatment leads to an increase in lipid peroxidation and electrolyte leakage in tomato, and that selenium-treated plants exhibited a considerable reduction in these events, owing to a decreased production
of H2O2. In the present study, we found that H2O2
and MDA in tomato plants responded in a similar
manner to Cd stress (Table 4), with an increase in
these oxidative stress indicators under Cd stress
leading to an inhibition of growth. Similarly, increased oxidative stress has been shown to induce
higher membrane disintegration in pea than in pigeon pea [47]. Talukdar [48] indicated that there is a
correlation between an increase in H2O2 content and
the level of membrane lipid peroxidation in plants.
Table 2 shows that the concentration of H2O2 in tomatoes exposed to Cd was significantly higher compared with that of the control plants, which indicates
that treatment with 0.5 mM CdCl2 induced oxidative
stress in tomatoes. Increased MDA and H2O2 production in Cd-stressed tomato has similarly been reported by Hashem et al. [49].

Application of Spd and Met to tomato under
conditions of Cd stress reduced the H2O2 content in
leaves (Table 4), and this probably explains the protective role of the combined Spd and Met treatment
against oxidative stress induced by Cd. However, the
effects of Spd and Met on H2O2 content were not significant in other treatments, either under Cd stress or
normal conditions. Bors et al. [50] have reported that
Spd can protect plants against oxidative stress by acting directly as a free radical scavenger. Spd has
shown the potential to directly scavenge free radicals
and to alleviate growth inhibition as well as promote
the activity and expression of antioxidant system enzymes in cucumber seedlings under short-term salt
stress [51]. Mandal et al. [52] have shown that the
generation and accumulation of H2O2, as well as the
modulation of enzymatic activities, are reduced by
the application of PAs, whereas Aoun et al. [35] have
suggested that Put and Spd can efficiently protect 
$ plants against Cd-induced oxidative damage,
probably via a strong reduction in H2O2 generation
and pigment protection. PAs like Spd, Spm, and cadaverine have also been shown to act as alleviators
of oxidative stress in other plant species, including
!&'"#%, "#%$, ! ""#, and
#!  [53]. Furthermore, Alyemeni et
al. [22] have reported that supplementation of Cdtreated tomato plants with selenium enhanced the activity of superoxide dismutase, catalase, ascorbate
peroxidase, glutathione reductase, proline, glycine,
and betaine, and also significantly reduced Cd uptake.

*3494=.(++*(984+)*9*(9*)"8.3,4
1*(:1&7&70*78In the present study, we used various treatments to produce different gene transcripts.
Approximately 10 ISSR primers were used to assess
the genotoxic effect of Cd in the treated samples
compared with the control samples. Among these
primers, five yielded faint and non-reproducible
bands, whereas the remaining primers amplified 42
strong and reproducible bands, indicating clear genotoxic effects induced by Cd and a dose-dependent
decrease in genome template stability. ISSR markers
are multi-locus profiling markers and their application combines an easy and fast protocol with high reliability due to long primer lengths and high stringency reactions. These properties facilitate a high
level of genomic coverage and the amplification of
hyper-variable non-coding regions [54]. This in turn
minimizes the misinterpretation of results caused by
DNA contamination during experimentation and
handling of plant material [55]. Using these markers,
we discovered that the gene expression profile was
changed under different treatments. Different transcripts were produced, with some being unique compared with those amplified in the control treatment.
As shown in Figure 1, a unique gene transcript of
size 300 bp was expressed in the ISSR profile under
the treatments Spd + Met (lane 4), Cd (lane 5), Cd +
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or reduce (bypass event) polymerization of DNA in
the PCR reaction. have reported that gradual genomic instability in !# $! L. was correlated with Cd concentrations, and that RAPD profiles included normal band losses and the emergence
of new bands. Moreover, DNA alterations occurring
in parent plants due to Cd pollution have been found
to be transmitted to the offspring. In !$%$
! L. and !&' "#% L., it has been demonstrated that in Cd-treated root tips, RAPD profile
variation includes altered band intensity, loss of normal bands, and appearance of new bands compared
with the profiles of normal seedlings [4]. Moreover,
these effects were found to be dose-dependent, indicating that RAPD analysis could be used as a tool for
environmental toxicology detection and as a useful
biomarker assay for detection of the genotoxic effects of Cd pollution in plants. Similarly, using ISSR
markers, Słomka et al. [58] recorded higher genetic
polymorphism and gene diversity in  #!!
from sites polluted with heavy metals (Zn, Pb, Cd;
waste heaps) than in control populations, and the
number of private markers detected within populations grown in contaminated soil was found to be
more than double that within control populations.








Spd (lane 6), Cd + Met (lane 7), and Cd + Spd + Met
(lane 8), whereas it was absent in control plants.
Similarly, a transcript of size 250 bp was expressed
under Cd stress (lane 5), Cd + Spd (lane 6), Cd + Met
(lane 7), and Cd + Spd + Met (lane 8) (Figure 1). The
unique loci were produced concomitantly with an elevation in proline, MDA, and H2O2 contents (because Cd causes genotoxicity) under the combined
stress of Cd, Met, and Spd. There was, however, no
ameliorative effect at low concentrations of Met and
Spd.
In the present study, the genotoxic effects of Cd
on tomato were examined using the ISSR technique.
Studying DNA damage caused by toxic chemicals is
an important issue in terms of genotoxicology. Various studies have used different plant species in assessing damage attributable to the bioaccumulation
of heavy metals and their negative impact on the environment. These have shown that the genotoxicity
of Cd is directly related to its effect on the structure
and function of DNA, which may be determined using different approaches. DNA polymorphism is
generated mainly from the appearance of new bands
or disappearance of existing bands in response to increasing concentrations of heavy metals. Korpe and
Aras [56] demonstrated that changes in RAPD profiles after exposing $L. seedlings
to various concentrations of copper were associated
with changes in oligonucleotide priming-sites and/or
interactions of DNA polymerase with damaged
DNA, which is consistent with the findings of Nelson et al. [57], who showed that these events block
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Cadmium stress increased the proline, MDA,
and H2O2 contents of tomato plants, and additionally
reduced photosynthetic pigment contents and gene
expressions. However, the results presented here
clearly show that the application of Spd and/or Met
can lead to a decrease in elevated MDA and H2O2
contents, and to an increase in the contents of photosynthetic pigments and proline. These responses
may underlie the observed mitigation of the adverse
impacts of CdCl2 stress and promote gene expression
by increasing RNA synthesis, thereby enhancing tomato plant metabolism and consequently improving
performance under both stress and non-stress conditions. Furthermore, the results obtained from this
study revealed that ISSR profiles can be applied to
detect genotoxicity, and that these analyses can represent useful biomarker assays for the evaluation of
genotoxic effects in Cd-contaminated plants.
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Date palm is a member of the family 
(   ), inhabiting tropical and sub-tropical
habitat. It consist of woody perennial monocots
comprising about 200 genera and 2500 species [ 1].
Date palm is native to almost all the Middle east
countries concentrating in Arabic Penunsela and
economically the most conspicuous commercial
crops with average number of trees estimated >62.0
million [2, 1]. With the consumption of the new
millennium and what was accompanied by a new
technology and with growing concern over population growth and environmental threats, the world is
beginning to be aware of the state of plant genetic
resources, especially in relation to food, pastures
and forests, and the need for immediate and urgent
regulatory and awareness action. With the awareness of the plant kingdom (as it represents the life
support system), the number of people who wonder
about threats to plant sources and the consequent
decline in plant sources and what to do to protect
plant habitats and how individuals, association
members and decision-making organizations contribute in plant conservation.
The Arab homeland possesses many plant and
plant genotypes, as well as wild herbs that have a
global medical importance. Therefore, these assets
must be protected and registered and preserved
from extinction or looting by other organizations.
The industrial countries and some international
organizations have legitimately and illegally collected these resources from poor countries and
saved them for future exploitation [2, 3, 4, 5, 6].
Preservation in the natural place In-situ Conservation. This method is intended to conserve species
and species along with their wild origins and show
the genetic variations of the crosses between the
modern breeds and the natural plant assets in the
region. In this type of conservation methods, some
breeds may be lost due to the environmental conditions in addition to the high cost of maintaining
these breeds in the ground and to serve them. It is

The method of cryopreservation was described
as very simple with the potential application of a
wide range of date palms. The undifferentiated
tissue cultures have been successfully frozen by
later freezing methods of renewed seedlings. Shoot
tips of date palm were cultured on M S-medium
containing 10 mg / l 2,4-D + 3mg / l 2iP. The embryogenic callus of about 65% of the water content
caused by 20 minutes of air drying period recorded
the highest percentage of survival and in vitro conversion to plants. Among the different types of
sugars (sucrose) used as pretreatment agents in the
pre-plant average, sucrose was the best for the persistence of cryogenic palm tree cultures. The highest survival rate (80%) and switch to plants (70%)
were observed with 1 M sucrose. Cryopreservation
of date palm embryogenic callus via encapsulation
is a newly methods we trying to introduce to our lab
and spread for others also. The encapsulation is a
simple process that can be done inserting the propagule singly into an alginate drop and then falling it
into a complexing solution (20-35 min) to form
calcium alginate capsules that are approximately 5
mm in diameter. The presence of nutritive elements
into the capsule (artificial endosperm) has a function similar to endosperm of zygotic seeds. RAPD
was extensively used to study the genetic stability
of cryogenic tissue cultures from date palm. According to RAPD analysis, the seedlings derived
from cryopreserved cultures were similar to those
derived from untreated cultures, both of which were
similar to the cultivated plants in the field.
*)!$%
Embryogenesis, Khalas, Date palm, cryopreservation,
vitrification, RAPD analysis.
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overloaded [12, 13, 14, 15, 16, 17, 18, 19] .

considered one of the best strategies in place for the
enactment of administrative laws and regulations,
including the identification of the target area in
which species are to be preserved [7, 8] .
The technology of the synthetic seed
introduces some peculiarities that can bring
remarkable advantages in the propagation of the
plants, but, at the moment, there are also some
problems that constitute the limit for the practical
application, demanding the search of effective
solutions which we try to do in this study her in
KSA with the date palm. Long term conservation of
clonal crops remains costly as it generally involves
maintaining collections either in field- and/or in in
vitro- genebank. Plant tissues cryopreservation i.e.
conservation at very low temperature can
drastically reduce clonal conservation cost. The
Arab homeland possesses many plant and plant
genotypes, as well as wild herbs that have a global
medical importance. Therefore, these assets must be
protected and registered and preserved from
extinction or looting by other organizations. The
industrial countries and some international
organizations have legitimately and illegally
collected these resources from poor countries and
saved them for future exploitation [2, 3, 4, 5, 6, 8,
9]. Preservation in the natural place In-situ
Conservation. This method is intended to conserve
species and species along with their wild origins
and show the genetic variations of the crosses
between the modern breeds and the natural plant
assets in the region. In this type of conservation
methods, some breeds may be lost due to the
environmental conditions in addition to the high
cost of maintaining these breeds In the ground and
to serve them. It is considered one of the best
strategies in place for the enactment of
administrative laws and regulations, including the
identification of the target area in which species are
to be preserved[ 7] . In the Arab countries, the
average number of date palm was estimated at
62,000,000 trees. The technology of the synthetic
seed introduces some peculiarities that can bring
remarkable advantages in the propagation of the
plants, but, at the moment, there are also some
problems that constitute the limit for the practical
application, demanding the search of effective
solutions which we try to do in this study her in
KSA with the date palm. Long term conservation of
clonal crops remains costly as it generally involves
maintaining collections either in field- and/or in in
vitro- genebank. Plant tissues cryopreservation i.e.
conservation at very low temperature can
drastically reduce clonal conservation cost. The
present study was explore the possibility of
cryopreserving date palm. This external
crystallization enhances the flow of water from
cytoplasm and vesicles into outer space, which
eventually freezes [10, 11]. When the outer solution
becomes more concentrated and thus the cell is
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"6+8> 7+>/<3+6 The study was conducted on
plant of date palm cultivars Khalass, Berhi and
Sukary.

"</:+<+>39890:6+8>7+>/<3+6Leaves of the
mentioned date palm cultivar offshoots was carefully remove to expose the terminal shoot tip. The
shoot tip was immediately be put into antioxidant
solution containing 150g/l ascorbic acid, 100g/l and
citric acid. The shoot tip was sterilize twice by
placing it into Benlate fungicide for 20 min., clean
several times with sterile water then transferee to a
solution containing 20% chlorox with few drops of
Tween for 20 minutes. Shoot tip tissues was then be
wash three times with sterile water and kept in a
sterile solution containing 150g/l ascorbic acid and
100g/l citric acid until explants are excise under
sterilize conditions. Terminal and lateral buds was
remove from the shoot tip tissue, section and place
on culture medium.

?6>?</ 7/.3+ +8. 7?6>3:63-+>398 =>+1/=
The explants were subsequently transferred to MSmedia for culture initiation (100 mg/L 2,4-D and
2iP 3 mg/L), culture swelling (10 mg/L NAA and 6
mg/L 2iP) and formation of embryogenic calli (10
mg/L NAA and 30 mg/L 2iP) for 9, 16 and 3
weeks, respectively. All the incubations were
carried out at 25±2°C in a 16h photoperiod
provided from cool white florescent lamps

B:/<37/8>+6 ></+>7/8>= +8. ./=318 The
resultant cultures were placed onto agar-solidfied
phytohormone-free MS medium containing 0.7 M
each of DMSO and sucrose. The calli were washed
with liquid MS medium and were then transferred
to hormone free medium supplemented with 30 g/L
sucrose for the production of embryos and plantlets.
Data was recorded for total number of somatic
embryos, total number of germinating embryos and
fresh and dry weights of the cultures after 16 weeks
of culturing.

<//D381 "<9-/.?</= +8. $/-9@/<C The
methods employ vary according to the storage duration request according to [2, 3, 4, 7, 20, 21] .

<//D381 The methods employ vary according to the storage duration request according to [5,
7, 21] .

&2+A381 The methods employ vary according to the storage duration request according to
[21].
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$/-9@/<C The methods employ vary according to the storage duration request according to [7,
21].

8 @3><9 -98=/<@+>398 90 .+>/ :+67
1/<7:6+=7 The methods employ vary according
to the storage duration request according to [5, 7,
21] .

& 
"<37/<==/;?/8-/=?=/.38>23==>?.C
"<37/<
Moh1
Moh 2
Moh 3
Moh 4
Moh 5
Moh 6
Moh 7
Moh 8
Moh 9
Moh 10
Moh 11
Moh 12
Moh 13
Moh 14
Moh 15
Moh 16
Moh 17

%/;?/8-/G G
5’TGGCGACCTG3’
5’GAGGCGTCGC3’
5’CCCTACCGAC3’
5’TCGTTCCGC3’
5’CACCTTTCCC3’
5’GAGGGAGAG3’
5’GTTCCGCTCC3’
5’ GTGAGGCGTC 3’
5’ GGACCCAACC 3’
5’ TTGGCACGGG 3’
5’ CTCAGTCGCA 3’
5’ GGTGCGGGAA 3’
5’ GGTGACTGTG 3’
5’GCTAAATCATAC3’
5’ GTTTCGCTCC 3’
5’ GTAGACCCGT 3’
5’ AAGAGCCCGT 3’

with 30 g.l-1 Sucrcose, 8 g.l-1 agar, 1 g.l-1 activated charcoal, and adjusted to pH 6.2 (S medium).
Embryogenic callus segments was mix with
sterilized syseeds media, suck up into a modified 10
ml pipette, and then dropped into sterilized 14.7 g.l1 CaCl2.H2O solution. Synseeds was let there from
3 – 5 minutes for hardening, then picked out, wash
with sterilized distilled water, and ready to be culture on various media. This process was by follow
the method of [23] .
$""$ +8+6C=3= The methods employ
vary according to the storage duration request according to [7] . The methods employ vary according to the storage duration request according to [21,
22, 6, 24] .

&7E
%/-

"<37/< %/;?/8-/ G G 6/-><9:29</=3=
The methods employ vary according to the storage
duration request according to [7] .
36E


%C8>2/>3-=//.=C8=//.=-?6>?</7/.3++8.
-+<<C =?,=><+>/= The methods employ vary according to the storage duration request according
to[ 3,4,5,7 and 22] . Quarter-strength MS medium
without CaCl2.H2O, was supplemented with 30 g.l1 sodiumalginate, and adjusted to pH 6.0 was used
as coating material (date palm synseeds medium).
Afterwards, synseeds was culture in Erlenmeyer
flasks contained 1/4 MS medium supplemented


$%'&% %'%%! 
This study was carried out at the Plant Biotechnology Department, King Faisal University, AlHofuf, Al-Ahsa, KSA from 2014 to 2018 to evaluate an in vitro selection technique for cryopreservation of date palm cultivars Barhy and Sukkary cultured on MS medium after 16 weeks for four subcultures.
Plant tissue culture is now widely accepted as
an easier and safer method of producing real-type
plants in palm trees. The differential behavior of
varieties to feeding methods, hormones, and cultural conditions has made an interesting article for
research.



'$ 
"</:+<+>39890+>/:+67>3==?/-?6>?</7+>/<3+6=97+>3-/7,<C9=299>>3:=9>2/</B:6+8>>3==?/
0<97900=299>2+6+==/<23+8.%?5+<C-?6>3@+<
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=>+,63=27/8> 90 +>/ :+67 >3==?/ -?6>?</
=>+<>381 0<97 >2/ 900=299>= ,9>>97 90 C9?81
6/+@/= =90> >3==?/= =299> >3:= 9< +B366+<C ,?.=
/>29. 90 :<9.?->398 90 7,<C91/8/=3= The
embryonic embryos are obtained from the formation of embryonic callus, which is a continuous
source of embryos, and can be replicated by replicating it for the purpose of forming embryonic
nodes, which later develop into vegetative embryos.
In short, this technique relies on the use of a
food environment with high concentrations of oxinate to help form callus tissue, which can be multiplied by transport and agriculture in the media to
help the rapid reproduction of its constituent cells.
After propagation, the nutrient environment is altered to obtain fetal callus, which in turn produces
vegetative embryos that develop to give complete
plants after transfer to an environment suitable for
rooting.
This method is characterized by its abundant
production of plants in a short period, but it is possible that it may produce plants that are not identical or incompatible with the mother plant because
of the passage of the callus, which usually if used
for a long time is sometimes presented to the occurrence of genetic mutations, as happened in many
plants , Including palm oil, banana, strawberry and
other plants.
Usually the formation of embryonic embryos
passes several different stages, and each stage of its
requirements of the environment and hormones and
lighting is shown in Figure (2).

The rate of growth and rate of embryo germination remained normal after cryopreservation.[7,
25] reported that freezing cultured of date palm at 250 ° C for 4 months did not affect the ability of
physical fetal development. Our study reach the
optimal conditions and concentrations of the main
components of the appropriate cryopotectin solution for cryopreservation to suspend the tissue culture of date palm. The effects of non-glowing catalysts, sucrose and breakthrough cryoprotectants,
DMSO were determined on date palm cell cultured
growth and has the ability for redifferentiation. The
highest regenerated tissue, calli weight and number
of embryos were associated with a pre-prepared
tissue at 0.70 m sucrose and then kept in cryoprotectant solutions supplemented with 0.70 M sucrose
added to 10% DMSO. These cryoprotectants, which
are most suitable for heat storage, are therefore
considered as suspension of date palm cells. The
gain of knowledge from this study would benefit
for all researcher aimed at establishing of   
germplasm banks for date palm to preserve and
studies the genetic diversity of palm tissues.

+>/ :+67 90 :6+8> -<C9:</=/<@+>398 7
:+->+8.+::63-+>398=90-<C9:</=/<@+>398genebanks, establishment of cryo-bank and dissemination of results Preparation of Date palm somatic
embryo, shoot tips, other explant tissue), Khalass,
Berhi and Sukary cultivar in liquid N2.
Recycled cells were reappeared in culture jar
during all weeks after subculture regardless of
preservation components. The methods employ
vary according to the storage duration request according to [7, 21. When combinations of sucrose
and DMSO solutions were used as protective
agents, the growth rate of the affected colonies was
significantly affected by both sucrose and DMSO
concentrations, as demonstrated by a significant
two-way interaction detected by the variance analysis (Table 1).
In general, by adding the concentrations of sucrose, the number of cultured tissues increased in
response to DMSO that present in high concentrations. In comparison, when we used sucrose as
protective agents, the number of re-growth of the
resulting cultured tissue was also significantly affected by sucrose concentrations as shown (Table 1
and 2). Melting of the palm A cultured marrow was
formed in the lower rates when the protoplaut that
contained 0.1 μg of sucrose regardless of the level
of sucrose. Using another concentration of sucrose
such as 1.5 m, the same growth limit was observed.
On the other hand, a significant difference was
observed in the number of cultured palms of cultured tissue in response to changes in the level of
DMSO when sucrose that used in 0.5 and 1.5 m and
to some extent at 0.25 m. The highest cultured palm
of tissue such as embryo formation, in 12 to 18
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MS-medium
Nodular culture Culture fresh
Differentiated
NO.
supplemented with:
Frequency (%)
weight (g)
Cultures (%)
1
1 mg/l NAA
20
0.68
_
2
2 mg/l NAA
30
0.89
14
3
5 mg/l 2,4-D
50
1.10
19
4
10 mg/l 2,4-D
60
1.30
23
5
1mg/l NAA+3 mg/l 2iP
25
0.99
_
6
2mg/l NAA+3 mg/l 2iP
35
1.08
17
7
5 mg/l2,4-D+3 mg/l 2iP
70
1.30
52
8
10 mg/l2,4-D+3 mg/l 2iP
80
1.37
51
removal process to occur, and recovery is likely to
occur after the end of the disease[27] .Based on the
DSC and microscopic studies[28, 29 and 19]., temperature rise was reported to be much more damaging than rapid warming, especially in the case of a
slow freezing system, where degrees The final heat
of the freeze is about 30 ° C to -40 ° C before immersion in liquid nitrogen [6, 27].
When DMSO was used as an adjuvant, we
found that the amount of calli and embryo culture
of date palm in terms of fresh weight of calcium
was significantly affected by concentrations of both
sucrose and DMSO (Table 2). The amount of calli
spread from regenerating the resulting tissues like
embryo is an excellent indicator of the state of date
palm frozen cells, because it reveals the ability for
divide and elongate of date palm cells tissue. Crystalline-induced palm tissue sample and cell that
formed regenerating tissues after thawing, developed calli differed in weight depending on protoplactant treatments.

colonies, were retrieved from a previous cell of 0.5,
0.70, 1.0, 1.25 or 1. 5 m sucrose treatment, and then
refrigerated in a cold-resistant protein solution
containing 1.0 and 0.70 m sucrose. Consequently,
DMSO appears to be more suitable than sucrose for
cryopreservation to suspend the cultivation of date
palm cells in relation to cultured embryos from date
palm formation.
Two known palm tree species in Saudi Arabia
were exposed for accurate propagation in media
studies using Murashige and Skoog [26]. media
modified with 2,4 D, NAA, 2iP and Kinetin. The
induction of callus in Sukary was 40% whereas in
Barhy it was 50%. The regeneration and production
of plants rooted more than 70% of the embryos
produced in Sukkary were 80% while in Barhy it
was 60%. To avoid instability in non-crystalline
solids produced; melting must be performed quickly by placing the cryovials in a water bath at + 40 °
C for a few minutes. If warming is carried out
quickly, there is not enough time for the nitrogen
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NO.
1
2
3
4
5
6

MS-medium
supplemented with :
none
2
5
10
15
20

Nodular culture
Frequency (%)
10
40
44
50
47
45

Culture fresh
weight (g)
0.88
0.99
1.05
1.40
1.19
1.28

Differentiated
Cultures (%)
_
13
18
21
24
19

& 
&2//00/->=90=?-<9=/+>.300/</8>-98-/8><+>398=90     +8. 738+..3>398
>9:</-?6>?</.+>/:+67:</-?6>?</+> E
Sugar
none
Sucrose
Sucrose
Sucrose
Sucrose
Sucrose

Conc. (M)
0.5
0.70
1.0
1.25
1.5

Water content (%)
92.23
70.40
69.30
66.40
67.20
60.10

Survival (%)
12
60
66
72
69
70

Conversion (%)
56
55
60
62
61

&
00/->90/B:9=?</B:98>2/16+D381=96?>39838.300/</8>7/.3+=?-2+= +8. E>9=?<@3@/
+8.><+8=09<7>2/-996/..+>/:+67
Exp. time (min)
none
30
60
90
120
150

Survival (%)
Exp.at 28 ˚C
Exp. at 0 ˚C
10
25
55
60
60
74
75
80
65
78
50
75

In all sucrose concentrations tested, calcium
weight was generally increased with increased
levels of DMSO. The highest weight of 0.12 g was
obtained from the pre-treated cell with 0.70 m sucrose and then frozen in a cold-resistant solution
containing 0.70 m sucrose with 5% DMSO. Therefore, this is the ideal solution for freezing of date
palm in lab-treated tissue or cells. Bekheet et al.,
they reported that the role of sucrose was studied in
cryopreservation of the ideological cultures in the
field of the laboratory. They observed that the addition of sucrose separately to a vegetarian medium in
1 m gave the highest date palm survival rate (70%).
Each of these stages has special requirements that
vary from stage to stage in order to obtain a high
response to the implanted tissue [7] .

$" 7+<5/<= 09< +>/ "+67 1/89>C:/=
$+:. +8+6C=3= RAPD amplification is performed
in conditions similar to those of sequential polymerase interaction using genomic DNA forming
species of interest, and a single short oligonucleotide primule (usually 10-mers). The majority of the
genome contains sufficient or insufficient binding
sites to shorten the arbitrary sequence, with a subset
of which lies in the opposite direction of each other
within a distance of up to a few thousand base pairs

Conversion (%)
Exp. at 28 ˚C
Exp. at 0 ˚C
15
10
45
40
56
55
70
57
66
50
65
48

(bp). As a result, the number of ranges with each
arbitrary sequence is inflated by the action of DNA
polymerase. Differentiation of the DNA sequence
between individuals in the primer binding site may
result in primer failure in adhesion and thus in the
absence of a specific bar between amplification
products. A RAPD reaction which produces 5 amplified bands may therefore screen for polymorphisms, in 90-100bp of DNA sequence. Data of
similarity as shown in figure reveal that there is
complete relationship between Date palm Barhy
samples from regenerated cell line plant and tissue
culture clones. Also, Sukkary clones and regenerated cell line plant are closely related to each other
and they have large number of homologous bands. 
RAPD profiles of PCR products using primers
which indicated that unique DNA fragment with
bands is present in DNAs of Date palm resistance
cultivars to RPW and this band is completely absent
in the Date palm sensitive cultivars to RPW. However, other polymorphic bands were detected
among either Date palm sensitive cultivars or Date
palm resistance cultivars with other primers tested.
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7CB8I7H98 =B 5 7CBH=BICIG +/' GMGH9A IB89F
8=::9F9BH9LD9F=A9BH5@7CB8=H=CBG5G:C@@CKGDF9G
GIF9 C:  %(5 F957H=CB H9AD9F5HIF9 C:  R
 R F957H=CB H=A9 C:    < 5B8 CL=85BH
7CB79BHF5H=CB C:
    A; $  ,<9 9::97HG C:
F957H=CB H9AD9F5HIF9 F957H=CB H=A9 5B8 CL=85BH
7CB79BHF5H=CB CB ' F9ACJ5@ K9F9 5@GC =BJ9GH=
;5H98  *957H=CB H9AD9F5HIF9 F957H=CB H=A9 5B8
CL=85BH7CB79BHF5H=CB5F9H<9=ADCFH5BH:57HCFGH<5H
5::97H'F9ACJ5@ ,<9CDH=AIADFC79GGD5F5A9
H9FGK9F9A; $ A=B R 


8F5=B5;9 % K<=7< A95BG H<5H H<9
7CB79BHF5H=CB C: GI@D<5H9 =B H<9 A=B9F5@ K5H9F
=B7F95G9G 5B8 H<9 57=8=HM =B7F95G9G  ,<9 @CK D 
A5?9G=H=GACF995G=9F:CFH<9<95JMA9H5@GGC@I6@9
=B K5H9F H<IG =B7F95G=B; H<9 5ACIBH C: <95JM
A9H5@G 8=GGC@J98 =BHC H<9 K5H9F  ,<9 9A=GG=CBG C:
% =BHC H<9 9BJ=FCBA9BH 75B @958 HC
9BJ=FCBA9BH5@ DFC6@9AG =B ;FCIB8K5H9F GHF95AG
5B8 F=J9FG K<=7< @958GHC=B7F95G98 K5H9F G5@=B=HM
9IHFCD<=75H=CBC:K5H9F6C8=9G5B86=C577IAI@5H=CB
C:<95JMA9H5@G34 
!: H<9F9 =G BC DFCD9F HF95HA9BH H<9
9BJ=FCBA9BH 5FCIB8 H<9 A9H5@ A=B9 K=@@ 69
G9F=CIG@M DC@@IH98 6M A=B9 K5GH9K5H9F  ,<9
K5GH9K5H9F C: A=B9 =G 57=8=7 K5H9F GI7< 5G A=B9
8F5=B5;9 5B8 D9FA95H=B; K5H9F  %=B9 8F5=B5;9
C77IFG K<9B 6FC?9B 5B8 CF 6FC?9B A=B9F5@G =B H<9
CF9 7CA9 =BHC 7CBH57H K=H< 5=F 5B8 K5H9F  +@I8;9
:FCA@CKA9H5@7CBH9BHK5GH9DFC8I79GD9FA95H=B;
K5H9F  ,<9G9 57=8=7 K5GH9K5H9FG 5F9 F9@95G98 =BHC
H<9 9BJ=FCBA9BH BCH CB@M 8IF=B; A=B=B; 6IH 5@GC
5:H9FH<9A=B9=GG<IH8CKB ,<9HF95HA9BHC:GI7<
A=B9 K5GH9K5H9F G<CI@8 5@GC 69 7CBG=89F98 8IF=B;
H<9 DFC79GG9G C: H<9 89J9@CDA9BH C: A9H5@ A=B9G 
@H<CI;<B9IHF5@=N5H=CB=GK=89@MIG98HC895@A=B9
K5GH9K5H9F =H <5G 699B DC=BH98 CIH H<5H H<9F9 5F9
A5BM DFC6@9AG K=H< H<=G A9H<C8 GI7< 5G H<9
DFC8I7H=CB C: @5F;9 5ACIBHG C: G@I8;9 5B8 H<9
F9EI=F9A9BHC:@5F;9 G75@9:57=@=H=9G34 
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7CADCG98 C: GA5@@ AC@97I@5F GI6GH5B79G GI7< 5G
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=B7F95G98 6M ACF9 H<5B   =B @9GG H<5B 5 :9K
A=BIH9G 5B8 G97CB85FM 7CBH5A=B5BHG GI7< 5G
GI@:IF 8=CL=89 5B8 B=HFC;9B CL=89G 5F9 BCH DF9G9BH
3
4 %CF9CJ9F=B;9B9F5@@MGD95?=B;K<9BH<9
A5GG 7CB79BHF5H=CB C: H<9 CF;5B=7 GI6GH5B79 =G
<=;<9F H<5B  6M K9=;<H =H 75B 57<=9J9 G9@:
GI::=7=9B7M=B<95H5B85HH<9G5A9H=A9K5GH9<95H
75B 69 F97CJ9F98 HC ;9B9F5H9 GH95A CF <CH K5H9F
H<9F96M F98I7=B; CD9F5H=B; 7CGHG 3  4 
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'K=B; HC H<9 =B7F95G9 =B H<9 BIA69F C: A=B9G =H
<5G699B:CIB8H<5HA=B=B;CD9F5H=CBG<5J975IG98
=B7F95G=B; DFC6@9AG =B DC@@IH98 K5H9FG H<IG A5?
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H97<BC@C;=9G 69 5H 5 <=;< 89A5B8 3 4  H H<9
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Although diabetes mellitus affects many systems, it has very negative effects on the cardiovascular system. However, its effects on the cardiovascular system are often underestimated, and nephropathy, neuropathy and retinopathy are emphasised in
particular. Therefore, the aim of this study was to determine the antihyperglycemic and antihyperlipidemic effects of       (FO) extract
and its effects on cardiovascular dysfunction. Overall, 40 rats were divided into 5 groups with 8 rats in
each group. The groups were NC, FO, DC, D+FO
and D+I. FOand insulin were administered for 21
days in an experimental type 1 diabetic rat model induced with streptozotocin (STZ). On the 3rd day of
STZ administration, fasting blood glucose (FBG)
level was significantly increased in all diabetic
groups. Starting on the 10th day, a significant decrease was observed in the FBG levels of the D+FO
and D+I groups. FO extract increased plasma insulin
levels in diabetes mellitus, decreased HbA1c levels
and was also effective in preventing rapid weight
loss seen in type 1 diabetes mellitus. Furthermore,
FO was effective in decreasing the elevated TG and
LDL cholesterol levels in diabetes mellitus. In the
DC group, the levels of NO and COX-2 in heart and
thoracic aorta tissues were significantly increased.
Conversely, a significant decrease was observed in
the COX-2 and NO levels in the thoracic aorta tissue
and in NO levels in the heart tissue in the D+FO
group. In conclusion, it was found that FO had important antihyperglycemic and antihyperlipidemic
effects and was also effective in suppressing dysfunction in heart and thoracic aorta tissue caused by
diabetes mellitus.
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Insulin-dependent diabetes mellitus (IDDM)
affects the heart and vascular system as it affects
many other tissues. Diabetes mellitus is reported to
be an important risk factor for coronary artery and
cerebrovascular diseases, retinopathy, nephropathy
and neuropathy [1]. It is also stated that cardiovascular complications are one of the leading causes of
morbidity and mortality in patients with type 1 and
type 2 diabetes mellitus [2]. Patients with type 1 diabetes mellitus have been found to be more prone to
cardiovascular diseases than those without diabetes
mellitus [3]. Macroangiopathy is the most common
complication of these cardiovascular complications,
and atherosclerosis-induced ischaemic heart disease
and cardiomyopathy are also encountered [4]. Independent of atherosclerosis, diabetes mellitus was
found to cause a decrease in the expression of
GLUT1 and GLUT4 in the heart and affect cardiac
function. As a result, a decrease in the glucose intake
and usage was reported [5]. It is stated that the progression of atherosclerosis is facilitated in diabetics
owing to long-term hyperglycaemia [6]. The increase in low-density lipoprotein (LDL) level is
known to be an important risk factor for atherosclerosis. It is stated that especially oxy-LDL (ox-LDL)
causes endothelial dysfunction by expression of adhesion molecules, thereby leading to the development and progression of atherosclerosis and its complications [7]. It was reported that LDL and ox-LDL
bound to COX-2 increased PGE2 release in the arterial wall, and the increase in COX-2 and PGE2 levels
induced endothelial dysfunction and caused inflammation [8]. Although hyperglycaemia is thought to
be the main cause of endothelial dysfunction in diabetes mellitus, the polyol pathway, hexosamine
pathway, changes in energy metabolism via protein
kinase C activation and disruption of glutathione metabolism, which is an important part of antioxidant
defence mechanism, cause an increase in free radical
formation, and this increase plays a role in the development of endothelial dysfunction [9, 10, 11].
It is stated that there are approximately 170 species of the Ferula genus in the Apiaceae family and
that various species have been widely used in
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!7 (i.p 50 mg/kg STZ + 400 mg/kg 
   extract orally),

traditional medicine because of their anticonvulsant,
antimicrobial, carminative, antispasmodic, diuretic,
antihelmintic, anti-inflammatory, antioxidant, anticonvulsant and anti-hysterical effects [12, 13, 14].
In some previous studies,   
 and    methanol extracts were
found to decrease the elevated fasting blood glucose
(FBG) levels in diabetic rats, stabilise the disrupted
lipid profile and decrease the oxidant levels, while
increasing the antioxidant levels [15, 16]. It has been
reported that     is used widely by local
people in traditional folk medicine in Kars and
neighbouring provinces because it reduces the elevated blood glucose level, which is caused by diabetes mellitus, and eliminates the complications related
to diabetes mellitus [17]. However, no scientific research has been conducted to investigate whether 
   carries the effects in question. In this respect, the present study is the first of its kind in the
literature. Previous studies on     have
found that it has strong antioxidant [14] and antifungal [18] characteristics. In this study, ethanol extract
was obtained from the above-ground parts of the
plant, and its effects on diabetes mellitus-induced
cardiovascular dysfunction were investigated.

:8=9'3+,/</;6/553<=;7;=537
7 (i.p 50 mg/kg STZ + 2IU insulin subcutaneously).
The rats in which diabetes mellitus was induced, FBG levels were measured with a glucometer
72 hours (3 days) after the administration of a single
dose, i.p., 50 mg/kg STZ (Sigma - USA); rats with
FBG levels of >200 mg/dl were accepted as diabetic.
From this moment on, the administration of extract
and insulin was started and continued for 21 days. At
the end of the study, intracardiac blood samples were
taken from the animals under sodium pentobarbital
anaesthesia and collected in anticoagulant tubes, and
thoracic aorta and cardiac tissues were obtained after
cervical dislocation.
":/9+:+<387 80 "5+7< @<:+-<    
plants were collected from the Sarıkamış district of
Kars province. Above-ground parts of the plant were
dried under the shade and then ground into powder.
Ethanol extract was obtained from     by
the Soxhlet method; 8.66 g extract was obtained
from 100 g of the plant.

%#$ %!$

@9/:36/7<+5 /;317 This study was conducted with the approval of Kafkas University Animal Experiments Local Ethics Committee. Overall,
40 Sprague-Dawley rats, aged 2-3 months, were
used in the study. Rats were divided into 5 groups
with 8 rats in each group. They were fed   
under standard conditions (in constant heat and ventilated rooms; 12 hours in daylight and 12 hours in
darkness) in cages that were cleaned every day.
Study groups were formed and treated as follows:

":/9+:+<387 80 588. +7. %3;;=/ $+695/;
Blood samples were centrifuged according to the kit
procedures, and plasma samples were prepared. The
prepared plasma samples were stored at −20 °C until
analysis. Heart and thoracic aorta samples were homogenised in phosphate buffer (1:9 ratio) with a homogeniser (Wiggen hauser - Germany). The homogenates were centrifuged at 10,000 ×g for 5 minutes
at 4°C, and the supernatants were separated.
38-2/63-+57+5A;/;FBG levels of animals
were measured periodically throughout the study
(baseline, on the 3rd, 10th, 17th and 24th days of the
study) by a glucometer (Counter TS - Bayer - Germany) after 8 hours of fasting. HDL, LDL, TG, insulin and HbA1c levels in plasma samples and COX2 levels in the heart and thoracic aorta tissues were
measured using Eliza kits (Elabscience -USA),
whereas NO levels in the heart and thoracic aorta tissues were measured spectrophotometrically using
the method of Miranda et al. (2001) [19].

:8=9  8:6815A-/63- 87<:85   7
(intraperitoneal (i.p) saline + oral saline),

:8=9!7 (i.p saline
+ 400 mg/kg   extract orally),

:8=93+,/<3-87<:857: (i.p
50 mg/kg streptozotocin (STZ) + oral saline),


% 
00/-<80/<2+7853-/@<:+-<808761 .5/>/5;/+7C$


!

!


72.2±11.3
69.4±4.5
65.9±10.5
66.1±8.2
69.7±8.2
:.

72.6±7.8
78.3±14.3
476.5±80.2###
457.5±80.3
435.7±76.7
<2

76.4±6.1
78.6±10.2
583.2±27.4###
510.5±38.8*
400.0±79.8***
<2
71.3±7.7
71.4±8.1
554.7±40.1###
426.6±100.2**
388.8±79.9***
84.4±5.9
80.1±6.7
570.5±33.8###
418.4±102.3**
410.4±114.2**
<2
### p<0.001 as compared with NC group, *: p<0.05, **: p<0.01, ***: p<0.001 as compared with DC group
5=-8;/

<2
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###: p<0.001 as compared with NC group, *: p<0.05, **: p<0.01, ***: p<0.001 as compared with DC group

% 
2+71/80,8.A?/312<;180-87<:85+7./@9/:36/7<+51:8=9+736+5;<2:8=128=<<2/;<=.A
<2
:.




247.3±22.2
257.6±24.8
!
230.8±28.6
242.6±27.9

231.3±17.5
217.3±17.7
!
214.1±18.5
205.9±17.9

235.9±11.8
231.2±12.3
**: p<0.01, ***: p<0.001 as compared with 3rd day

8.A(/312<
<2

264.3±27.2
249.0±28.6
174.0±24.9**
205.5±15.4
229.6±13.4

$<+<3;<3-+57+5A;3;SPSS 18 programme was
used for biostatistical evaluation of all data obtained
in the study. One-way ANOVA was used to determine the differences between the control and experimental groups, whereas Duncan’s multiple range
test was applied to detect changes within the groups.
A P value of <0.05 was considered statistically significant.


#$&%$

There was no statistical difference between the
groups in terms of FBG levels at the beginning of the
study. On the 3rd, 10th, 17th and 24th days after STZ
administration, FBG levels increased significantly in
DC, D+FO and D+I groups compared with the NC
and FO groups (p<0.001). When the DC group was
compared with the D+FO (p<0.05, p<0.01 and
p<0.01 respectively) and D+I (p<0.001, p<0.001 and
p<0.01) groups, it was found that FBG levels decreased significantly on 10th, 17th and 24th days
(Table 1). Plasma insulin levels (p<0.001) were significantly decreased and HbA1c levels (p<0.001)

<2
268.7±24.3
247.9±27.4
150.8±16.6***
192.0±19.4
217.8±20.3

<2
274.9±28.1
256.3±27.4
138.8±26.1***
195.0±17.5
211.8±22.6

were significantly increased in the DC group compared with the NC and FO groups. Plasma insulin
levels were significantly increased in the D+FO and
D+I groups compared with the DC group (p<0.05,
p<0.01 respectively). HbA1c levels that were elevated in the DC group decreased significantly in the
D+FO and D+I groups (p<0.001) (Figure 1).
When the NC, FO, D+FO and D+I groups were
evaluated individually, it was found that there was
no statistically significant difference in body weights
at the beginning of the study and on the 3rd, 10th,
17th and 24th. In the DC group, a significant decrease in body weight was observed when values obtained on the 10th, 17th and 24th days were compared with values obtained at baseline and the 3rd day
days (p<0.001, significance between 3rd and 10th
days p<0.01). When the 10th, 17th and 24th days
were compared, no statistically significant difference was found in terms of body weight (Table 2).
When the change in the thoracic aortic COX-2
levels was examined, a significant increase was
found in the diabetic groups compared with the nondiabetic groups (p<0.001). When changes in this parameter were examined between the diabetes mellitus treatment and DC groups, a significant decrease
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###: p<0.001 as compared with NC group, **: p<0.01, ***:
p<0.001 as compared with DC group

###: p<0.001 as compared with NC group, *: p<0.05 as
compared with DC group

% 
00/-<80/<2+7853-/@<:+-<808795+;6+%71 6571 65+7.D1 65
-285/;</:855/>/5;/+7C$
!


!


1.97±0.13
1.84±0.08
12.55±2.04###
6.99±2.04***
8.72±2.38*

72.7±11.8
78.1±11.1
18.0±6.1###
22.8±5.3
28.0±6.9
%
221.7±28.0
230.5±36.3
4342.7±371.7###
1459.5±288.8***
1540.2±184.6***

###: p<0.001 as compared with NC group, *: p<0.05, ***: p<0.001 as compared with DC group



was found in the treatment groups (p<0.001) (Figure
2). When the NC and FO groups were compared with
the DC (p<0.001) and D+I (p<0.01, p<0.001 respectively) groups, there was a significant increase in the
cardiac COX-2 levels in these diabetic groups. When
the D+FO group was compared with both non-diabetic and diabetic groups, no statistically significant
difference was found in the cardiac COX-2 levels.
The thoracic aortic NO levels were significantly
higher in the DC group than the other groups
(p<0.001, D+I group with p<0.01). Cardiac NO levels were significantly increased in the DC group
compared with the NC and FO groups (p<0.001).
When the D+FO and D+I groups were compared
with the DC group, there was a significant decrease
in the cardiac NO levels (p<0.05) (Figure 3).
When the lipid profile was examined, it was observed that TG, LDL and HDL cholesterol levels did
not differ between the NC and FO groups. The LDL
cholesterol and TG levels were significantly increased and HDL levels were significantly decreased
in the DC group compared with the non-diabetic NC
and FO groups (p<0.001). TG and LDL cholesterol
levels were significantly decreased in the D+FO

(p<0.001) and D+I (p<0.001, p<0.05 respectively)
groups compared with the DC group. Although HDL
cholesterol levels showed an increase in the D+FO
and D+I groups, this increase was not statistically
significant (Table 3).


$&$$! 

Currently, it is known that majority of diabetes
mellitus-related deaths are caused by chronic complications of diabetes mellitus [20]. Studies have
shown that the development of atherosclerosis in patients with diabetes mellitus occurs earlier, and at the
same time, its progression is more aggressive [21,
22]. It is also known that stroke and death rates related to heart disease are 2–4 times higher in people
with diabetes mellitus than those without diabetes
mellitus [20].
It is known that hyperglycaemia, high blood
pressure and hypercholesterolemia are the most important risk factors among all diabetes mellitus-related complications. It has been suggested that improvements in glycaemic control, blood pressure and
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development of endothelial dysfunction [26]. However, it is also known that the decrease and/or increase in NO activity in the cardiovascular system is
not solely dependent on eNOS [27]. Although a decrease in endothelial NO formation occurs in diabetes mellitus owing to endothelial dysfunction, it is
stated that inducible NOS (iNOS) and neuronal NOS
(nNOS) can contribute to increase in the NO level in
diabetes mellitus [27]. In our previous study, we induced type II diabetes mellitus in rats and found
strong iNOS immunoreactivity and deterioration in
the contraction mechanisms in all 3 layers of the thoracic aorta (tunica intima, tunica media and tunica
adventitia) in the diabetic control group [28]. Pieper
et al. [29] investigated whether chronic treatment
with NOX101, a nitric oxide scavenging agent, prevents endothelial dysfunction in diabetes mellitus
and found a paradoxical increase in the nitric oxide
production in diabetic endothelial dysfunction. Nagareddy et al. [27] reported that increased expression
of iNOS in the heart, aorta and mesenteric tissue contributed to decreased eNOS expression and endothelial dysfunction in diabetes mellitus. In the present
study, it was also determined that the administration
of FO extract significantly decreased NO levels in
the heart and thoracic aorta tissues and COX-2 level
in thoracic aorta tissue in the diabetic group.
In conclusion, we found that    was
very effective in preventing endothelial dysfunction
in the heart and thoracic aorta tissues, suppressing
increased hyperlipidaemia caused by diabetes mellitus, preventing weight loss caused by lipolysis, increasing insulin secretion and consequently decreasing levels of HbA1c and FBG.

cholesterol level may reduce the risk of complications in individuals with diabetes mellitus [20].
Therefore, this study focused on hyperglycaemia and
hyperlipidaemia in diabetes mellitus and diabetes
mellitus-induced cardiovascular dysfunction. In the
present study, it was found that    significantly decreased the elevated FBG levels in diabetes
mellitus, increased the reduced insulin levels and
significantly decreased the elevated HbA1c levels.
We also found that     significantly reduced LDL cholesterol and TG levels, and it was effective in preventing the rapid weight loss seen during the course of type 1 diabetes mellitus. We believe
that     exerts this effect presumably by
suppressing hyperglycaemia and lipolysis. Because
there are no previous studies investigating the effects
of    on diabetes mellitus, our study is the
first in the literature in this respect. However, when
results of the effects of    on diabetic complications are compared with those of other Ferula
species, it can be seen that many species belonging
to the Ferula genus have similar effects. Akhlaghi et
al. observed that     given to diabetic rats
for 4 weeks significantly reduced blood glucose levels but did not cause any change in serum lipid levels. It was reported that the active component of 
    was ferulic acid, which significantly decreased blood glucose by increasing insulin secretion in diabetic rats [23]. Previous studies have
shown that the active ingredient of     is
ferulic acid according to TLC method [14]. Previously, Ohnishi et al. reported that ferulic acid significantly decreased blood glucose levels in diabetic
mice models induced with streptozotocin [24]. These
results show that the decrease in FBG levels in diabetes mellitus is caused by ferulic acid, which is the
active ingredient of many members of the Ferula genus.
Yusufoğlu et al. reported that  and
methanol extracts significantly
  
lowered FBG, HbA1c, TG, TC and LDL levels in
rats with type 1 diabetes mellitus but increased insulin and HDL cholesterol levels [16]. In another
study, Yusufoğlu et al. reported that  ethanol extract reduced FBG, HbA1c, TC, TG and LDL
cholesterol levels in rats with type 2 diabetes mellitus, whereas it significantly increased plasma insulin, SOD, GPx, CAT and HDL levels [15]. Kondeti
et al. reported that the factor causing the decrease in
HbA1c levels in the drug-induced diabetic rat model
and the improvement in the glycemic condition
could increase insulin secretion from the remaining
intact β cells in the endocrine pancreas [25]. We believe that     also exerts its effect on increasing insulin secretion and reducing HbA1c levels through this mechanism.
It is known that increased superoxide production owing to eNOS dysfunction in experimental diabetes mellitus models causes a decrease in vascular
NO activity, and this decrease contributes to the
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dissolution and structural fracture [4-9]. During the
sandstone densification, diagenetic evolution process has become an important issue that many scholars pay close attention to.
The tight sandstone reservoir of Chang 8 Member of Triassic in Xiasiwan area is an important target layer for oil exploration and development in the
southern part of northern Shanbei slope zone, developing typical tight sandstone reservoirs [10-13].
Some researchers thought that Xiasiwan area Chang
8 Member developed secondary pores, which has a
correlation with brittle mineral dissolution and calcite cementation [14-18]. The previous studies emphasized on the influence of dissolution on premium
reservoirs in Xiasiwan area, but focused little on the
influence of different diagenesis periods and diagenesis succession on reservoir quality and heterogeneity [10-11, 17-18]. By means of thin section, scanning electron microscopy, X-ray diffraction and inclusion analysis, the diagenesis types and diagenetic
evolution succession of the tight sandstone reservoir
of Chang 8 Member of Triassic in Xiasiwan area under the same sedimentary environment are comprehensively studied in this paper.


 

To study the diagenesis of tight sandstone reservoir in the study area, rock types should be identified first. Over 200 thin sections were observed and
SEM were identified to analyze petrological characteristics.


! 

*642/2,.(&/ (-&4&(6*4.56.(5 Common thin
sections and dyed thin sections identification, and
microscopic analysis of skeleton grain composition
show that Xiasiwan area Chang 8 Member of Triassic develop mainly feldspathic sandstone and lithic
feldspathic sandstone (Fig. 1). Quartz was about
35.0% - 70.0%, with an average of 53.0%; feldspar
was about 25.0% - 60.0%, with an average of 32.0%;

Diagenesis of tight sandstone reservoir controls
pore evolution and influence the distribution of premium reservoir. The sandstones of Chang 8 Member
in Xiasiwan area are typical tight reservoirs. Comprehensive analysis of adequate thin-sections, SEM
data showed that the sandstone reservoirs underwent
4 types of diagenesis, including compaction, cementation, dissolution and replacement. Cementation is
characterized by carbonate cement which can be divided into early and late stages. and dissolution is
mainly about feldspar dissolution, being divided into
early and late stages too. On the basis of analysis of
the symbiotic association of diagenetic minerals and
the homogenization temperature of fluid inclusions,
the succession of diagenesis is divided: compaction
- chlorite cementation, the first phase feldspar dissolution, kaolinite cementation - the first phase calcite
cementation - quartz overgrowth - the second phase
feldspar dissolution, the second phase calcite cement
dissolution - the second phase calcite cementation,
illite cementation. The reconstruction of diagenetic
succession will provide guideline for the prediction
of premium reservoir.
%#
Diagenesis, Chang 8 Member of Yanchang Formation,
Xiasiwan area, Ordos Basin

 ! 

With the continuous expansion of oil exploration and development, tight sandstone reservoirs
have become the main target reservoirs of oil and gas
exploration and development in China [1]. Previous
studies have shown that sedimentation not only controls the primary porosity and permeability of sandstone reservoirs, but also affects the subsequent diagenesis process and diagenetic strength [2-3]. Early
mechanical compaction and cementation are important factors which affect the physical properties
of sandstone reservoirs. The physical properties of
sandstone reservoir can be modified by later
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with temperature and the properties of diagenetic
fluids, and mixed layer minerals of illite / montmorillonite gradually transform into filamentous illite
when the burial depth increases and fluid acidity decreases (Fig. 3E, Fig. 3F).

;3*52+).&,*1*5.5 After analysis of over 200
thin sections identification and SEM observation,
Ordos Basin Xiasiwan area Chang 8 Member has experienced 4 types diagenesis process, namely compaction, cementation, dissolution and metasomatism.

lithic content was about 13.0% - 55.0%, with an average of 19.3% (Fig. 2A, 2B). Monocrystalline
quartz was commonly seen, polycrystalline quartz
was rare (Fig. 2C); Feldspar grains were mainly plagioclase, followed by potassium feldspar, which
were mostly replaced by calcite, sericitization was
often seen (Fig. 2D). Debris included granite debris
and sedimentary debris, followed by metamorphic
debris (Fig. 2E). In addition, mica in the tight sandstone of Chang 8 Member was well developed,
reaching to 27.0%. Biotite was common and muscovite was rare (Fig. 2F). The grain size of sandstone
ranged from 0.10mm to 0.37mm, medium- to fine
grain structure. Most sandstone grains were sub-angular and sub-circular with roundness of 0.35-0.57.
The sorting coefficient was about 2.7-3.8, and the
sorting was moderate. Due to the mechanical compaction, the contact relationship between debris particles was mainly line contact and concave-convex
contact.
The pore space between the grains of tight
sandstone in Chang 8 Member Xiasiwan area was
mainly filled with calcite and clay mineral cements.
The calcite cements of stage I were filled between
grains in the form of mud crystalline aggregate or
mud matrix, with a relatively high content from 5.0%
to 23.0% (Fig. 3A). In addition, the embedded calcite
cements of stage I can also be seen, in which some
debris particles were "floating" embedded in the
crystalline calcite cements (Fig. 3B). These cements
had large volume, providing sufficient pore space in
the early stage of burial. Apart from cementation,
calcite can metasomatize feldspar, quartz and debris.
Some debris particles are even completely metasomatized by calcite.
Scanning electron microscope (SEM) analysis
shows that the clay mineral cements are mainly kaolinite (K) and chlorite (C), followed by illite (I) and
I/S mixed layer (I/S). The authigenic chlorite of tight
sandstone in Chang 8 Member in Xiasiwan area
mainly develops in the form of skeleton granular
(Fig. 3C), but authigenic kaolinite develops in the
form of pore filling (Fig. 3D). Clay minerals vary

203&(6.21 Compaction can be divided into
mechanical compaction and chemical compaction
[19-22]. Mechanical compaction extensively develops in the tight sandstone of Chang 8 Member. Due
to the relatively high content of plastic debris and
poor compaction resistance, the strong pore reduction effect is one of the main factors which affects
the physical properties of the reservoir [23-28]. Mechanical compaction is characterized by increasing
gradually overlying pressure during burial diagenesis process, adjusting and rearranging skeleton particles to a relatively stable state, which resulting in deformation of plastic particles such as mudstone debris and mica, and rigid particles breakage such as
quartz and feldspar (Fig. 4A, 4B). Mechanical compaction can destroy the porosity and permeability of
reservoir obviously in the early stage of sediment
burial, and the effect gradually weakens in the later
stage. Pressure dissolution process is common,
which forms contact relations between debris skeleton particles, such as line contact, concave-convex
contact and suture contact. Thin section identification shows that point contact, line contact and concave-convex contact are the main types of clastic
particles, but part of concave-convex contact is an
illusion caused by secondary increase of quartz,
which indicates that chemical compaction of tight
sandstone of Chang 8 Member in study area is not
common.

!
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Notes: A. Feldspar sandstone, H28 well, 2155.12 m, conventional thin section, single polarized light; B. Feldspar sandstone, H28 well,
2155.12 m, conventional thin section, crossed polarized light; C. Granular single crystalline quartz, poor roundness, X27 well,
2058.44m, conventional thin section, crossed polarized light; D. Tabular plagioclase, double crystalline albite, X27 well, 2058.44m,
conventional thin section, crossed polarized light; E. Granite debris, with high quartz content, conventional thin section, crossed polarized light; F. Biotite, a group of extremely complete cleavages, X46 well, 2133.12m, conventional thin section, crossed polarized
light.

A

C

B


D


E

F



!
20321*162+6.,-65&1)5621*52+ 4.&55.(-&1, *0'*4.16-*$.&5.9&1&4*&
Notes: A. Mud-crystalline calcite cements fill porosity of phase , H24 well, 2136.36m, dyed thin section, crossed polarized light; B.
Cementation Porosity of Embedded Calcite Cement of phase , H24 well, 2169.22m, conventional thin section, crossed polarized
light; C. Authigenic chlorite, H44 well, 2249.35m, SEM; D. Authigenic kaolinite fills intergranular pores, H44 well, 2249.35m, SEM;
E. Authigenic illite / montmorillonite, H24 well, 2136.36m, SEM; F. Authigenic illite, iliform, X46 well, 2133.12m, SEM.



*0*16&6.21 The cementation types of tight
sandstone of Chang 8 Member in Xiasiwan area
mainly include calcite cementation, authigenic clay
mineral cementation and quartz cementation [1011]. Calcite cementation is the main cementation
(Fig. 3A, 3B), with the average content of 10.5%.
The content and distribution has high heterogeneity.
Different samples are different, varying from 1.0%
to 35.0%. Calcite cements of stage I generally do not
metasomatize clastic particles such as quartz and
feldspar, which can improve the compaction resistance of tight sandstone, and provide material basis for the later dissolution process and secondary
pore caused by the change of fluid properties. As a
result, the stage I calcite cementation is also constructive diagenesis process.

The authigenic clay minerals of tight sandstone
of Chang 8 Member in Xiasiwan area mainly include
kaolinite and chlorite. The kaolinite has relatively
low content, filling in page shaped and worm shaped
in primary or secondary pores. The precipitation of
kaolinite often accompanies with feldspar dissolution (Fig. 3D). Chlorite is the main authigenic clay
mineral, with the content of 1.0% - 9.0% (Fig. 3C).
Thin sections and scanning electron microscope
show that chlorite mainly grow on the surface of
skeleton particles. When the thickness of chlorite
film is relatively large, the throat or even the whole
intergranular pore will be partially or completely
blocked. The siliceous cements is of small content
when chlorite films are widely developed, and the
secondary increase of quartz is significant when
chlorite is of low content.
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Notes: A. Distortion of plastic particles caused by compaction, H24 well, 2136.36 m, conventional thin section, single polarized
light; B. Directional arrangement of clastic particles caused by compaction, H28 well2155.12 m, conventional thin section,
crossed polarized light; C. Secondary increase of quartz, H24 well2136.36 m, conventional thin section, single polarized
light; D. Calcite metasomatize feldspar, X46 well, 2133.12 m, dyed thin section, crossed polarized light; E. Feldspar debris
particles are dissolved into intergranular dissolution pores, X38 well, 2217.18 m, SEM; F. skeleton particles are eroded dissolved into dissolution pores, X38 well, 2217.18 m, casting thin section, single polarized light.




cements near the skeleton particles can be well preserved due to the weak dissolution intensity.

The tight sandstone siliceous cements of Chang
8 Member in Xiasiwan area has small proportion,
less than 5.0%. The siliceous cements mainly develop on the surface of quartz grains (Fig. 4C). The
siliceous cements mainly develop in the samples
with less chlorite content. In addition, a small
amount of automorphic quartz microcrystalline can
be seen growing in the pore space outside the clay
minerals (Fig. 3E).

*6&520&6.50. Metasomatism refers to calcite and clay minerals metasomatize feldspar, quartz
and other debris particles. Different samples develop
various metasomatism types and metasomatism intensity. The calcite commonly metasomatize feldspar, quartz and lithic debris when calcite cements
are of high content in phase I (Fig. 4D), and the metasomatism intensity is relatively high; Calcite commonly metasomatize secondary increase of quartz
and authigenic quartz in phase II, when calcite cements are of low content, calcite mainly metasomatize feldspar, and the metasomatic intensity is relatively weak.

.552/76.21The dissolution of Potash feldspar
and lithic debris is the main type of dissolution in the
tight sandstone of Chang 8 Member in Xiasiwan
area, but the dissolution of calcite cements is rare.
Feldspar grains are mainly eroded along cleavage
cracks and bi-crystalline planes so that intragranular
pores occur (Fig. 4E); Lithic debris is selectively
eroded, then intragranular dissolution pores form. In
addition, the dissolution of tight sandstone in Chang
8 Member of Xiasiwan area mainly affects the development of skeleton particles (Fig. 4F). Calcite

.&,*1*6.( *82/76.21 57((*55.21 By analyzing the symbiotic association between skeleton minerals and authigenic minerals, authigenic minerals
and authigenic minerals, the diagenetic evolution
succession of various diagenesis can be preliminarily determined [29, 32]. Chlorite cementation, stage
I calcite cementation and stage I feldspar dissolution
occur mainly in the early diagenetic stage of the tight
sandstone of Chang 8 Member in Xiasiwan area. The
main evidence: 1) Chlorite grow close to the skeleton particles, and there are no other authigenic minerals between the chlorite and the skeleton particles
(Fig. 3C); 2) In some thin section, skeleton particles
are point contact, with some calcite cements reaching to 30%, such high proportion of intergranular
pore space occur commonly in the early stage of diagenesis (Fig. 3B); 3) Massive liquid phase fluid inclusions can be observed in poikilotopic calcite, indicating this kind of calcite was formed in the early
stage of sedimentation (Fig. 5A); iv. Some thin sections show that calcite cements fill in intergranular
pores, indicating that calcite cements formed after
authigenic chlorite precipitation [25, 28-31]; v. Feldspar is in intergranular pore water environment and
eroded by atmospheric water from the beginning of
deposition and burial. It is inevitable that part of feldspar is dissolved along cleavage and twin-crystal
joints to form the <phase of feldspar dissolution.
When burial depth increases, the source rocks
of Chang 7 Member are in the thermal mature temperature range. The thermal evolution of organic
matter in overlying source rocks discharges a large
amount of organic acid into the tight sandstone
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reservoirs of Chang 8 member, then the diagenetic
conditions change into the acid environment [23].
The main diagenesis in this stage is dissolution and
siliceous cementation, and dissolution can be divided into the stage I of calcite dissolution, the stage
II of feldspar dissolution and debris dissolution; The
siliceous cements occur in the form of quartz in-situ
increasing edge and grow mainly in coaxial manner
on the edge of quartz particles [24]. The homogenization temperature of fluid inclusions is mainly between 60~70 °C (Fig. 5B, 5C), which is consistent
with the thermal evolution temperature of source
rocks, indicating that siliceous cementation diagenesis occurs in this period. After the main acid

discharge period of source rocks, the properties of
diagenetic fluids gradually change into weak alkalinity. After this stage, intergranular pore deposited
stage II calcite, and feldspar, quartz and debris are
strongly replaced. This stage develops a lot of calcite
cements, in addition, a large number of kaolinite
caused by feldspar dissolution begin to transform
into illite. Filamentous illite can easily block pore
throats, which destroys reservoir permeability [2627, 31-32].
On the basis of the comprehensive analysis of
the symbiotic association of diagenetic minerals and
the homogenization temperature of fluid inclusions
in reservoirs, the relative order of formation of
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diagenetic minerals is preliminarily determined as
follows: compaction — chlorite cementation, feldspar dissolution in the stage I, kaolinite cementation—calcite cementation in the stage I, quartz autogenesis increase — feldspar dissolution in the stage
II, calcite cementation in the stage I — calcite cementation in the stage II, illite cementation (Fig. 6).


!

(1) The sandstone reservoirs of Chang 8 Member of Triassic in Xiasiwan area are mainly composed of medium-sized, subangular-subcircular feldspar sandstones and lithic feldspar sandstones, which
are typical tight reservoirs.
(2) The diagenetic succession of the tight sandstone reservoirs in Chang 8 Member of Triassic in
Xiasiwan area is that compaction — chlorite cementation, feldspar dissolution in the stage I, kaolinite
cementation — calcite cementation in the stage II —
quartz authigenic increase — feldspar dissolution in
stage II, calcite cementation dissolution in stage I —
calcite cementation and illite cementation in stage II.
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In inland river basins of northwest China, riparian
forests are occupied by drought-tolerant tree species
that rely on shallow groundwater for establishment,
growth, and transpiration. Therefore, depth of
groundwater can intuitively reflect the water conditions across the region and directly affect plant
distribution, growth, population development, stability of ecosystem and even the survival of oasis
[2-9]. Knowledge of how vegetation responds to the
heterogeneity in water supply (heterogeneity in
groundwater depth) is necessary for predicting the
survival and growth of vegetation in varying environment [10]. Information on how vegetation
adapts to different groundwater depth is critical for
predicting vegetation survival, growth and water
use, which, in turn, has important impacts on site
hydrology [10].
Riparian vegetation is sensitive to changes in
hydrological regimes [11]. During the long process
of evolution, adaptive mechanisms to changing
groundwater conditions have evolved in desert
plants. Although many scholars have studied the
responses of the physiological characteristics of
plants, such as plant water potential, proline,
malondialdehyde, peroxidase, abscisic acid, photosynthesis, and other physiological indicators [1215], there are few studies on the changes of sap
flow and MDS in response to groundwater depth
changes, i.e., the depth of the water table. Previous
studies indicated that plant transpiration correlates
well with soil water conditions. When soil moisture
changes, plant controls water loss through active
regulation on transpiration. With an increase in
water stress, plant transpiration rate decreases and
MDS increases [16-19]. This is the physiological
mechanism of self-regulation, through which plants
adapt to the environment. Changes in plant transpiration are directly linked to the vital signs of plants,
and the changes can reflect the plant status and
response to the water conditions. Measurements of
sap flow and MDS are currently considered as the
most accurate method to determine the status of
plant transpiration [20-24]. Therefore, Study on the
characteristic sap flows and MDS in plants under

Using sap flux density and trunk maximum
daily shrinkage (MDS) as the main plant-based
water stress indicators and combined with soil salinity parameters and plant population characteristics, water statuses of   were
diagnosed. Based on these parameters, optimal
groundwater depth for maintaining the development
of natural  were explored in middle
and lower reaches of the Tarim River. When excluding the impact of soil salinity and climatic
factors, our results demonstrated that sap flow flux
density in   decreases with increase
groundwater depth and that such a negative correlation is significant. It also showed that MDS has a
significant positive correlation with groundwater
depth. When the water table depth reached 4.5-5.0
m. Our study showed a significant reduction in sap
flow flux density changes of apparent
and increasing MDS, indicating that the growth of
  is under drying stress, and the plant
adapts to the environment through reducing transpirational water consumption by self-regulation.
When water table is in the range of 4-6 m, the
populations characteristics (coverage, density, and
frequency) of  under different groundwater depth reached the maximums. We conclude
that groundwater depth between 4.5 and 5.0 m is
the optimum restoring and its ecosystem in the middle and lower reaches of the Tarim
River.
+)"$%
Groundwater depth, P.euphratica, Sap flow flux density,
Trunk shrinkage, Riparian forest.

!&$"'&"!
Climate aridity and scarcity of water resources
are a historical and recurring characteristic in
northwest China. In arid and semiarid ecosystems,
water is the limiting resource for plant growth [1].
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depend on both river and groundwater. A continuous arbor, shrub, and herb vegetation zone of varying width is formed along the river, where  
 is the only tree species,   ,
!and 
are the main shrubs, and  ,
!, , 
 , and !!"  are the major
herbs. Due to extensive land and water development in the upstream of the Tarim River, there is
only seasonal stream flow in the middle reach each
year and while the 321 km river course downstream
from the Daxihaizi reservoir has been basically
drying up since 1972 due to the gradually dwindling water supply, which resulted in an increased
groundwater depth. Water table depth downstream
of Yingsu dropped to 8-12 m [25-26]. Degeneration
of the desert riparian forest with   as
the major constructive species has occurred since
1980s [27].

@90:4607<,5 /0;427 From Yingbazha to
Taitema Lake, 14 plants ecological monitoring
sections were set up along the aqueduct in the middle and lower reaches of the Tarim River. The
monitoring sections were located at MA: Shajilike,
MB: Shazihe, MC: Wusiman, MD: Aqik, ME:
Tieyizi, LA: Akedun, LB: Yahepumahan, LC: Yingsu, LD: Abudale, LE: Kaerdayi, LF: Tugemailai,
LG: Alagan, LH: Yiganbujima, and LI: Kaogan
(Figure 1). Four to six groundwater monitoring
wells, which are with a certain distance apart according to the growth and distribution of the vegetation, were placed perpendicular to the river course
at each section. A total of 74 groundwater monitoring wells were placed in the 14 sections, and 74
corresponding permanent vegetation survey plots 

different groundwater conditions can reflect the
response and adaptation of transpiration in surface
plants to changes in the water table depth.
This study was performed by monitoring the
sap flow and MDS in a major constructive species
of desert riparian forests, , in the middle and lower reaches of the Tarim River. Water
table depth, vegetation survey, and data from an
analysis of soil salinity were used to diagnose water
status of  in the inland river basin of
Northwest China. Our objectives are: (1) to examine the response of   to groundwater
depth using sap flow and MDS as water status indicators; (2) to evaluate the feasibility of obtaining
baselines for these parameters for use in diagnosing
water status; and (3) to ascertain the optimal depth
of water table for maintaining the growth and reproduction of natural   in the middle
and lower reaches of the Tarim River and to provide a scientific basis for the restoration and reconstruction of damaged ecosystems in the arid inland
river basin.

&$%! &"%

%4<0 /0;.:49<487The study area is located in
the middle and lower reaches of the Tarim River in
China, from Yingbazha of Luntai County to
Taitema Lake of Ruoqiang County, with a total
length of 826 km, of which the middle part is from
Yingbazha to Qiala, and the lower part is from
Qiala to Taitema Lake (Figure 1). This area is an
extremely arid region, with scarce precipitation and
intensive evaporation. Mean annual precipitation is
less than 50 mm, while the average annual evaporation is 2,500-3,000 mm. The existence and survival
of ecosystems along the river and in the region




'$ 
&30/4;<:4-=<48781<306874<8:472;0.<487;47<3064//50,7/58?0::0,.30;81&,:46$4>0:
MA. Shajilik MB. Shazihe MC. Wusiman MD. Aqik ME. Tieyzi LA. Akdun LB. Yahopmarhan LC. Yengsu I. LD. Abudali
LE. Karday LF. Tugmailai LG. Argan LH. Yikanbujima LI. Korgan
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table depth used in the present study were the average groundwater level collected from July to September, 2008.
Vegetation survey was performed in August
2008, during the same period ofsap flow monitoring. 74 fixed vegetation plots at different sections
through the middle and lower reaches of the Tarim
River were surveyed for quantitative indices, such
as the number of  plants, plant height,
crown width, diameter at breast height (DBH), and
niche breadth. Niche breadth was estimated using
the Levins index[28] .Water table depth was divided into four gradients of 2-4 m, 4-6 m, 6-8 m, and
8-10 m. Trend of the changes corresponding to
different groundwater depth gradients in the parameters of the  population, such as coverage, frequency (the percentage of plant-appearing
plots among the entire plots), and density, was
analyzed for better understand the impact of the
water table depth on the growth of .
Soil profiles of 1.6 m, located 0.5 m from the
sampling tree was exposed and divided into six
layers of 0-5 cm, 5-15 cm, 15-30 cm, 30-50 cm, 5080 cm, and 80-120 cm. Soil samples from each
layer were collected and brought into laboratory for
measurements of total soluble salts after drying out.
Meanwhile, distribution of  root along
the vertical direction of soil profile ranging from 0
to 140 cm was surveyed by sampling every 20 cm.
Root morphological parameters, such as root surface area, diameter, and length density, were measured using a WinRHIZO root scan analysis system
(Regent, Canada).


$%'&%

$05,<487;349; ,6872 ;,9 158? % ,7/
2:8=7/?,<0: /09<3 Analysis of the changes of
sap flow and MDS of  at different
groundwater depth indicates that the changes of the
sap flow flux density and MDS in  are
significant related to groundwater depth in the middle and lower reaches of the Tarim River.Sap flow
flux density decreases with the increase of groundwater depth and MDS diminution with the ascend
of the groundwater depth (Figure 2). indicating the
potent impact of the groundwater depth on the sap
flow of  in middle and lower reaches
of the Tarim River.

were also established to monitor the change of
water table depth and the response of surface vegetation to groundwater at both banks of the middle
and lower reaches Tarim River.

0,;=:0607<; Sap flow was measured
throughout the experiment by the compensation
heat-pulse technique (SF300, Greenspan technology Pty Ltd., Australia) According to the growth
and distribution of   seven sampling
sites were selected at five typical sections, including MA: Shajilike, MD: Aqike, LB: Yahepumahan,
LC: Yingsu, and LG: Alagan. Considering the long
duration of river drying up and the severe drought
stress at the downstream region, two monitoring
sites with different distances from the main axis of
the river course were set up in the downstream
sections in LB: Yahapumahan and LG: Alagan.
Unsheltered   plants of the same age,
similar diameter, similar canopy breadth, and
straight trunk were selected as the sampling subjects, and three trees at each of the sample sites
were selected. In August 2008, during a sunny
weather, sap flow was continuously monitored
daily using 3 sets of 4 probes of SF300 heat-pulse
sap flow meters (Greenspan technology Pty Ltd.,
Australia). Because total sap flow flux and sap flow
rate vary with DBH (Diameter at Breast Height)
and crown width at different plots, they are unsuitable for comparison between trees. Instead, sap
flow flux density (L•cm-2•h-1), which reflects the
sap flow flux and sap flow rate per unit flux area,
facilitate the comparison among trees with different
DBHs. Therefore, sap flow flux density was used as
an indicator in the present study to compare and
analyze the sap flow of   at different
monitoring sections.
Micrometric trunk diameter fluctuations were
measured throughout the experimental period in 3
trees per treatment, with a set of linear variable
displacement transducers (Dendrometer DD, Ecomatik Ltd., Germany.) attached to the trunk, with a
bracket made of Invar, an alloy of Ni and Fe with a
thermal expansion coefficient close to zero. Measurements were taken every 30 minutes by a data
logger. Maximum daily trunk shrinkage (MDS) was
obtained from maximum and minimum daily trunk
diameter.
The data of air temperature ( ) (ATH-2,
PhyTech Ltd., USA.), soil temperature ( ,) (SMS2M, PhyTech Ltd., USA.), leaf temperature( )
(LT-2M, PhyTech Ltd., USA.), relative humidity
( ) (ATH-2, PhyTech Ltd., USA.), and wind
velocity ( ) (010C-1, PhyTech Ltd., USA.) were
simultaneously collected every 10 min using an
automatic weather station (ICT International Pty.
Ltd., Australia.) .
Water level in the groundwater monitoring
wells at each study section was recorded every
other month using the conductivity method. Water

$05,<487;349; ,6872 ;,9 158? % ,7/
60<08:85824.,5 1,.<8:; We analyzed the correlation of sap flow flux density and MDS of  
 with the daily averages of a variety of
environmental factors and the corresponding water
table depths. Our results indicated that the sap flow
flux density and MDS of  are significantly correlated with water table depth, with correlation coefficient of -0.89 and 0.81, respectively,
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the fine-root-enriched layer (50-120 cm) at each
monitoring section and the corresponding sap flow
and MDS of   and the groundwater
depth to determine the mainly factor that causes the
changes in the sap flow flux density and MDS. Our
correlation analysis indicated that both groundwater
depth and soil salinity are significantly correlated
with sap flow and MDS of . However,
when water table depth was used as a control variable, our partial correlation analysis revealed that the
correlation coefficient between soil salinity and sap
flow or MDS are 0.31 (  = 0.56) and 0.43 (  =
0.52), respectively, indicating that salinity has a
little effect on sap flow and MDS.

while the correlations with the meteorological factors are not significant (Table 1).

$05,<487;349 ,6872 ;,9 158? % ,7/
;845 ;,5474<A The effect of soil salinity stress is
primarily exerted on plant roots. Preliminary analysis of the vertical distribution of  roots
in this study indicates that fine roots are mainly
distributed 60-100 cm below the surface (Figure 3),
accounting for 63% of the total root length density
(RLD) of fine rootsd ≤ 5 mm in the soil layer
ranging from 0-140 cm. Because fine roots are the
major water-uptake roots to plant, we analyzed the
partial correlation between average soil salinity in





'$ 
$05,<487;349,6872<30;,9158?15=@/07;4<A %81 ,7/2:8=7/?,<0:/09<347<30
64//50,7/58?0::0,.30;&,:46$4>0:

& 
#0,:;87.8::05,<487,6872;,9158?15=@/07;4<A %,7/2:8=7/?,<0:/09<3
Sap flow flux density
0.67
-0.21
0.21
-0.14
a
-0.11
s
0.28
l
Groundwater depth
-0.89
< 0.05< 0.01 (Two-tailed).
MDS



MDS

w

-0.34
-0.42
0.35
0.23
0.31
0.81

-0.65
0.69
0.71
0.74
0.14



-0.99
-0.92
-0.76
-0.34

a

0.94
0.83
0.27

s

0.82
0.27

l

-0.11




'$ 
(0:<4.,5,7/38:4B87<,5/4;<:4-=<48781<30:88<5072<3/07;4<A.6E.6 60,7C%7 81
1470:88<;/D 66

6333

#"

  $     





  !




$05,<487;349 -0<?007 8=7/?,<0: /09<3
,7/989=5,<487.3,:,.<0:4;<4.;81#=93:,<4.,
The coverage, frequency, and density of  
 under different groundwater depth were
calculated and analyzed, based on the survey data
from 74 vegetation plots. Figure 4 shows certain
trend of changes in the coverage, frequency, and
density of   population with different
of the water table depth at each monitoring section
in the middle and lower reaches of the Tarim River.
The coverage, frequency, and density of  
 population increase when groundwater




depth is between 2-6 m, decrease rapidly when
groundwater depth reaches 6-8 m, and slowly declines after the groundwater depth reaches 8-10 m.
The coefficients of niche breadth at different
groundwater table depths exhibit the same trend
(Table 2). The inflection point of  
population characteristics appears when water table
depth reaches 4-6m, indicating that growth of 
 is under stress, which led to the corresponding changes in the population characteristics.
These data are consistent with the results [5, 9]. 
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Coefficients of the niche breadth
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1
9.74
14.58
6.79
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,7/ % 47 # Euphratica. Analysis of sap flow
flux density and MDS in  at different
water table depth indicated that, in this extremely
arid desert environment, the rate of change in sap
flux density in  varied with groundwater depth. Figure 5 shows that the changes of sap
flow flux density are large when water table depth
is in the ranges of 2.75-4.01 m and 4.01-4.41 m. A
drastic decline in sap flow flux density was observed when groundwater depth is in the 4.41-4.99
m range. Although sap flow flux density slightly
rebounded at ranges of 4.99-6.52 m and 6.52-7.33
m, the extent of this change is small, and the change
is even small when groundwater depth is in the
range of 7.33-7.82 m. Overall, when water table
depth is greater than 4.41 m, the rate of changes in
sap flow flux density of   become
smaller. When groundwater depth is greater than
4.99 m, stem maximum daily amount of shrinkage
has a considerable increase. Significant changes in
the density and MDS of   within a
specific ranges of groundwater depth, to a certain
extent, reflect the level of drought stress.


%'%%"!

salt exerts its effect only after entering the plant in
soluble form with water through the root system.
Therefore, it is reasonable to use salinity data collected from the soil layers rich in fine roots to analyze the effect of salinity on the change in the sap
flow and MDS of  . However, when
the water table depth was used as the control variable, the correlation between soil salinity and 
 sap flow flux density and MDS was
found to be insignificant, but when soil salinity was
used as the control variable, the correlation between
the water table the depth and the sap flow flux
density and MDS of   became significant ( < 0.01).  has been shown to be
one of the salt-tolerant plants, and it can grow normally in soil that has 1% salt content in the plough
layer [39]. In this study, the highest total salt content in the soil layer of depths in the range of 50120cm is only 5.39g•kg-1, i.e., far short of 1%, and
exerts no stress effect on the growth of 
 although the soil salinity does elevate with the
increase of the groundwater depth. Therefore, the
effect of soil salinity on  sap flow and
MDS can be ruled out, i.e., the most important
factor affecting the sap flow and MDS of  
 in middle and lower Tarim River is the
ground water depth.
Physiological water-related characteristics,
such as water potential, stomatal conductance,
transpiration rate, and net photosynthetic rate, of
desert plants are responsive to the depth of water
table [11, 40-41] demonstrated that, with the increase in the water table depth, the growth and
survival rates of the dominant species in a desert
riparian forest decrease significantly, while the rate
of canopy death increases; when the water table
depth is over 3 m, the degenerations progress rapidly. Kranjcec [42] have reported that both the growth
rate of new branches and the plant transpiration rate
elevate with the increase in the depth of water table.
The branch water potential of   is
closely related to the water table depth in the middle and lower Tarim River. When the depth of
water table is over 4 m, the effect of groundwater
on the survival of  weakens gradually,
and the branch water potential of  
elevates with the increase in groundwater depth;
however, when the water table depth is over 8m,
the branch water potential of   shows
no significant correlation with the groundwater
depth [43], indicating that 4 m is the inflection
point for the water table depth to affect the branch
water potential in  . Zhou [44] have
demonstrated that the transpiration and net photosynthetic rates change in  in the middle and lower Tarim River when the water table
depth is over 4m. PRO and ABA contents reflect
the stress level in plants. Chen [4] have observed
that there are significant accumulations of PRO and
ABA in   leaves when the depth of

Although many studies indicated significant
effects of meteorological factors on plant sap flow
and MDS, most of these conclusions were drawn
under same-site conditions and without considering
the effect of groundwater depth [16, 29-34]. In the
present study, each monitoring site had a sunny
weather during the study period, and the difference
in daily average temperature and intensity of solar
radiation at each study section exhibiting similar is
relatively small. Therefore, the effect of meteorological factors on sap flow and MDS of  
 can be basically ruled out, which was also
confirmed by the correlation analye of both sap
flow flux density and MDS of   with
the water table depth and the daily average of environmental factors (Table 1). The sap flow flux
density and MDS of  are significantly
correlated with the depth of water table ( < 0.01).
A possible explanation for this correlation is that
under the same site condition, plant sap flow and
MDS is strongly influenced by meteorological
factors, while for  grown under different water table depths, the sap flow flux density and
MDS are mainly controlled by the groundwater
depth, with a relatively small impact from the meteorological factors.
Salinity also exerts physiological stress onto
plants, and increased salinity often leads to a decrease in net photosynthetic rate, transpiration rate,
and stomatal conductance in plants [35-38], thus
affecting the sap flow rate. The fine roots of a plant
are the mainly roots that absorb water, and the soil
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water table is approximately 4 m.
The changes of the sap flow flux density and
MDS with the increase in the depth of shallow
groundwater are physiological response of  
 to the water deficit. Relevant studies have
shown that under the condition of declining soil
moisture, plants use ABA as a signaling substance
to transmit the water stress signal to the leaves, and
thereby regulate the stomatal conductance and
reduce the transpirational water loss [45]. These
observations indicate that plants can physiologically sense the external environment and actively
adjust to it. Greater changes in the sap flow flux
density and MDS in   were observed
when water table depths were in the range of 2.754.41 m, reflecting the self-regulation and adaptation
of plants to external water conditions; under these
conditions, the leaf transpiration and net photosynthetic rates of  are primarily regulated
by stomatal limitation. However, when water table
depth is greater than 4.41 m, the leaf transpiration
rate and the net photosynthetic rate of 
are mainly regulated by non-stomatal limitation.
The sap flow flux density significantly reduces and
then tends to be stable, indicating that water and
drought stresses are beyond the limit of stomatal
adjustment, resulting in the insensitivity of the sap
flow to the depth of water table.  prevents water loss by reducing the sap flow to ensure
its survival under drought conditions, which is
evidenced by the fact that during the drought environment in middle and lower Tarim River, the sap
flow flux density of  reduces with the
increase of the depth of the shallow groundwater
and the increase in the drought level. The change of
the sap flow flux density in  is significantly attenuated when the depth of the groundwater table drops to 4.41-4.99 m, which reflects both
the characteristics of the physiological changes in
the plants and the level of stress. The coverage,
frequency, and density of the plant population are
the basic quantitative indices directly reflecting the
changes of vegetation growth [5]. During the process of environmental degeneration, the effect of
water stress on plants is manifested as a gradual
reduction in the quantitative indices, such as vegetation coverage, frequency, and density. The relationship between the water table depth and the
population characteristics of  indicates
that a water table depth at 4-6m is the inflection
point for the changes of the quantitative characteristics (coverage, frequency, and density) of the population of .

Our results demonstrate that the significant
correlations among sap flow, MDS and groundwater depth can be used as indications for diagnostic
 water status in the middle and lower
reaches of Tarim River, and to guide the practice in
this region. This study demonstrated that 4.5-5.0 m
is the optimum groundwater depth for maintaining
the development of natural  in middle
and lower reaches Tarim River, and the growth of
  is under stress when the depth of
water table is greater than 5 m.
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exhibit great variation in Turkey with great potentials to be used as sources of resistance to many
plant pests and diseases and for other attributes.
Gene Banks were established to conserve this diversity and many bread wheat landraces have been
collected and conserved for years in Turkey [1].
Yellow (stripe) rust, caused by the obligate parasite
-$'$+,*$$!(*&$+f. sp. ,*$,$$, is one of the most
important diseases of wheat in many other parts of
the world. It can cause severe losses throughout
Turkey especially in years with prolonged wet and
cool conditions in spring [2]. In recent years, a
number of yellow rust epidemics have been experienced in the country, causing important losses in
yield and quality of wheat. Reports refer to significant yellow epidemics and losses (26,5% of plantings of Gerek79 sown more than 1 million ha) in
Central Anatolia in 1991 [3], in Cukurova (causing
loss of 1.2 million tonnes, approximately worth 568
million US Dollars) in 1995 in Cukurova [2], and
again in Central Anatolia in 1998 [4]. Similarly, in
Central Anatolia yellow rust caused production loss
of 53 million US Dollars in 2000. During the 2010
growing season, a yellow rust epidemic swept
across Central and West Asia wheat growing areas.
Turkey was among the most effected countries
affecting half of the wheat production area, followed by Ethiopia (45%), Morocco and Uzbekistan
(35%) [5], In this season, YR caused 50–60% yield
loss (1.5-2 million tons) in the South-East of Turkey [6]. During the 2014 growing season, an unusual yellow rust infection occurred in winter-wheatgrowing areas of the Thrace region in northwest
Turkey. Race analysis on collected samples from
Thrace and Sakarya wheat growing areas confirmed
the detection of a new race, the Warrior, as the first
record in Turkey [7]. Even though fungicide applications can be used to control yellow rust development, this has practical and environmental challenges. Thus, use of genetically resistant cultivars
should be expanded in these regions where yellow
rust is widespread. Use of resistant varieties can
also contribute to improving minimization of environmental and human health risks and enhance
production sustainability. Though some research
has been applied to identify genetic resources in
*$,$-& and some related species (for example 
&('((-&  ,$&()# .$$ $(($ +  

This research was conducted to determine reactions of 200 pure lines selected from among the
bread wheat landraces collected from 18 provinces
and 7 regions of Turkey to yellow (stripe) rust (YR)
at seedling and adult stages. Seedling reactions
were studied in greenhouse conditions at the Central Research Institute of Field Crops in Ankara
against two YR isolates and adult plant reactions
were determined under natural or artificially developed disease epidemics in field conditions in Ankara, Çanakkale, Bingöl, Kahramanmaras and Edirne
locations over three cropping seasons of 2011-12,
2012-13 and 2013-14. For seedling stage reactions,
urediniospores of two YR isolates representing
populations in Ankara location were inoculated in
mineral oil suspension. The test materials were
incubated first at 9±1oC with 100% humidity for 24
hours after inoculation. For adult plant stage reactions, the test materials were screened under natural
or artificial developed disease conditions. For this,
materials were sown in one-meter rows with two
replications. YR severity on each entry was scored
using the internationally recognized Modified Cobb
scale when the cv. Little Club reached 80-100S.
From the scores, Coefficients of Infections (CI)
were calculated and values below 20 were considered to be resistant. As a result of the seedling stage
and adult plant stage assessments over three years
in five locations indicated that, 4 lines showed high
level of resistance to YR. These landrace genotypes
resistant to YR have been incorporated into breeding programs to be used as resistance sources
against YR.



$#
Landraces, Pure line, Turkey, Yellow (stripe) rust (-
$'$+,*$$!(*&$+ f. sp. ,*$,$$), Resistance
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Landraces are important for development of
improved wheat varieties and sustainability of
wheat production. Especially bread wheat landraces
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"$%()+ sp.) resistant to rusts (yellow, leaf and stem),
some problems encountered in incorporating attributes of resistance into present wheat genotypes [8].
Therefore, diverse landraces should be identified
appropriately for resistance to local rust populations
for development of resistant cultivars. To improve
performance of these varieties against the rust diseases, they should be assessed in different growing
areas and in different seasons. Furthermore, resistant genotypes should be used in resistance
breeding programs [9].
This study was conducted using 200 pure lines
selected from among the bread wheat landraces
collected from 18 provinces of 7 geographical regions of Turkey. The purpose was to identify landraces resistant to YR through seedling stage and
adult plant stage screening in five locations and
three growing seasons (2012-2014) under artificial
and natural epidemic conditions.


  

(45 /%5(3,%.4 %0' .1&%5,104 Two hundred
pure-lines selected from Turkish bread wheat landraces which were stored in Turkish Seed Gene
Bank (TSGB) used as test material in this research.
While selecting landraces to be used, care was
taken to include the locations (provinces) with high
diversity and to include materials from every location in which wheat landraces were grown [10].
Information about the origins of pure lines and
sampling locations (provinces) is depicted in Table
2 and 3 based on National Gene Bank records.
For seedling stage tests, growing of plant material and application of the inoculum was performed at the greenhouse of the Central Research
Institute for Field Crops (CRIFC), Ankara.
For adult plant stage reaction tests, field
screenings were conducted in three growing seasons in 2011-12, 2012-13 and 2013-14. Test locations included 3 sites in Ankara (two sites under
artificial inoculation belonging to Central Research
Institute of Field Crops in Yenimahalle and Ikizce
districts, and one under natural epidemic conditions
in the fields of Atatürk Orman Farm in central Ankara), and one site under naturel epidemic conditions in each of Çanakkale (Dardanos), Bingöl
(Central province), Kahramanmaras (Göksun), and
Edirne (Central province, only 2013-14 growing
season). Seedling stage tests of the Landraces and
differentials were performed in three years in 201112, 2012-13 and 2013-14. Two different isolates
were used in the tests, one representing the dominant race of the test year and the other being dominant in previous year.
For the analysis, the years in the same location
were treated as an individual environment considering possible climatic effects. However, since yellow
rust did not achieve desired severity levels under

natural epidemic conditions in central Ankara (Atatürk Orman Farm), Çanakkale, Bingöl, Kahramanmaras locations in 2012, 2013 and 2014, these location-years were eliminated from analysis.

(('.,0* 45%*( 5(454 Seeds of the two hundred pure-lines and yellow rust differential set were
planted in plastic pots of 7x7x9 cm containing sterilized ready to use peat. Each plastic pot contained 4
test materials (5-6 seeds of each genotype) separated from each other. Test materials were grown in
greenhouse conditions with average temperature
regime of 18±3 °C day/night. Artificial day lighting
was employed during seedling growth and test
period. The tests were performed with 3 replications and 2 different isolates, one representing the
populations of the test year and the other population
of the previous year in Ankara province.. The solution of urediniospores obtained from susceptible
control cultivars (cv. Little Club, cv. Morocco and
cv. Gerek79 etc.) and prepared in mineral oil
(Soltrol 170®) was sprayed on the seedlings of the
landraces and differential set materials at Zadoks
growth stage 11-12 [11]. After inoculation, test
materials were placed in a dew chamber for 24 h at
9±1 °C for incubation. These were then transferred
to a greenhouse with an 18±3 °C day/night temperature regime. Infection types were assessed 16
and 18 days after inoculation on a 0-9 scale using
the scale described by McNeal et al. [12]. Infection
types (ITs) 0 to 6 were regarded as avirulent (resistance) and (ITs) 7 to 9 were regarded as virulent
(susceptible).

'6.52.%0545%*(3(%&5,1045(45The seeds of
the selected two hundred pure-lines were sown by
hand in the first half October to first quarter of
November in each growing season. The sowing was
done in two replicates in 5-7 cm depth in 1 m-long
rows with 33-36 cm inter-row spacing in all locations and years. For uniform disease development,
susceptible control cultivars (cv. Little Club) were
sown after every 10 rows of experimental entries.
For the same purpose, the susceptible cv. Morocco
and cv. Gun 91 were sown after every 3 experimental entries. Fertilization, irrigation and herbicide
application were performed in accordance with
local practices in all locations and growing seasons.
For the study under naturel epidemic, disease
was allowed to develop naturally and no inoculation
was performed. For the study under artificial epidemics, artificial inoculation was applied starting in
April through transplanting infected seedlings or
direct sprays in mineral oil (Soltrol 170®) in two
research sites of the Central Research Institute for
Field Crops (CRIFC) in Ankara (Ikizce and
Yenimahalle locations). For inoculations, fresh
urediniospores reproduced and collected in the
greenhouses of the CRIFC in the test year were
used. Disease development in field was supported
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(('.,0*45%*(3(%&5,105(454Yellow rust developed in the tests throughout the growing seasons
of 2012-13, 2013-14 and 2014-15. In all three
growing seasons, 8-9 infection types of yellow rust
infections were observed in the susceptible control
cultivars of cv. Little Club and cv. Morocco. This
demonstrated the success of inoculation and ruled
out that a test material may have been falsely classified as resistant due to lack of viable and infective
inoculum.
In the tests conducted using Isolate I (Dominant race); 46, 39 and 38 landrace lines were resistant and 154, 161 and 162 were susceptible respectively in the growing seasons of 2011-12,
2012-13 and 2013 – 2014 (Table 2).
When the results of three years are combined
the results indicated that against Isolate I (Previous
year’s race), 32 landrace lines were resistant and
147 landrace lines were susceptible in all three
years. The reactions of 11 landrace lines (Eskisehir
TR 57999/2, Eskisehir TR 57999/5, Gumushane TR
14861/1, Konya TR 53342/4, Kutahya TR 55148/3,
Kutahya TR 55174/3, Kutahya TR 55128/2,
Kutahya TR 55212/2, Kutahya TR 55166/6, Van
TR 45402/4, Yozgat TR 45303/3) to the same isolates were different in different growing seasons
(Table 2).
In the studies conducted using Isolate II
(Dominant race); 43 and 157 landrace lines were
resistant respectively in growing seasons of 201213 and 2013-14 (Table 2).

through mist irrigation. Yellow rust reaction assessment was commenced when the susceptible
check cultivars Little Club and Morocco reached a
level of 80 S. Observations were made 3 times with
10 - 11 day intervals in the growing seasons of
2011-12, 2012-13 and 2013-14.
Yellow rust severity was assessed using Modified Cobb scale [13]. The infection type was scored:
R = Resistant, MR = Moderately Resistant, MS =
Moderately Susceptible, S = Susceptible. For assessments, Coefficient Infections (CI) were calculated by multiplying infection percentage with coefficient of reactions (S:1.0, MS:0.8, MS-MR:0.6,
MR:0,4, MR-R:0.3, R:0.2 and I:0 (For example, the
disease score 60MS becomes; CI= 60X0.8= 48))
[14]. The replication with the highest score was
taken as the basis of adult plant stage score at each
environment. CI were classified as follows: Immune (I): 0; Resistant (R): 0.1-5.0; Moderately
Resistant (MR): 5.01-20.0; Moderately Susceptible
(MS): 20.1-40.0; Susceptible (S): 40.1-100. CI are
values; 0 to 20.0 were regarded as avirulent (resistance) and CI 20,1 to 100 were regarded as virulent (susceptible) [15].

(5(3/,0%5,101)7,36.(0&(231),.(1)9(..18
3645 ,01&6.6/ %0' 2126.%5,104 An international
differential set (Europe/Australasia set) composed
of 17 genotypes (Table 1) with different yellow rust
resistance gene/s was used to identify the effective
virulent/avirulent pathogen races present (Table 1).
The differential set was planted, grown, inoculated,
incubated and scored in the greenhouse and field
along with the landrace lines. Yellow rust observations were commenced when the susceptible check
genotype, Avocet S, genotype reached 100 S level.

No

1
2
3
4
5
6
7
8
9




,))(3(05,%.*(01592(464('51,'(05,)92%5+1592(41) 
6312(6453%.%4,%4(5
Resistance
Resistance
Differential
No
Differential
gene
gene
International Series
European Series
Chinese
*
10
Hybrid 46
* 
166
ReichersLee
*
11
*
berg42
Heines
Heines
* *
12
* * 
Kolben
Peko
Nord
Vilmorin
* 
13
* 
Deprez
Moro
*
14
Compair
**
Strubes
*
15
Carstens V
*
Dickopf
Suwon92×
Spaldings
*
16
*
Omar
prolific
Clement
** 
17
Heines VII
* 
*$,$-&
*
+) %,



6341

  )42  
No

Resistance
gene
Supplemental cultivars
Differential

18

Sonalika

Yr2, YrA

19

Anza

YrA, Yr18

20

Fed.
4/Kavkaz

Yr9

Gereck 79

---

Cham 1

---
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Genotypes (Origin, number)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

ADIYAMAN TR 49034/2
ADIYAMAN TR 50457/6
ADIYAMAN TR 50476/1
ADIYAMAN TR 50455/1
ADIYAMAN TR 46810/6
ADIYAMAN TR 49029/3
ADIYAMAN TR 50465/6
ADIYAMAN TR 49034/3
ADIYAMAN TR 46822/3
ADIYAMAN TR 50464/5
ADIYAMAN TR 50465/1
ADIYAMAN TR 49040/5
ADIYAMAN TR 49040/4
ADIYAMAN TR 49040/6
ADIYAMAN TR 50465/4
ADIYAMAN TR 50476/4
ADIYAMAN TR 49029/5
ADIYAMAN TR 49029/6
ADIYAMAN TR 46822/5
ADIYAMAN TR 49029/1
ADIYAMAN TR 50476/5
BOLU TR 36948/5
DENİZLİ TR 52859/7
DENİZLİ TR 52863/5
DENİZLİ TR 52865/3
DENİZLİ TR 52865/2
EDİRNE TR 33419/2.
EDİRNE TR 33257/3
EDİRNE TR 33419/5
ERZURUM TR 32790/1
ERZURUM TR 45370/5
ERZURUM TR 45370/6
ERZURUM TR 32893/1
ERZURUM TR 45370/4
ERZURUM TR 45370/6
ERZURUM TR 32655/1
ERZURUM TR 32780/3
ERZURUM TR 32846/4
ESKİŞEHİR TR 55155/6
ESKİŞEHİR TR 57999/6
ESKİŞEHİR TR 57999/2
ESKİŞEHİR TR 57999/5
ESKİŞEHİR TR 55154/4
ESKİŞEHİR TR 55155/2
ESKİŞEHİR TR 55164/2
ESKİŞEHİR TR 57999/3
GÜMÜŞHANE TR 14861/1
GÜMÜŞHANE TR 14861/4
GÜMÜŞHANE TR 14861/6
GÜMÜŞHANE TR 46871/1
GÜMÜŞHANE TR 48039/6
HAKKARİ TR 47981/1
HAKKARİ TR 46763/1
HAKKARİ TR 47988/4
HAKKARİ TR 47982/5
HAKKARİ TR 47981/4
HAKKARİ TR 47987/4

2012
Isolate I
S
R
S
R
S
S
S
R
S
S
S
R
S
R
S
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
R
S
R
R
S
R
S
S
S
S
R
S
R
R
R
S

2013
Isolate I
S
R
S
R
S
S
S
R
S
S
S
R
S
R
S
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S
S
R
R
R
S
S
S
S
S
R
S
R
R
R
S
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2013
Isolate II
S
R
S
R
S
S
S
R
S
S
S
S
R
R
S
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
R
R
S
S
S
S
S
S
R
S
R
R
R
S

2014
Isolate I
S
R
S
R
S
S
S
R
S
S
S
R
S
R
S
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S
S
R
R
R
S
S
S
S
S
R
S
R
R
R
S

2014
Isolate II
S
R
S
R
S
S
S
R
S
S
S
S
R
R
S
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
R
R
S
S
S
S
S
S
R
S
R
R
R
S

Max. Score
Results
S
R
S
R
S
S
S
R
S
S
S
S**
S**
R
S
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S**
S
S**
S**
S
R
R
S**
S**
S
S
S
S
R
S
R
R
R
S
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Genotypes (Origin, number)

2012
Isolate I

2013
Isolate I

2013
Isolate II

2014
Isolate I

2014
Isolate II

Max. Score
Results

58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115

K.MARAŞ M-396/6
K.MARAŞ M-397/6
K.MARAŞ TR 32009/1
K.MARAŞ M-397/4
K.MARAŞ M-388/4
K.MARAŞ M-398/3
K.MARAŞ M-394/6
K.MARAŞ M-391/6
KARS TR 48025/6
KARS TR 46851/1
KARS TR 45904/6
KIRKLARELİ TR 38316/2
KIRKLARELİ TR 33521/3
KONYA TR 53342/4
KONYA TR 35409/2
KONYA TR 63319/1
KONYA TR 35409/4
KONYA TR 35409/6
KONYA TR 63316/6
KONYA TR 38894/2
KONYA TR 52021/3
KONYA TR 38894/4
KONYA TR 52021/5
KONYA TR 52021/2
KONYA SEYDİŞEHİR-1/7
KONYA SEYDİŞEHİR-10/16
KONYA DEREBUCAK-11/6
KONYA DEREBUCAK-12/13
KONYA DEREBUCAK-13/24
KONYA DEREBUCAK-14/13
KONYA DEREBUCAK-15/7
KONYA DERBENT-16/13
KONYA DERBENT-17/19
KONYA DERBENT-18/24
KONYA DERBENT-19/3
KONYA SEYDİŞEHİR-2/22
KONYADOĞANHİSAR-22/13
KONYADOĞANHİSAR-23/13
KONYADOĞANHİSAR-24/21
KONYADOĞANHİSAR-26/16
KONYA DOĞANHİSAR-28/1
KONYA DOĞANHİSAR-29/3
KONYA SEYDİŞEHİR-3/18
KONYADOĞANHİSAR-30/10
KONYADOĞANHİSAR-32/20
KONYADOĞANHİSAR-33/13
KONYADOĞANHİSAR-34/11
KONYA AKŞEHİR-35/14
KONYA AKŞEHİR-36/18
KONYA AKŞEHİR-37/22
KONYA AKŞEHİR-38/15
KONYA AKŞEHİR-39/23
KONYA SEYDİŞEHİR-4/24
KONYA AKŞEHİR-40/2
KONYA AKŞEHİR-41/3
KONYADOĞANHİSAR-43/16
KONYADOĞANHİSAR-44/20
KONYADOĞANHİSAR-44/19

S
S
S
S
S
S
S
R
R
S
S
S
S
R
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

R
S
S
S
S
S
S
R
R
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

R
S
S
S
S
S
S
R
R
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

S
S
S
S
S
S
S
R
R
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

R
S
S
S
S
S
S
R
R
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

S**
S
S
S
S
S
S
R
R
S
S
S
S
S**
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S**
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

6343

$#

! %      





!"  ! 


GN

Genotypes (Origin, number)

116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174

KONYADOĞANHİSAR-45/24
KONYADOĞANHİSAR-46/20
KONYA SEYDİŞEHİR-47/3
KONYA SEYDİŞEHİR-48/4
KONYA SEYDİŞEHİR-5/15
KONYA DEREBUCAK-6/12
KONYA SEYDİŞEHİR-7/16
KONYA SEYDİŞEHİR-8/22
KONYA SEYDİŞEHİR-9/23
KÜTAHYA TR 55140/5
KÜTAHYA TR 55138/6
KÜTAHYA TR 55148/3
KÜTAHYA TR 55149/6
KÜTAHYA TR 55125/6
KÜTAHYA TR 55142/1
KÜTAHYA TR 55174/3
KÜTAHYA TR 55125/1
KÜTAHYA TR 55146/7
KÜTAHYA TR 55142/3
KÜTAHYA TR 55144/3
KÜTAHYA TR 55167/1
KÜTAHYA TR 55148/4
KÜTAHYA TR 55128/2
KÜTAHYA TR 55127/1
KÜTAHYA TR 55146/4
KÜTAHYA TR 55212/2
KÜTAHYA TR 55143/5
KÜTAHYA TR 55174/5
KÜTAHYA TR 55167/2
KÜTAHYA TR 55141/2
KÜTAHYA TR 55144/5
KÜTAHYA TR 55166/6
KÜTAHYA TR 55138/5
MALATYA TR 31894/1
SİVAS TR 53312/3
SİVAS TR 53304/6
SİVAS TR 48062/6
SİVAS TR 55002/3
SİVAS TR 46890/3
SİVAS TR 53318/1
SİVAS TR 53359/3
SİVAS TR 46892/2
SİVAS TR 53292/5
SİVAS TR 53342/3
SİVAS TR 55010/1
SİVAS TR 55002/2
SİVAS TR 53370/6
SİVAS TR 53318/5
SİVAS TR 53365/4
SİVAS TR 53313/5
SİVAS TR 48067/6
SİVAS TR 48062/1
SİVAS TR 53313/3
SİVAS TR 53375/1
SİVAS TR 53356/5
SİVAS TR 53323/5
TOKAT TR 55001/5
TOKAT TR 55001/3
TOKAT TR 54989/1

2012
Isolate I
S
S
S
S
S
S
S
S
S
S
R
R
R
S
R
R
S
R
R
R
R
R
R
R
R
R
R
R
R
S
R
R
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

2013
Isolate I
S
S
S
S
S
S
S
S
S
S
R
S
R
S
R
S
S
R
R
R
R
R
S
R
R
S
R
R
R
S
R
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
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2013
Isolate II
S
S
S
S
S
S
S
S
S
S
R
R
R
S
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
S
R
R
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S

2014
Isolate I
S
S
S
S
S
S
S
S
S
S
R
S
R
S
R
S
S
R
R
R
R
R
S
R
R
S
R
R
R
S
R
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

2014
Isolate II
S
S
S
S
S
S
S
S
S
S
R
R
R
S
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
S
R
R
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S

Max. Score
Results
S
S
S
S
S
S
S
S
S
S
R
S**
R
S
R
S**
S**
R
R
R
R
R
S**
R
R
S**
R
R
R
S
R
S**
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S**
S
S
S
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Genotypes (Origin, number)

2012
Isolate I

2013
Isolate I

2013
Isolate II

2014
Isolate I

2014
Isolate II

Max. Score
Results

175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200

TOKAT TR 54989/3
TOKAT TR 44431/5
TOKAT TR 48371/2
VAN TR 45410/4
VAN TR 47966/7
VAN TR 45938/5
VAN TR 45398/6
VAN TR 45409/5
VAN TR 45410/5
VAN TR 45402/4
VAN TR 47966/3
VAN TR 47993/6
VAN TR 32275/5
VAN TR 48313/5
VAN TR 47993/2
VAN TR 47995/3
VAN TR 47966/5
VAN TR 45399/2
VAN TR 47995/5
VAN TR 45402/1
VAN TR 47995/4
VAN TR 39676/4
YOZGAT TR 53863/5
YOZGAT TR 45308/4
YOZGAT TR 45303/3
YOZGAT TR 45306/5

S
S
S
S
S
R
S
S
S
R
S
R
R
S
S
S
S
S
S
R
S
S
S
S
R
S

S
S
S
S
S
R
R
S
S
S
S
R
R
S
S
S
S
S
S
R
S
S
S
S
S
S

S
S
S
S
S
R
S
S
S
R
S
R
S
S
S
S
S
S
S
R
S
S
S
S
S
S

S
S
S
S
S
R
R
S
S
S
S
R
R
S
S
S
S
S
S
R
S
S
S
S
S
S

S
S
S
S
S
R
S
S
S
R
S
R
S
S
S
S
S
S
S
R
S
S
S
S
S
S

S
S
S
S
S
R
S**
S
S
S**
S
R
S**
S
S
S
S
S
S
R
S
S
S
S
S**
S

43
157

32
147
21

Total resistance genotypes
46
39
43
38
Total susceptible genotypes
154
161
157
162
Total reactions change genotypes
R: Resistance reaction; S: Susceptible reaction ; S**: Reaction change in two different isolates

2011-2012 while in the following two years 45
landrace lines were found resistant and 155 susceptible (Table 3). When the results of three years are
combined, 34 landrace lines were found resistant
and 142 susceptible. Reactions of 24 landrace lines
were variable among years (Adiyaman TR 50457/6,
Adiyaman TR 50476/1, Adiyaman TR 46810/6,
Adiyaman TR 49040/6, Erzurum TR 45370/6,
Eskisehir TR 55155/6, Eskisehir TR 57999/2,
Eskisehir TR 55154/4, Gümüshane TR 14861/1,
Hakkari TR 47981/4, Konya TR 38894/2, Konya
TR 52021/5, Konya Derbent-19/3, Konya
Doğanhisar-44/20, Kutahya TR 55148/3, Kutahya
TR 55167/1, Kutahya TR 55148/4, Kutahya TR
55167/2, Malatya TR 31894/1, Sivas TR 48062/6,
Sivas TR 53365/4, Sivas TR 48067/6, Van TR
45399/2, Yozgat TR 45303/3).
In Ikızce location; 46, 42 and 8 landrace lines
showed resistance while 154, 158 and 193 landrace
lines showed susceptibility in 2011-12 and following two years respectively. When the results of
three years are combined for the Ikizce location
where the yellow rust population contained isolate
I, isolate II and the natural present population, studies showed that 4 landrace lines were resistant and
142 landrace lines were susceptible. 54 landrace
lines showed variable reactions in the three growing
seasons (Table 3).

When the results of all greenhouse studies
conducted in 3 years and 2 isolates were evaluated
together; 32 landrace lines showed resistant reaction and 147 susceptible. Twenty-one landrace lines
showed varying reactions in different years. The 32
resistant landrace lines originated from landraces
collected in provinces located in western, eastern
and Central part of Turkey materials (Adiyaman TR
50457/6, Adiyaman TR 50455/1, Adiyaman TR
49034/3, Adiyaman TR 49040/6, Bolu TR 36948/5,
Eskisehir TR 55155/2, Eskisehir TR 55164/2,
Hakkari TR 47981/1, Hakkari TR 47988/4, Hakkari
TR 47982/5, Hakkari TR 47981/4, K.Maraş M–
391/6, Kars TR 48025/6, Konya TR 63319/1,
Kutahya TR 55138/6, Kutahya TR 55149/6,
Kutahya TR 55142/1, Kutahya TR 55146/7,
Kutahya TR 55142/3, Kutahya TR 55144/3,
Kutahya TR 55167/1, Kutahya TR 55148/4,
Kutahya TR 55127/1, Kutahya TR 55146/4,
Kutahya TR 55143/5, Kutahya TR 55174/5,
Kutahya TR 55167/2, Kutahya TR 55144/5,
Kutahya TR 55138/5, Van TR 45938/5, Van TR
47993/6, Van TR 45402/1) (Table 2).
'6.5 2.%05 45%*( 3(%&5,10 5(454 In adult
plant tests carried out in Yenimahalle location under artificial disease pressure, 47 landrace lines was
found resistant and 153 were found susceptible in
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GN
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

Genotypes (Origin, number)
ADIYAMAN TR 49034/2
ADIYAMAN TR 50457/6
ADIYAMAN TR 50476/1
ADIYAMAN TR 50455/1
ADIYAMAN TR 46810/6
ADIYAMAN TR 49029/3
ADIYAMAN TR 50465/6
ADIYAMAN TR 49034/3
ADIYAMAN TR 46822/3
ADIYAMAN TR 50464/5
ADIYAMAN TR 50465/1
ADIYAMAN TR 49040/5
ADIYAMAN TR 49040/4
ADIYAMAN TR 49040/6
ADIYAMAN TR 50465/4
ADIYAMAN TR 50476/4
ADIYAMAN TR 49029/5
ADIYAMAN TR 49029/6
ADIYAMAN TR 46822/5
ADIYAMAN TR 49029/1
ADIYAMAN TR 50476/5
BOLU TR 36948/5
DENİZLİ TR 52859/7
DENİZLİ TR 52863/5
DENİZLİ TR 52865/3
DENİZLİ TR 52865/2
EDİRNE TR 33419/2.
EDİRNE TR 33257/3
EDİRNE TR 33419/5
ERZURUM TR 32790/1
ERZURUM TR 45370/5
ERZURUM TR 45370/6
ERZURUM TR 32893/1
ERZURUM TR 45370/4
ERZURUM TR 45370/6
ERZURUM TR 32655/1
ERZURUM TR 32780/3
ERZURUM TR 32846/4
ESKİŞEHİR TR 55155/6
ESKİŞEHİR TR 57999/6
ESKİŞEHİR TR 57999/2
ESKİŞEHİR TR 57999/5
ESKİŞEHİR TR 55154/4
ESKİŞEHİR TR 55155/2
ESKİŞEHİR TR 55164/2
ESKİŞEHİR TR 57999/3
GÜMÜŞHANE TR 14861/1
GÜMÜŞHANE TR 14861/4
GÜMÜŞHANE TR 14861/6
GÜMÜŞHANE TR 46871/1
GÜMÜŞHANE TR 48039/6
HAKKARİ TR 47981/1
HAKKARİ TR 46763/1
HAKKARİ TR 47988/4
HAKKARİ TR 47982/5
HAKKARİ TR 47981/4
HAKKARİ TR 47987/4
K.MARAŞ M-396/6
K.MARAŞ M-397/6
K.MARAŞ TR 32009/1
K.MARAŞ M-397/4

2012
2013
Yenimahalle
S
S
S
R
R
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S
R
S
S
S
R
S
R
R
R
R
R
R
R
S
S
S
S
S
R
R
S
S
R
R
S
S
R
R
R
R
R
S
S
S
S
S
S
S
S
S
S
S

2014

Max.

S
R
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
R
S
R
R
R
R
R
S
S
R
S
R
S
R
R
S
S
S
S
S
S

S
S**
S**
S
S**
S
S
S
S
S
S
S
S
S**
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S*
S
S
S
S
S
S
S*
S
S*
S
S*
R
R
R
S*
S
S
R
S
R
S
R
R
S*
S
S
S
S
S
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2012
İkizce
S
S
S
S
S
S
S
S
S
S
S
R
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
R
R
R
S
R
R
R
S
S
R
S
R
S
R
R
R
S
S
S
S
S

2013

2014

Max.

S
R
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
R
S
R
R
R
R
S
S
S
R
S
R
S
R
R
S
S
S
S
S
S

S
S
R
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S
S
S
S
S

S
S**
S**
S
S
S
S
S
S
S**
S
S**
S
S**
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S*
S*
S*
S*
S*
S*
S*
S*
S*
S
S
S*
S
S*
S
R
S*
S*
S
S
S
S
S

2014
Edirne
R
R
R
R
R
S
S
R
S
R
R
R
R
R
S
R
R
S
S
S
R
R
R
S
S
S
S
R
S
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
S
R
R
R
R
R
S
R
R
R
R
R
R
R
S

Result
Max.
S**
S**
S**
S**
S**
S
S
S**
S
S**
S**
S**
S**
S**
S
S**
S**
S
S
S
S*
S*
S*
S
S
S
S
S*
S
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S
R
S*
S*
S*
S*
S*
S*
S
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GN
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124

Genotypes (Origin, number)
K.MARAŞ M-388/4
K.MARAŞ M-398/3
K.MARAŞ M-394/6
K.MARAŞ M-391/6
KARS TR 48025/6
KARS TR 46851/1
KARS TR 45904/6
KIRKLARELİ TR 38316/2
KIRKLARELİ TR 33521/3
KONYA TR 53342/4
KONYA TR 35409/2
KONYA TR 63319/1
KONYA TR 35409/4
KONYA TR 35409/6
KONYA TR 63316/6
KONYA TR 38894/2
KONYA TR 52021/3
KONYA TR 38894/4
KONYA TR 52021/5
KONYA TR 52021/2
KONYA Seydişehir-1/7
KONYA Seydişehir-10/16
KONYA Derebucak-11/6
KONYA Derebucak-12/13
KONYA Derebucak-13/24
KONYA Derebucak-14/13
KONYA Derebucak-15/7
KONYA Derbent-16/13
KONYA Derbent-17/19
KONYA Derbent-18/24
KONYA Derbent-19/3
KONYA Seydişehir-2/22
KONYA Doğanhisar-22/13
KONYA Doğanhisar-23/13
KONYA Doğanhisar-24/21
KONYA Doğanhisar-26/16
KONYA Doğanhisar-28/1
KONYA Doğanhisar-29/3
KONYA Seydişehir-3/18
KONYA Doğanhisar-30/10
KONYA Doğanhisar-32/20
KONYA Doğanhisar-33/13
KONYA Doğanhisar-34/11
KONYA Akşehir-35/14
KONYA Akşehir-36/18
KONYA Akşehir-37/22
KONYA Akşehir-38/15
KONYA Akşehir-39/23
KONYA Seydişehir-4/24
KONYA Akşehir-40/2
KONYA Akşehir-41/3
KONYA Doğanhisar-43/16
KONYA Doğanhisar-44/20
KONYA Doğanhisar-44/19
KONYA Doğanhisar-45/24
KONYA Doğanhisar-46/20
KONYA Seydişehir-47/3
KONYA Seydişehir-48/4
KONYA Seydişehir-5/15
KONYA Derebucak-6/12
KONYA Seydişehir-7/16
KONYA Seydişehir-8/22
KONYA Seydişehir-9/23

2012
2013
Yenimahalle
S
S
S
S
S
S
R
R
R
R
S
S
S
S
R
R
S
S
S
S
S
S
R
R
S
S
S
S
S
S
R
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
R
R
R
R
R
R
R
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
R
R
S
S
S
S
S
S

2014

Max.

S
S
S
R
R
S
S
R
S
S
S
R
S
S
S
S
S
S
R
S
S
S
S
S
S
S
R
R
R
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S

S
S
S
R
R
S
S
R
S
S
S
R
S
S
S
S*
S
S
S*
S
S
S
S
S
S
S
R
R
R
R
S*
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S*
S
S
S
S
S
S
R
S
S
S
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2012
İkizce
S
S
S
R
R
S
S
R
S
S
S
R
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

2013

2014

Max.

S
S
S
R
R
S
S
R
S
S
S
R
S
S
S
S
S
S
R
S
S
S
S
S
S
S
R
R
R
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S

S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S

S
S
S
R
S*
S
S
S*
S
S
S
S*
S*
S
S
S
S
S
S*
S
S
S
S
S
S
S
S*
S*
S*
S*
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S*
S
S
S

2014
Edirne
S
S
R
R
R
R
R
R
R
R
R
R
R
R
S
S
R
S
R
R
R
S
S
S
R
R
R
R
R
R
R
R
S
R
S
S
R
S
S
R
S
R
R
R
R
R
R
S
R
S
S
S
R
R
S
S
R
R
R
R
S
R
S

Result
Max.
S
S
S*
R
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S
S
S*
S
S*
S*
S*
S
S
S
S*
S*
S*
S*
S*
S*
S*
S*
S
S*
S
S
S*
S
S
S*
S
S*
S*
S*
S*
S*
S*
S
S*
S
S
S
S*
S*
S
S
S*
S*
S*
S*
S
S*
S

$#

! %      





!"  ! 


GN
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187

Genotypes (Origin, number)
KÜTAHYA TR 55140/5
KÜTAHYA TR 55138/6
KÜTAHYA TR 55148/3
KÜTAHYA TR 55149/6
KÜTAHYA TR 55125/6
KÜTAHYA TR 55142/1
KÜTAHYA TR 55174/3
KÜTAHYA TR 55125/1
KÜTAHYA TR 55146/7
KÜTAHYA TR 55142/3
KÜTAHYA TR 55144/3
KÜTAHYA TR 55167/1
KÜTAHYA TR 55148/4
KÜTAHYA TR 55128/2
KÜTAHYA TR 55127/1
KÜTAHYA TR 55146/4
KÜTAHYA TR 55212/2
KÜTAHYA TR 55143/5
KÜTAHYA TR 55174/5
KÜTAHYA TR 55167/2
KÜTAHYA TR 55141/2
KÜTAHYA TR 55144/5
KÜTAHYA TR 55166/6
KÜTAHYA TR 55138/5
MALATYA TR 31894/1
SİVAS TR 53312/3
SİVAS TR 53304/6
SİVAS TR 48062/6
SİVAS TR 55002/3
SİVAS TR 46890/3
SİVAS TR 53318/1
SİVAS TR 53359/3
SİVAS TR 46892/2
SİVAS TR 53292/5
SİVAS TR 53342/3
SİVAS TR 55010/1
SİVAS TR 55002/2
SİVAS TR 53370/6
SİVAS TR 53318/5
SİVAS TR 53365/4
SİVAS TR 53313/5
SİVAS TR 48067/6
SİVAS TR 48062/1
SİVAS TR 53313/3
SİVAS TR 53375/1
SİVAS TR 53356/5
SİVAS TR 53323/5
TOKAT TR 55001/5
TOKAT TR 55001/3
TOKAT TR 54989/1
TOKAT TR 54989/3
TOKAT TR 44431/5
TOKAT TR 48371/2
VAN TR 45410/4
VAN TR 47966/7
VAN TR 45938/5
VAN TR 45398/6
VAN TR 45409/5
VAN TR 45410/5
VAN TR 45402/4
VAN TR 47966/3
VAN TR 47993/6
VAN TR 32275/5

2012
2013
Yenimahalle
S
S
R
R
R
S
S
S
S
S
R
R
S
S
S
S
R
R
S
S
R
R
R
S
R
S
R
R
R
R
R
R
R
R
R
R
R
R
R
S
S
S
R
R
S
S
R
R
R
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S
R
S
R
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
R
R
R
R
S
S
S
S
R
R
S
S
R
R
S
S

2014

Max.

S
R
S
S
S
R
S
S
R
S
R
S
S
R
R
R
R
R
R
S
S
R
S
R
R
S
S
R
S
S
S
S
S
S
S
S
S
S
S
R
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
R
R
S
S
R
S
R
S

S
R
S*
S
S
R
S
S
R
S
R
S*
S*
R
R
R
R
R
R
S*
S
R
S
R
S*
S
S
S*
S
S
S
S
S
S
S
S
S
S
S
S*
S
S*
R
S
S
S
S
S
S
S
S
S
S
S
S
R
R
S
S
R
S
R
S
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2012
İkizce
S
R
R
S
S
R
S
S
R
S
R
R
R
R
R
R
R
R
R
R
S
R
S
R
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
R
R
S
R
S
R
S
S
S
S
S
S
S
S
S
S
R
S
S
S
R
S
R
S

2013

2014

Max.

S
R
S
S
S
R
S
S
S
S
R
S
S
R
R
R
R
R
R
S
S
R
S
R
R
S
S
R
S
S
S
S
S
S
S
S
S
S
S
R
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
R
R
S
S
R
S
R
S

S
R
S
S
S
S
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

S
R
S*
S
S
S*
S
S
S*
S
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S
S*
S
S*
S*
S
S
S*
S
S
S
S
S
S
S
S
S
S
S
S*
S*
S
S*
S
S*
S
S
S
S
S
S
S
S
S
S
S*
S*
S
S
S*
S
S*
S

2014
Edirne
S
R
R
R
S
R
R
S
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
S
R
R
R
R
R
R
R
R
R
R
R
R
R
R
S
S
R
S
R
R
R
R
R
R
R
R
R
R

Result
Max.
S
R
S*
S*
S
S*
S*
S
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
S
S
S*
S
S*
S*
S*
S*
S*
S*
S*
S*
S*
S*
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2012
2013
2014
Max.
2012
GN
Genotypes (Origin, number)
Yenimahalle
İkizce
188
VAN TR 48313/5
S
S
S
S
S
189
VAN TR 47993/2
S
S
S
S
S
S
S
190
VAN TR 47995/3
S
S
S
S
S
191
VAN TR 47966/5
S
S
S
R
S
S
S*
S
192
VAN TR 45399/2
S
S
193
VAN TR 47995/5
S
S
S
S
S
194
VAN TR 45402/1
S
S
S
S
S
195
VAN TR 47995/4
S
S
S
R
R
R
R
R
196
VAN TR 39676/4
S
S
197
YOZGAT TR 53863/5
S
S
S
S
S
198
YOZGAT TR 45308/4
S
S
S
R
R
S*
R
199
YOZGAT TR 45303/3
S
200
YOZGAT TR 45306/5
S
S
S
S
S
Total resistance genotypes
47
45
45
34
46
Total susceptible genotypes
153
155
155
142
154
24
Total reactions change genotypes
R: Resistance reaction; S: Susceptible reaction; S*: Reaction change in two different isolates

At the Edirne location (the furthest west location of Turkey) where tests took place completely
under natural conditions without artificial inoculation, 153 landrace lines scored as resistant and 47 as
susceptible.

,))(3(05,%. 4(5 3(%&5,10 5(454 With the yellow rust differential set, which included genotypes
carrying specific resistance genes, virulence profiles of the rust inoculum used and populations
were identified and verified (Table 1).
In the greenhouse reaction tests, the isolate I
was found virulent on genotypes Lee, Heines Kolben, Strubes Dickkopf, Heines Peko, Compair,
Heines VII, Federation*4/Kavkaz and Avocet S in
2012 and 2013. The isolate II was found to be virulent on genotypes Lee, Heines Kolben, Strubes
Dickkopf, Suwon 92*Omar, Compair, Heines VII,
Selkirk, Opata 85, Federation*4/Kavkaz and Avocet S in the tests of 2013. In 2014 isolate I was
virulent on genotypes Lee, Heines Kolben, Strubes
Dickkopf, Heines Peko, Compair, Heines VII, Federation*4/Kavkaz and Avocet S while isolate II was
virulent on genotypes Lee, Heines Kolben, Strubes
Dickkopf, Suwon 92 * Omar, Compair, Heines VII,
Selkirk, Opata 85, Federation*4/Kavkaz and Avocet S.
In the adult plant reaction tests, 2011-12 growing season; the genotypes Lee, Heines Kolben,
Strubes Dickkopf, Heines Peko, Compair, Heines
VII, Federation*4/Kavkaz and Avocet S showed
susceptible reactions to the YR inoculum present
under field conditions while in 2012-13 and 201314 growing seasons the genotypes Lee, Heines
Kolben, Strubes Dickkopf, Suwon 92*Omar, Compair, Heines VII, Selkirk, Opata 85, Federation*4/Kavkaz and Avocet S showed susceptible
reactions. In 2013-14 growing season, yellow rust
disease was observed in Edirne location in the European part of Turkey. This situation is not expected to be carefully focused on and should be
followed. In this location, evaluation at the adult

2013

2014

Max.

S
S
S
S
S
S
S
S
R
S
S
S
S
42
158

S
S
S
S
S
S
S
S
R
S
S
S
S
8
192

S
S
S
S
S
S
S
S
R
S
S
S*
S
4
142
54

2014
Edirne
R
R
S
R
R
R
R
S
R
R
R
R
S
153
47

Result
Max.
S*
S*
S
S*
S*
S*
S*
S
R
S*
S*
S*
S
4
46
150

plant stage the genotypes Chinese 166, Lee, Strubes
Dickkopf, Suwon 92 * Omar, Clement, Compair,
Heines VII showed susceptible reactions.
These studies indicated that isolate I is effective (virulent) on *   
 - and . resistance genes and isolate
II is effective (virulent) on *    
  ), and . (SU, SD, 3N, 3V) .
In contrast, yellow rust isolates were ineffective
(avirulent) on *    and resistance
genes.


!

(%&5,101).,0(4'(3,7(')31/.%0'3%&(451
$ %5 4(('.,0* %0' %'6.5 2.%05 45%*(4 Research
conducted for three years revealed that some lines
exhibited resistant reaction to both Isolate I and
Isolate II, while some others showed varying reactions to these isolates. Against Isolate I, 11 genotypes were different in their reaction. This situation
can be attributed to a number of factors such as 
variation among the YR populations used for virulence on adult plant resistance genes,  differences
among the YR populations for inoculum density, 
differences concerning dominance of inoculum of
certain strains. Another possible factor is that the
greenhouse studies were carried out under controlled greenhouse conditions in the period November-March. In the evaluations, the highest score
value was taken into account rather than the average score to avoid miss interpretation of lines as
resistant. Light and temperature are very important
especially during the disease development and
sporulation. Even though all efforts were made
during the seedling stage tests to keep the temperature between certain degrees and to provide sufficient light with artificial lighting, when the weather
was cloudy and dark, some limited deviations may
have occurred in different parts of the greenhouse.
Roelfs et al. [14] indicates that yellow rust is more
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susceptible to ultraviolet light and cloudiness than
other rusts. Thus, it is possible that where the light
is insufficient, certain landrace lines may have
shown a resistant reaction instead of their normal
susceptible nature.
The results of adult plant stage tests in 201112, 2012-13 and 2013-14 in Yenimahalle location
were found similar.
The results of adult plant tests in 2011-12,
2012-13 and 2013-14 in Ikizce location were slightly different. The main reason for this is the similarity of the population of the Central Anatolia in 201112 and 2012-13 growing seasons and emergence
and spread of new race/races in the in 2013-14
season.
In the final assessments for each line, the
highest score value was taken into account rather
than the average score to avoid miss interpretation
of the susceptible lines as resistant.

(%&5,10 1) $ ',))(3(05,%. *(01592(4 %0'
()),&,(0&9 1) $ 3(4,45%0&( *(0(4 The results
indicated that some landrace lines or differential set
genotypes reacted to YR differently in different
growing years. The most probable reason for such
variations is the change of proportion of certain
races in the rust populations [14]. The possibility of
presence of resistance gene/genes that cannot be
determined by the differential set may have also
played a role in this variation.
For the genotypes that exhibit a susceptible reaction during the seedling stage and resistant reaction at the adult plant stage in the field, the resistance property of the genotype is expressed as
`adult plant resistance` which is a desirable trait for
long term durability of resistance under field conditions.
Turkey is important in terms of YR diversity
and climatic suitability for yellow rust occurrence.
The study allowed comparison of the resistance
performance of landrace lines in two distinct environments: Ankara (in Central Anatolia) and Edirne
(in Thrace region, the furthest west part of the
country). Response of differential lines to YR populations in these locations were different. In Ankara
location, genotypes *          
     ), and . (, , , ) .
resistance genes were unaffected while in Edirne
location, unaffected genotypes carried *   
   and 32 resistance genes. The results of a
preliminary study performed on isolates of Edirne
locations revealed that these strains were compatible with European race/races [7] rather than races
identified in Central Anatolia. In many European
countries, unusual yellow rust epidemics were reported in that year, most resulting from expansion
of this race [16].

In conclusion, screening performed at seedling
stage under greenhouse conditions and adult plant
screening indicated that 4 landrace lines showed
YR resistance ad both stages and in two locations
over the three years (Hakkari TR 47988/4, K.Maraş
M-391/6, Kutahya TR 55138/6, Van TR 39676/4).
Reactions of the YR differential genotypes suggest
that resistance in these lines may be conferred by
* , *, * and * alone or together.
These 4 lines are found to be valuable yellow
rust resistance sources for use in breeding programmes.
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Agriculture offers significant rural progress
opportunities as well as one means of climate
change remission by substituting bioenergy for
fossil fuels [4, 5]. The agricultural industry has
become progressively dependent on energy resources, such as electricity, fossil fuels, chemicals,
and fertilizers. Energy use in agricultural production differs from energy usage in non-agricultural
production in terms of seasonality and the need for
perpetual services [5, 6].
Several studies have been conducted on agricultural plants’ energy efficiencies in agricultural
production; these studies can be listed as those on
the energy efficiency of tomato [1, 5], greenhouse
[7], cucumber [8], chickpea [9], black carrot [10],
barley [11], vetch [12], corn [13].
In this study, computing output and-input ratios of energy productivity and specific energy usage
in greenhouse for tomato production in Siirt province of Turkey is carried out.

Greenhouse cultivation is one of the most important income generating branches of agriculture.
The aim of this study is to do an analyze on energy
efficiency of greenhouse tomato production in the
season of 2018 in Siirt province and its sub-districts
of Turkey. The energy input and output in greenhouse tomato production has been calculated as
104915.10 MJ ha-1 and 128000 MJ ha-1, respectively. Energy inputs consist of 33.39% (35030 MJ
ha-1) chemical fertilizer energy, 19.24% (20184.08
MJ ha-1) human labor energy, 12.81% (13440 MJ
ha-1) irrigation energy, 10.20% (10698.90 MJ ha-1)
diesel fuel energy, 7.63% (80002.80 MJ ha-1) machinery energy, 6.75% (7084 MJ ha-1) chemicals
energy, 1.41% (1475.20 MJ ha-1) transportation
energy and 0.01% (0.10 MJ ha-1) seed energy.
Energy efficiency, specific energy, energy productivity and net energy in greenhouse tomato production has been computed as 1.22, 0.66 MJ kg-1, 1.53
kg MJ-1 and 23084.90 MJ ha-1, respectively.



#!"

'&!"
Energy efficiency, specific energy, greenhouse tomato,
Turkey

The landforms of Siirt province are mostly
composed of high mountains and plateaus. The
north and the east of Siirt are high and steep sections. This mountain range commonly referred as
the Southeastern Taurus which unites with the
Hakkari Mountains by drawing a wide arc from the
east to the southeast. The important mountains in
this high and steep section which are inclined to the
Tigris Valley and their characteristics can be listed
as follows. These mountains, elevation is rapidly
declining and entered towards the Southeastern
Straits, combined with the Hakkari Mountains on
the other part. East of Siirt Mountains generally
rises in individual masses. These masses are fragmented by the valleys of small rivers in the Tigris
River. The study is conducted in the Southeastern
Anatolia Region in Turkey Siirt province and its
sub-districts (Figure 1).
Greenhouse activities are carried out in 65 (da)
decares in Siirt (Kurtalan, Baykan, Eruh), which is
25 (da) with soil and 5 (da) in the village of Kılıçlı
(Figure 2). In greenhouses mentioned, annually
crop growth is made twice. Generally, tomatoes and
cucumbers produced from these greenhouses are
not matching the desired income.

#!$#
A greenhouse is an agricultural structure that
can cultivate plants economically during periods
even when the natural environment is not suitable.
Tomato is an agricultural product which is grown
and consumed all over the world and thus has been
a significant material of trade [1]. Nowadays, it is
known that vegetables are quite important for a
healthy diet. One of the most important products of
greenhouse vegetable growing is tomato, which is
also important in terms of nutrition [2]. The researcher has been reported 100 grams of tomato
contain to 0.55 mg vitamin B6, 1700 IU vitamin A,
0.10 mg vitamin B1 and 21 mg vitamin C [2, 3].
Energy plays a key role in economic and social progress, but rural energy progress policies that
focus on agriculture have not been started. Agriculture serves a major role as an energy user, but also
an energy supplier in the form of bioenergy.
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tion inputs, energy equivalents of input and output
have been shown as energy values. Energy efficiency computations have been shown in Table 2. [8]
reported that "The energy ratio, energy productivity, specific energy, and net energy have been computed by using the following formulas [16, 8].

Furthermore, since 2009, the GAP Administration has given financial and technical aid for
the farmers in the Integrated Rural Development
Umbrella Program in the GAP Region, [14]. Small
scale greenhouses have been built by too many
farmers in the region with the contributions provided by the GAP (Southeastern Anatolia Project)
Regional Development Administration and other
institutions in the previous years. But due to the
lack of education and implementation, the yields on
this issue have not been supported in the following
years since there is not yield from the nonrefundable greenhouses.

Energy use efficiency =

(1)

Energy productivity =

(2)

Specific energy =

(3)

Net energy = Energy output (MJ ha-1) - Energy
input (MJ ha-1)
(4)

# 
4,8.>,7;0<(2,4:95-04:/,685+;*:0545-
.8,,4/5;9,:53(:5
46;:9(4+
5;:6;:9
Human labor
Machinery

$! 
(699/5=04.:/,(8,(5-9:;+>

%(2;,9
;40: 
h
1.96
h
64.80
Chemical fertilizers
kg
60.60
kg
11.10
kg
6.70
kg
101.20
l
56.31

$40:

Nitrogen
Phosphorous
Potassium
Chemicals
Diesel fuel
Farmyard
manure
Irrigation
Seed
Transportation

m
kg
MJ (tonkm)-1

;:6;:9

$40:

Yield

kg

!,-,8,4*,9
[17; 18]
[19; 20]
[19; 21]
[19; 21]
[19; 21]
[21; 22]
[19; 21]

kg

0.30

[19; 21]

3

4.20
1

[23; 24]
[7; 19]

9.22

[25]

%(2;,9
;40: 
0.80

"5;8*,9
[1; 7]

Energy ratio, specific energy, energy productivity, and net energy computations have been
shown Table 3. [26] reported that; "The input energy can be done into direct and indirect and renewable and non-renewable forms [16; 27]. Energy efficiency computations in greenhouse tomato production have been shown in Table 4.
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The amounts of tomato produced per hectare
during the 2018 production season have been calculated as an average of 160000 kg. Information about
the energy efficiency of tomato production related
to tomato study has been provided in Table 2. It is
barely seen from these tables that the first, second
and third highest energy inputs in greenhouse tomato production are, 36.52% (35030 MJ ha-1) chemical fertilizer energy, 21.04% (20184.08 MJ ha-1)
human labor energy, 14.01% (13440 MJ ha-1) irrigation energy, respectively. It can be seen that the

The main material of this study is, data accumulated by face to face surveys made with 41 tomato producers in Siirt and its sub-districts in 2018.
Surveys are made in farms that have been determined by using the full count method [15]. Human
labor energy, mechanical energy, chemical fertilizers energy, diesel fuel energy, farmyard manure
energy, irrigation energy, and seed energy have
been computed inputs in greenhouse tomato production. Greenhouse tomato yield has been computed as output. In Table 1, the agricultural produc6353
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128000 MJ ha-1, 1.22, 0.66 MJ kg-1, 1.53 kg MJ-1
and 23084.90 MJ ha-1, respectively. The distribution of inputs, used in the production of greenhouse
tomato, the direct, indirect, renewable and nonrenewable energy groups have been shown in Table
4. The total energy input consumed in greenhouse
tomato production can be shown as 42.25% direct,
57.75% indirect, 40.63% renewable and 59.37%
non-renewable. Similarly, it has been determined
that the ratio of non-renewable energy was higher
than the ratio of renewable energy in tomato [1;5],
sugar beet [28] and barley [11] etc. Because chemical fertilizers have been used from farmyard manure.

highest energy inputs in greenhouse tomato production are 36.52% (35030 MJ ha-1) chemical fertilizer
energy, 21.04% (20184.08 MJ ha-1) human labor
energy, 14.01% (13440 MJ ha-1) irrigation energy,
11.15% (10698.90 MJ ha-1) diesel fuel energy,
8.34% (80002.80 MJ ha-1) mechanical energy,
7.39% (7084 MJ ha-1) chemicals energy, 1.54%
(1475.20 MJ ha-1) transportation energy and 0.01%
(0.10 MJ ha-1) seed energy.
According to Table 3, greenhouse tomato
yield, energy input, energy output, energy efficiency, energy productivity, specific energy, and net
energy in greenhouse tomato production have been
computed as 160000 kg ha-1, 104915.10 MJ ha-1,


# 
4,8.>,--0*0,4*>04:53(:5685+;*:054

46;:9
Human labor
Planting
Soil Tillage
Irrigation
Spraying
Fertilizing
String out
Vigilance for frost
Open-Close
(ventilation covers)
Pruning
Harvest
Machinery
Soil Tillage
Spraying
Farmyard manure
Chemical fertilizers
Nitrogen
Phosphorous
Potassium
Chemicals
Diesel fuel
Irrigation
Seed
Transportation
Total inputs
;:6;:9
Yield
Total outputs

$40:
h
h
h
h
h
h
h
h
h
h
h
h
h
h
kg
kg
kg
kg
kg
l
m3
kg
MJ (ton-km)-1
$40:
kg
-

46;:;9,+
6,8/,*:(8,
;40:/( 
10298
760
228
361
332.50
66.50
2375
950

4,8.>
,7;0<(2,4:
;40: 
1.96
1.96
1.96
1.96
1.96
1.96
1.96
1.96
1.96

1.96
1.96
64.80
64.80
64.80
0.30
60.60
11.10
6.70
101.20
56.31
4.20
1
9.22
4,8.>
,7;0<(2,4:
;40: 
0.80
-

4,8.>
<(2;,
/( 
20184.08
1489.60
446.88
707.56
651.70
130.34
4655
1862

19.24
1.42
0.43
0.67
0.62
0.12
4.44
1.77

950

1862

1.77

1425
2850
123.50
47.50
76
30000
2040
380
200
1460
70
190
3200
0.10
160
-

2793
5586
8002.80
3078
4924.80
9000
35030
23028
2220
9782
7084
10698.90
13440
0.10
1475.20
104915.10

2.66
5.32
7.63
2.93
4.69
8.58
33.39
21.95
2.12
9.32
6.75
10.20
12.81
0.01
1.41
100

;:6;:6,8/,*:(8,
;40:/( 
160000
-

4,8.><(2;,
/( 
128000
-

# 
4,8.>,--0*0,4*>*536;:(:054904.8,,4/5;9,:53(:5685+;*:054
(2*;2(:0549
$40:
%(2;,9
-1
Yield
kg ha
160000
Energy input
MJ ha-1
104915.10
Energy output
MJ ha-1
128000
Energy usage efficiency
1.22
Specific energy
MJ kg -1
0.66
Energy productivity
kg MJ-1
1.53
Net energy
MJ ha-1
23084.90
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# 
4,8.>046;:04:/,-5835-.8,,4/5;9,:53(:5685+;*:054
4,8.>046;:/( 

!(:05

a

Direct energy
44322.98
42.25
Indirect energy b
60592.10
57.75
Total
104915.10
100
Renewable energy c
42624.18
40.63
Non-renewable energy d
62290.90
59.37
Total
104915.10
100
a
Includes human labor, diesel fuel, and irrigation; b Includes seed, transportation, chemical fertilizers, chemicals, farmyard
manure, and machinery; c Includes human labor, seed, farmyard manure, and irrigation; d Includes diesel fuel, transportation,
chemical fertilizers, chemicals and machinery.
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In this study, the energy efficiency of greenhouse tomato production has been determined. As
result, greenhouse tomato production has a profitable production in terms of energy efficiency. Energy productivity, specific energy and net energy in
greenhouse tomato production has been computed
as 1.22 kg MJ-1, 0.66 MJ kg-1 and 23084.90 MJ ha-1,
respectively. The total energy input consumed in
greenhouse tomato production can be shown as
42.25% direct, 57.75% indirect, 40.63% renewable
and 59.37% non-renewable.
In this study, the highest energy inputs in
greenhouse tomato production has the highest energy input share in greenhouse tomato production as
follows: 36.52% (35030 MJ ha-1) chemical fertilizer
energy, 21.04% (20184.08 MJ ha-1) human labor
energy, 14.01% (13440 MJ ha-1) irrigation energy,
11.15% (10698.90 MJ ha-1) diesel fuel energy,
8.34% (80002.80 MJ ha-1) machinery energy,
7.39% (7084 MJ ha-1) chemicals energy, 1.54%
(1475.20 MJ ha-1) transportation energy and 0.01%
(0.10 MJ ha-1) seed energy.
The ratio of non-renewable energy is higher
than the ratio of renewable energy. Thus, green
fertilizers must be used in greenhouse tomato production, instead of chemical fertilizers. [21] reported that "Accurate fertilization management is meaning correct amount and frequency of fertilization
(especially nitrogen) [29] and proper tractor selection and management of machinery to reduce direct
use of diesel fuel [30] aimed to decrease nonrenewable energy sources without reducing the
yield and profitability, in order to improve the energy usage efficiency of sweet cherry production". So
some measures to reduce usage of non-renewable
energy resources can be performed for greenhouse
tomato production to obtain profitability and energy
saving.
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